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THE CIVIL ENGINEER AND ARCHITECT’S 
JOURNAL. 


TO OUR READERS. 


Upon commencing a new volume of this Journal, we beg leave 
to offer a brief statement relative to our past, as well as to our 
fature labours. А glance at the index accompanying this present 
number will show the variety and importance of the papers, as 
well as the number of the illustrations, that have appeared in 
these pages during the last year, illustrating the engineerin, 
and architectaral progress of the country during that period; and 
we hope it will be found also that we have neglected no opportunity 
of bringing before our readers subjects claiming their attention, 
-and possessed of peculiar interest. The volume for the coming 
year will contain several new features, one of which will consist 
of a series of original sketches of early French Architecture, 
principally Ecclesiastical, that have not previously been published, 
and, toa great extent, from buildings of which no published 
illustrations exist. These we believe will be found of considerable 
value to the architectural student. Another feature will be the 
endeavour to give only such plates as will be of permanent value 
for reference for practical ы professional purposes, and also to 
iucrease the monthly number of the plates. [tis also proposed 
during the current year to give regularly the papers read before 
the Architectural Association, and a report of the proceedings at 
their meetings. Many of these papers have о late years been 
extremely valuable, and they have not always been reported in 
this, or any other professional journal. 

Егош the first establishment of this Journal it has been made 
the repository of every class of information coming within the 
scope its title embraces, and to this we shall adhere. Ў 

һе encouraging support that has бог so many years upheld this 
work, we gratefully acknowledge, and we entertain the hope that 
it will be extended to us during the progress of 1866; and we 
trust that our Engineering and Architectural contributors will 
afford us a continuance of such communications as have been 
hitherto placed at our disposal. 


-----“.------ 


WORKMEN'S DWELLINGS, WEST HILL PARK, 
Ч HALIFAX. 
(With Engravings.) 

Tre procf sheets of a work on the eve of publication, under 
the sanction of the Society of Arts, entitled “ The Homes of the 
Working Classes,” + by Mr. James Hole, have just reached us, 
rather too late to do justice to it; but, as far as we have been 
able to scan its contents, it seema to be one of great value, and 

% The Homes of the Working Classes, with nuggostione for their improvement, 


by James Hole, author of the ‘ History of the Һапісе Institutes, &c., 8vo. 
pe. 300. plates. London, Longman; and Baines & Sons, Leeds, 


just such a work as is now required to enable the public fully to 
understand the important question of the day, the necessity of 
providing suitable dwell‘ngs, at reasona*le rates, for the various 
grades of the working classes that require Вот. In the work 
before us there is scarcely a point in connection with the sub- 
ject but what our author has well considered: he points ont 
most forcibly the many existing evils arising from limited space, 
bad ventilation, and want of drainage, with which those of 
limited means have to contend, and shows the advantages that 
will accrue to master and servant by affording healthy and auit- 
able dwellings for the sons of labour. Many of our wealthy 
manufacturers are fully sensible of the unfit state, both as 
regards space and arrangement, of the residences of their work- 
people, and would, we hope, gladly lend a helping hand to better 
the condition of those whose industry brings their wealth, but 
the want of knowledge as to all the bearings of the subject, 
perhaps, prevents them; it ie, we imagine, to bring the subject 
ша simple and unmistakeable way before capitalista and the 
public generally that Mr. Hole has entered upon this arduous 
task, which he has performed, if we may form a rather hur- 
ried opinion upon it, with great industry and consummate 
judgment. There are many gentlemen who have taken up the 
subject; but amongst the leading men of the day, none is 
more sensible than Mr. John Crossley, of Halifax, of the 
advantages that the manufacturer would derive from afford- 
ing the artizan an le ab aad better state of things; for this 

t and praiseworthy end he has started a scheme, which is 
ully unfolded and illustrated in the work before us, for the 
erection of improved dwellings, called the * West Hill Park 
Model Dwellings.” 

Mr. Holesays the object is “to encon thrifty artizans, clerks, 
and others to obtain freehold dwellings for themselves. In 1862 
Mr. Crossley purchased а very eligible plot of land in tbe 
suburbs of Halifax, bounded by the parallel thoroughfares of 
Gibbet-lane and Hanson-lane. Invitations were sent to the local 
architects, and also to Messrs. Paull and Ауе, of India-buildings, 
Сговв-вігееі, Manchester, offering premiums for the best designs 
for laying out the land, and for the houses in each class of 
dwellings. The plans were publicly exhibited, and the бга 
premium was unanimously awarded to the Manchester architecta. 

A reference to the ‘block plan, see Plate 2, will show the 
principle adopted in the laying out.* Streets with through 
communications pass at right angles from Gibbet and Hanson 
lanes each side of the land; therefore cross streets were made in 
connection with them. These are given in thecentre of the plot, 
and are ench 40 feet wide. The ground rises rapidly from east to 


* In our next we »hall give Plates $ and 4, which will show the skilful internal 
arrangement of the West-hill Park dwellings. 
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lve Bardo oy Md a eer therefore the houses are 
chiefly 4 іп long rows from south to north. The spaces 
betersen the fronta of the respective rows not being required for 
vehicle trafic, are appropriated to flower в having a public 
causeway in the centre 5 feet wide, and neat iron feneing to 
en^lose cach garden, Opposite each end of each front space а 
street opens out ipto the highway, and gives facility for access by 
carta, Ес. to the streets at the back of the houses. Pablic view 
of back ntreeta іл not desirable, therefore short blocks of houses 
are placed fronting Gibbet and Hanson lanes, which render them 
іп this case comparatively private. By this arrangement the 
occupanta of the dwellings have every Inducement to keep Ше 
fronta of their houses neat and tidy—all ansightly but necessary 
operons being confined to the back, and shut out from the 
public aye, 

It was originally intended that the houses in class No. 4 should 
be eracted for about £100 each, exclusive of land, atreets, sewers, 
and architects commission. 1% was found, however, that the 
desired accommodation could not be obtained іп substantial 
buildings for such а small amount as this; and the cost was 
therefore fixed at £150. Nothwithetanding their increased 
valne, the iden of ‘cottages’ stil] attached m to the dwellin 
Јо this clase; and the arrangements were planned accordingly. 
A y oriri family living-room next the front, and а good scullery 
at the back, а smni! cellar below, and three bedrooms above, 
seemed to furnish every requisite for an artizan'a family; but now 
that the houses have been taken up and occupied, it ie found that 
the inhabitants are of a higher clasa, and as а natural result the 
ground-floor arrangements have proved uueuitable. Two rows 
ouly of thone dwellings have been erected —namely, at the east 
end of the land. The other two тота to the west of the last- 
named (marked class 3 on block plan, Pinte 2) have been erected 
on а different plan. The area of ground occupied is considerably 
largor, the contenta ofeach house, oxcluaive of outbuildings, being 
respectively 08 and 46 yards, but the dwelling-rooms in this case 
are placed at the back, and the front is used for a parlour and 
entrance-passage partitioned ой, "This arrangement gives great 
eatlefaction, and the houses are readily taken up. These four 
rows, containing In all 62 houses, are all that are yet erected. 
Others will follow in due time. 

It will bo noon Бу the elevation that no attempt has been made 
to make these butldings architecturally fine. The few features 
{Introduced serve to redeem them from positive plainness, but 
that ia all, Architectural effect is reserved for the houses facing 
the maln thoroughfaros, which will be for a superior class of 
occupants, All the building oarried out во far has been subatan- 
МаПу done, and tho fittings and Interonl conveniences have been 
carefully attended to, 1e outside walls are faced with dressed 
* wall atonos’ from the district quarries, backed with rubble stone, 
and lined with brickwork. The Internal walls are of brick 4$ 
inches thick, except the ‘ party’ walla, which are 9 inches thick. 
'l'he roofs are covored with good Welsh slate, and pointed with 
mortar underneath. Ventilation flues are provided from the 
room, and stoam flues from the acullerles. ver each doorway 
In the bedrooms there je an opening tilled with perforated zinc to 
admit fresh air, and a similar opening communicates from each 
Vedroom with the roof, From the roof there is an орепіпд into 
в ventilating flue, which rises between the emoke fiues up to the 
top of the chimney-atack. All the windows have sashes double- 
hung, and are glaaed with good 16 оя. and 81 oz. sheet glass. 
Kaoh house is well aupplied with closeta on both floors, and the 
cellars havo atone shelves aud overy requisite. Water is laid on 
from the atreot maina to tho sculleries, and gas із provided to 
each. of the ground-floor rooma, 

The net coat of the houses іп class 4, inclusive of land, street, 
and sower formation, and legal and architect’s expenses, &c, has 
Yeon about £160 for each house. The houses and land, бо, in 
vlaua ANM about £370 each. The interval finishing of these 
datter housea, and alau the external treatment, are superior to 
these in class 4. 

The houses in classes Nos. Land 2 will be of a still more expen- 
eive character, estimated to оо £320 for the houses in class 3, 
and £500 (o7 those in Маза 1. These аге intended for foremea 
aud the higher paid class of clerka. Space is reserved for achools, 
Фо. (Seo the binl'aeye representation.) Тһе West-bill-park 
dwellings poasess a great advantage: they аге pleassatly situate 
iu the upper part of the town, and close to a besutifiel public park 
given to the town by Sir Francis Crosaley, Bart, М.Р. 

То elow how a workiug wan may become Ще ywuer of one of 
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these houses, through the aid of the building society, we will take 
the cost of a dwelling at £160, which bas to be paid for on the 
completion of the building, when а complete conveyance of the 
property is given to each purchaser. 


Fui asina о 35 25 m . £400 0 
ing society... 2. Ва Ве 120 0 0 
160 00 
For the advance of £120, subscription has to be paid at 
the rate of бе. per week or £13 а year, for а period of 
12 years, when principal and interest are paid. This 
па shi NUM a. A .. 156 0 6 
During this time tbere savi rent, say 
£8 8s. a year, which has assisted! to make tho stove pay- 
ments, and must therefore be deducted 22% - 10016 0 
55 4 0 
Amount furnished by purchaser 40 0 0 
Interest at 5 per cent. thereon... 24 0 0 
Amount of cost of dwelling... 2 "m 119 4 0 


Thus he obtains for £119 & dwelling worth £160, besides the 
use of & superior dwelling twelve years sooner than he could 
otherwise expect to secure it. 

The advantage is really greater than thus stated. In practice 
it would be difficult for à working man to invest £40 at 5 per 
cent. interest in any other way. e is not only enabled to do 
this, but to capitalise his future rent, and make each payment of 
it accumulate at compound interest. 

We cannot conceive any more practical method by which 
employers of labour could raise the condition of the employed, 
than that adopted by those true ‘Captains of Industry,’ 
Edward Akroyd and jon Crossley, in their organisations for 
realising to their workmen the ownership of their own dwellings. 
How vastly might the relation of ешрісуегв and employed 
improved, to the great benefit of both, if employers would take 
ап enlightened and humane view of their duties to those 
dependent upon them. Assuming, for the sake of argument, 
that the old teachings of ‘love your neighbour as yourself,’ of 
* doing unto others as you would be done unto,’ are antiquated 
if not obsolete doctrines, superseded by the new lights of 
‘supply aud demand,’ ‘buying in the cheapest market, #с., 
we do not ask the capitalist to pay one farthing more wages than 
those fixed by the most rigorous competition, yet he might 
easily effect a vast improvement in the homes of his workpeople, 
aud so in their general condition, by devoting a very little atten- 
tion to that subject. His superior intelligence, especially his 
better acquaintance with the details of business, would enable 
him to aasist his workpeople in obtaiuing dwellings of a superior 
character. It has been said by the author of the Claims of 
Labour, ‘that the devout feeling which in former days raised 
sugust cathedrals, might find an employment to the full as 
religious in building a humble row of cottages.’ 

If a capitalist erect works in a new and sparsely-inhabited 
district, he is also under the necessity of building dwellings for 
his ‘hands? But if he erect works in or near a town, he very 
seldom thinks it necessary to make any such provision, but 
trusts to the existing supply ; in other words, he is the means 
of drawing additional population to the place, and во of over- 
crowding the existing inhabitants. He throws upon others the 
responsibility of building houses for the new comers, if they 
think fit; but if they be not ao minded, his hands must crowd 
into such lodgings as they can procure, and must suffer whatever 
evils iu consequence befall them, aud for which the employer is 
really as morally responsible as if he had directly caused them. 
It may be a very convenient arrangement for a capitalist to sink 
the whole of his capital iu his mills, machinery, &c., leaving it 
to the speculative spirit of oottage-builders to find dwellin 
for his people; but is it just to those employed, or to his neigh- 
bours? Yet there are men who put down large mills, and vet 
never take the slightest thought whether their hands can find 
houses or not. That they leave to the laws of 'supply and 
demand. And what kiud of provision is thus insured the 
cottage districts of every manufacturing town can tell. Реса- 
niarily he is often а loser by this neglect. If bis workpeople 
have to walk a considerable distance to their work, the mere losa 
of physical euergy and effectiveuess ін conaiderable in the course 
of a year. If they are badly housed, Бе will lose mach in their 
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absence through sickness, and still more by their idleness and 
wastefalness, the result of their low moral feeling and want of 
self-respect. Large factory owners have often admitted that 
whatever they have spentin improving the education and social 
eondition of their workpeople, has been a most profitable invest- 
ment; and surely, among all the positive conditions of improve- 
ment, none are во powerful as a clean, comfortable, and healthy 
dwelling." 


Want of prevents our entering further upon the contents 
of Mr. Hole's work ; in our next we shall endeavour to mak 
our readers fully acquainted with its great value. ? 


——ф-— 


ENGINEERING IN AUSTRALIA. 


The Williamstown Graving Dock.—Since the completion of the 
main trank line of the Victoria rai.ways, comparatively few 
engineering operations of importance have been undertaken either 
by the government or by private individuals; nevertheless, one 
or two works of magnitude have been commenced, one of the 
most noteworthy of which is, the Williamstown Graving Dock. 

The want of a graving dock in the vicinity of Melbourne has 
long been felt, and many have averred that the interests of the 
ри have suffered in consequence of vessels of large tonnage 

ving to go to Sydney, or even to the United Kingdom, in order to 
effect repairs which, but for such a want, might with advantage 
bave been conducted here. 

This inconvenience is now about to be remedied, the colonial 

vernment having determined to expend a sum of about £100,000 
in the constroction of a dock at Williamstown. The site was 
chosen во as to render available, as a foundation, a mass of porous 
basalt rock known to exist there, which is much better suited 
to support the great weight of masoury than the shifting sands 
at Sandridge, on the other side of Hobson’s Bay, are. The work 
is to be completed in several distinct contracts, and ін expected 
to be finished in three years’ time. The reason why it will tae 
зо long to construct is, that the work is to be a yearly progressive 
one, and its cost to be defrayed by a sum placed on each year's 
estimates sufficient for the purpose. 

The first contract, which has been taken by Messrs. T. Glaister 
and Со. involves the construction of 100 feet in length of the 
dock (including the bead wall), the amount of the tender for 
which is £23,000. The dock is to be 450 feet long, 50 feet wide 
at the bottom, and 80 feet at the top. The side walls are 

rovided with seventeen courses of steps, each 18 inches high. 

he bottom of the masoury rests on a bed of Portland cement 
concrete, 2 feet thick; above this comes the invert in two courses, 
one % feet, the other 3 feet deep. The total height of masonry 
in the side walls is 32 feet, and all the upper courses are 
joggled together with 6-inch cubes of the same stone as is used 
in the construction of the rest of the dock. 

The material with which the dock is constructed is that 
known in the colony as “bluestone,” a hard, heavy, extremely 
durable basalt, easy to work, and geologically of very recent date. 
This material is extremely abundant, and can be obtained in 
good sized blocks, some of those used at the dock weighing as 
much as 7 tons. 

Some difficulty has heen experienced from the great influx of 
water from the sea, and this will probably become still more 
serious ав the work advances sea-ward; at present а No. 4 
Gwynne's centrifugal pump, actuated by a 12-horse engine (a 
Clayton and Shuttleworth’s portable) suffices to keep it under 
by dint of working night and day. Another difficulty arises 
from the large clay-holes that occur in the rock on which this 
part of the dock rests The entrance to the dock will require, 
before it can be commenced, the construction of a large coffer- 
dam, and is intended, when the dock is completed, to be closed 
by means of a caisson. 

The construction of the dock is being carried on under the 
supervision of the Public Works Department, and the plans 
were drawn by the gentlemen in that division ofthe public service. 

It is worthy of note that the Williamstown Graving Dock is 
the first pieoe of work done in the colony, in the construction 
of which steam overhead travellers, now so common in England, 
have been brought into use. 
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MATERIALS MOST APPROPRIATE FOR LONDON 
EXTERIORS, 
By J. босаһавв Матнкиз, А.БІВ.А. 


Menmoens of the architectural profession are not unfrequently 
censured for allowing their noble art to degenerate into а mere 
fashion of the time, and its purity to be sacrificed to meet the 
questionable taste and caprices of those who are ignorant of its 
true principles. In reply to this accusation it should be urged 
that as population increases, trade and commerce also increase, 
that the necessities of the community must be considered, and that 
architecture as a creative art must be subjected to changes 
ape to the requirements of the population, even though it be 
at the sacrifice of some of its characteristics, In no way can this 
be better shown than by comparing London of the past with 
London of the present. It requires no little stretch of the 
imagination, when we traverse the busy streets of the Metropolis, 
with the double lines of perfectly vertical houses, erected on the 
regulation principles laid down by the Building Act; to picture to 
ourselves the habitations of our forefathers some two centuries 
and а half ago—when each successive story overhung the one 
immediately below, so as nearly to obscure the clear light of day. 
To fancy the old quaint and picturesque half-timbered buildings, 
with their low-fronted shops, and with no better means for the 
display of marketable commodities than a board, which was made 
to do double duty—as a stall by day, and a shutter by night; or 
the principal story, with its small panelled wainscoting and its 
thick mullioned windows, the casementa thereof filled with semi- 
opaque glass; aud then to contrast АП this with the Metropolis of 
the present age—when each newly-erected building ів endeavour- 
ing to surpass its predecessor—and stone, metal, glass, and 
colour, are almost indiscriminately pressed into the service of the 
builder, in order to attract the attention of the passenger, or 
to serve as a publication of the importance or wealth of its 
occupier. It cannot be doubted that the houses of the olden 
time were as beautiful in the eyes of their architects, and as well 
suited to the requirements and circumstances of their owners, as 
those of the present time are to theirs; and however much we 
may be influenced by artistic feeling and Mediæval predilections, 
ihere are few that would consider the London houses of the 
seventeenth century fitted for the uses and habits of the present 


у. 

Necessity often compels men to do much which their taste and 
judgment would condewn; and the architect is not always to be 

lamed Гог carrying up his building toan immoderate height, 
and apparently supported at ita base by enormous plates of tae 
between slender piera, when, if left to follow the dictates of his 
fancy, governed by the true principles of art, he would limit it to 
а proportionate height, and give to it, not only the reality, but 
the appearance of stability—introducing such an amount of 
appropriate decoration as would give the emporium of commerce 
the lightness and elegance of the dwelling house. 

At no period since the great fire of London, in 1666, has 
rebuilding been carried on to so great an extent as during the 
last few years and at the present time; aud probably at no former 
period has the art of architecture been so greatly appreciated by 
commercial and mercantile men in their buildings as now, for 
there are but few who consider their capital well expended 
without their new buildings possess some ‘considerable archi- 
tectural pretensions, 

The present value of ground in London, and especially in the 
City, bears no proportion to its value formerly. Then, the annual 
value of the building was determined by the cost of the erection, 
with a comparatively small addition for ground rent. Now, the 
reverse is the case, and the capitalist has to calculate the amount 
of rent he is likely to obtain by the occupation of every available 
portion of his premises (in height as well as surface), before he 
can venture to purchase or rent the ground upon which they are 
to stand; and а few hundreds spent in external display are 
found to be productive of a large increase to the annual retarn. 

Perhaps there is no subject more difficalt to an architect 
to design than many London exteriors, of which the following 
particulars may be taken as an example. Тһе site has а very 
narrow frontage, and that in an equally narrow street, the 
adjoining and opposite houses having ancient light, which must 
be respected in order to avoid threatened injunctions, or claims 
for compensation for diminished light and air. As much light 
must be obtiined in the building itself as is possible. Every 
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irch of space must be economised; and as the Commissioners of 
Sewers scarcely allow an inch projection on the public way, there 
ie little room for поета prejestiou. 

In cases of this kind it is obvious that the truly orthodox 
Classic style (with the exception of the rigid Grecian, so prevalent 
about 40 years ago) would be inadmiseable. The five orders placed 
one above another would be absurd; a bay of a Florentine 
palace, whose character is breadth and grandeur, would be 
inappropriate; the true Ecclesiastical Gothic altogether incon- 
gruous; and a IRR of the dwellings of the seventeenth 
century but ill adapted to the requirements of this age. 

What then is to bedone? Light being so essential, the new 
а Пт must have no extremely prominent parta casting their 
deep shadows over the upper portions of the windows, and thus 
the effect which is given to buildings situated in open spaces, 
and which contributes so largely to the author's design, cannot 
be obtained for him in a city street. The architect, deprived 
thereby of the opportunity of giving relief to his design by the 
contrasts of light and shadow, is compelled to resort to some means 
by which the otherwise extreme simplicity and plainness ofthe front 
of his building may-be relieved, and which shall harmonise with 
the general design. This relief may be obtained by a judicious 
use of materials that not only possess, but retain pure and 
brilliant colours. The consideration therefore of the materials 
best adapted for London exteriors, both for durability and 
appearance, may well form the subject-matter of an essay at a 
time like the present; and in treating the subject we shall divide 
it into two parts, viz., constructive and superficial. In the former 
will be comprised those materiala which form part of the structure, 
as stone, brick, wood, iron, &с., and in the latter, those which are 
Applied after the building is erected, as cement, encaustic tiles, 
and other ceramic manufactures, mosaic, &c. 

In stone most architects have a material which will generally 
satisfy them more than any other, and especially in London, 
where there is every opportunity of procuring stone of all kinds, 
the easy transit by rail and water offering great facilities. In 
its use an architect is left unfettered: he is not limited to a par- 
ticular thickness in the members of cornices and other mouldings, 
which is the case with brick, and so frequently interferes with 
the correctness of his design; if he desires minuteneas of detail, 
the material will readily allow of it; if he wishes to introduce 
variety in colour, he can have it in the glorious hues of the 
English stones, But while these are some of the advantages, 
there are cthers which prove disadvantageous to the use of stone 
as a building material; among these the principal are its cost, and 
the difficulty of procuring such stone as will resist the action of 
the weather Rud the London smoke. Тһе obtainment of that 
boldness of design which is necessary to give grandeur and 
effect to a stone facade, is rarely to be met with in a London 
exterior. қ 

Although stone may be had іп London at а very moderate 
price, yet it cannot be an economical material unless its compo- 
nent parta are such that will stand the atmosphere; and the 
stones which alone can do this, are brought from a distance, and 
аге so close and heavy, that the charge for carriage and increased 
labour in working, swells the amount so considerably as to pre- 
vent its universal use. 

The stones mostly in use are the sandstones and limestonea. 
The majority of the former are composed of quartz sand cemen- 
ted together by some foreign compound substance; when this is 
silica, they will be almost unchangeable by the effect of the 
atmosphere, but more often with carbonate of lime and clay, 
which are easily worn away by the actiou of rain, and soon allow 
the stone to be disintegrated. Laminated stones are generally 
liable to decay, being composed of mixed grain, and formed in 
water frequently give off water in evaporation when exposed to 
the air, and absorb it again when rain comes, and are also very 
susceptible to frost. The Craigleith stone of Edinburgh is the 
most durable sandstone, and the Yorkshire beds stand next in 
order, while generally the red stones are the least durable, being 
frequently combined with carbonaceous clay. It is a matter of 
regret that sandstones should prove so treacherous, as there are 
few limestones that have the fine deep tones common to sand- 
stones. Much of the enchanting character of ruins, во delightfal 
to an artist and antiquary, is due to the use of sandstones; as 
however an architect is not required to build ruins, he must use 
stone on which he can depend. 

Limestones are of two kinds: the carbonate of lime, and the 
earbonate of lime and magnesia. The former comprises amongst 
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others the oolitio stones of Portland, Ketton, Ancaster, and 
Bath. The latter includes the stones of Yorkshire, Derbyshire, 
Bolsover, Mansfield, and others. If it could be ensured that in 
the magnesian limestones there were equal parts of carbonate of 
lime and carbonate of silica, they wonld be valuable, but for 
want of this they often prove very treacherous, as ie evidenced 
by the stone used in the Houses of Parliament, which is from 
the Anston quarries in Yorkshire, and was considered to approach 
closely to the Bolsover stone in Derbyshire, which occupies & 
high place in magnesian limestone both theoretically and pes 
tically, but on account of the beds being too thin was considered 
useless in building the Parliament Houses. In reporting on the 
decay of the stone used, the committee appointed by the House 
of Commons states, “That it is obvious that, although some 
varieties of magnesian limestone are an excellent and durable 
material when not exposed to the deleterious influences of a 
London atmosphere, yet that in London it is subject to causes of 
decay which render it an undesirable and unsate material for the 
construction of public buildings.” The same committee in speak- 
ing of Portland, says, “ It is equally obvious, that Portland stone 
well selected has been used in buildings in London from the date 
of St. Paul's downwards, and under circumstances of great expo- 
sure, and with most successful results. Portland stone is a 
material to be obtained in any quantity, in blocks of апу size, 
beautiful in colour and texture, reasonable in price, not by any 
means as bard as Ancaster stone, and yet with a power of resist- 
ing the influence of the London atmosphere that leaves little to 
be desired. It must be remarked that Portland stone should be 
carefully selected, an operation which would be most satisfac- 
torily effected by an agent at the quarries." 

This latter clause suggests an important hint, and it should 
always be remembered that the particular bed as well as the 
quarry should be inquired into; this is readily seen by inspect- 
ing the river front of Somerset House, built with Portland stone 
by two different masons, the lower portion being perfectly black 
&nd sound, and the upper part very white and with scarcely & 

ood stone. If the choice of the stone is entrusted to the mason 

e will frequently use the softest, as being the easiest to work 
and making the cleanest job when completed. Portland has not 
only the advantage of being the most lasting stone, but also in 
being capable of sustaining a greater weight than almost any other. 
Tisbury stone is a limestone. Bath atone, although justly 
celebrated, is scarcely to be depended upon for London buildings. 
If it were possible for stones to be quarried, and worked some 
months before they are set, there would be far less decay, as the 
outer surfaces would so harden as to prevent the entrance of rain 
and frost to a considerable extent. 

The chief reasons why the atmosphere of London is so destrue- 
tive to stone and other materials, are, that a great quand of 
carbon and sulphur is discharged by the lungs of the inhabitants, 
and by fires (tbe combustion of coals for the latter exceeding 
three million tons per annum in London); the soot readily adheres, 
and if not speedily removed, soon commences the work of decom- 
position. The removal is scarcely ever ee except by 
rain, which in its downward course is affected by the solid вцЪ- 
stances floating in the atmosphere, soluble in water, Aud gene- 
rally containing carbonic gas, sulphuric acid gas, and sujphate of 
ammonia, which together form a coating which soon acte on the 
cementing medium of the stone. The more absorbent а tone із, 
the sooner it will decay, as in winter especially it hobis the 
water, which soon freezes and in the expansion incident hereto 
breaks the stone to pieces. Much decay may be právented 
by protecting the more exposed en by lead, and in 
occasionally washing by the hose of a fire-engire, or otherwise, 
the more sheltered parts, which generally decay the sponest, 


вв the sooty incrustation is seldom disturbed by the w ог 
weather. я 
The question of the preservation of stone, either by a doating 


of some substance which will form a species of waterprooff, or во 
to modify the chemical condition of the surface as to make the 
softest stone as hard as an imperishable rock, is a very difficult 
one, and one which time alone can determine. 


cement would answer all purposes and be considerably cheaper. 
Рапзотев process seems to be the best, and has so far proved 
successful: it consists of coating the surface with a во! оп of 
soluble silicate, and afterwards with в solution of chloridffa of cal- 
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eium, by which an insoluble silicate of lime is formed in the body 
of the stone or other material. 

Іп deeigning а stone ов breadth should be studied as 
much as possible, as nothing looks more unsatisfactory than 
narrow stone piers, which at once denote apparent weakness in 
that material, which ought most of all to give the appearance of 
solidity and strength.  Intimately associated with sand ani 
limestones are those older and harder materials, granite, and 
serpentine, and also marbles, which lend so great a charm, aud 
often brighten up a design that would without them be cold and 
cheerless, and which also offer so ready an escape for the evil just 
complained of, in using а narrow stone pier, by subatituting a 
column of stronger material, whereby no room is lost, and a far 
more pleasing and satisfactory effect is obtained. 

Granite is 4 material abounding in England, Scotland, and 
Ireland, aud can be obtained of slmoat any colour. It has the 
advantage of being as little liable to decay as any material, being 
composed of crystalline matters, and almost unabsorbent and but 
little exposed to injury, it is capable of taking and retaining a 
good polisb, which is evidenced by many specimens used ех- 
ternally in London many years since. The material being of 
such а hard nature, aud therefore expensive to work, will effec- 
tually prevent its being ornamentally worked to any considerable 
extent When ornament is introduced, it should be incised, as 
roost suited to the material. А simple but very effective mode 
of obtaining ornament has recently been adopted at the new 
offices of the Royal Insurance Company in Lombard-street, where 
the mouldings round the principal doorway are of polished 
granite, and the ornament apparently worked afterwards, and left 
rough from the chisel. The cost of granite, considering the diffi- 
culty of working and its weight in transit, is not great, and 
doubtless, as it becomes more largely used and more machinery 
is brought to bear in éutting and polishing, the expense will be 
greatly reduced. 

Serpentine is a material that is said to offer complete resist- 
ance to the London atmosphere. Its chief ingredients are silica 
and magnesia; being very close grained, it is capable of bearing 
an excellent polish by friction, which it is said to retain perma- 
nently. Like granite, it can be obtained in almost any colour, 
and of moderate size. Although its advantages render it very 
desirable for use where it can be closely iuspected, it cannot be 
generally recommended for external use, on account of ita heavy 
appearance, as street dust will soon aceumulate and form a 
coating even on polished material, and this would soon obscure 
the beautiful bat small veins with which it abounds. Its cost is 
somewhat more than ordinary granite. 

It would be almust an impossibility to enumerate the marbles 
which are to be found in the United Kingdom. The Irish, Der- 
byshire, Staffordshire, Somersetshire, and Devonshire are those 
best known. А visit to the Museum of Practical Geology, in 
Jermyn-street, will give some idea as to the infinite variety of 
colour to be obtained by their use; there seems little reason 
why, with such beautiful materials so near at hand, Italian 
and other Continental marbles should enter so much into 
the construction and beautification of English buildings as at 
preeent. 

Marble, as а rule, wil! stand the London atmosphere, although 
in some, especially the Derbvshire, there are small crevices into 
which the rain enters, and in time causes decay. It is not pro- 
ЪаЫе, however, that marble will ever enter largely into external 
decoration, as, although capable of taking a polish, it will not 
long retain it when exposed to the atmosphere; and the mere 
fact of using marble without being permanent and lasting 
(neither of which it can be for long without polish), is an useless 
expenditare. 

any experiments have, from time to time, been made, and 
patents obtained, for the manufacture of an artificial stone, by 
which science endeavours to make up the deficiency existing in 
nature; but these, with few exceptions, have to be fired, 
which renders the process expensive; and, unless great care is 
bestowed, the materials will be imperfectly burnt; and, when 
1aoulding and other delicate portions are required, are very 
liable to twist in the process. 

M. Coignet manufactures an artificial stone, composed of 
sand, grey lime, aud Portland cement, mixed with a little water, 
and allowed to consolidate in moulds. This material has been 
in use largely in France since 1859, and a church near Paris 
iw said to be entirely built of it. This process seems a difficult 
one, and its success must depend on the proper slaking of the 
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lime, and the purity of the Portland eement,—difficultiea in 
London, at least, almost insurmountable. 

The material, however, which seems to combine excellence 
with cheapness, is that patented by Mr. Ransome, called “ con- 
erete stone" (prizes for designs іп which were offered by the 
Company to our Association last year.) It consists of sand mixed 
with silicate of soda and water in a mill, from which it emerges 
a thick paste ; it is then immersed in chloride of calcium. A 
chemical combination at once takes place, which firmly cements 
the sand, and a true sandstone is formed impervious to the 
action of the atmosphere. Its colour is good, and it can be 
moulded into almost any form, und, if required, undercut as 
much as ordinary stone. It hardens very quickly, and is ready 
for use soon after itis made. Тһе cust of manufacture is small, 
all the materials being close at hand; and this, with the addition 
of the strong opiuions expressed in its favour by some of the 
most eminent chemists, cannot fail to bring it sooner or later 
into very general use. From experiments made, it is found 
capable of resisting a greater pressure even than Portland stone. 

The material, however, which must occupy the architect’s chief 
attention is Brick; for, great ав may be the advantages offered by 
the foregoing and other materials, they are all more or leas expen- 
Bive,—h great cause for which is the cost of carriage; whereas 


-clay abounds in and around Loudon to an almost endless extent, 


and is easily converted into brick, in the manufacture of which 
it obtains the double advantages of being a durable and cheap 
material. 

No manufacture is more ancient than that of brick, and it ie 
worthy of remark that, in whatever country clay was found, its 
buildings were generally of brick rather than stone; and it is 
surprising, considering its extensive use, the art of brickmaking 
has not, until quite recently, taken its proper position among the 
arts and sciences. 

Much has lately been done in the way of improving both the 
material and the setting, but there is still much remaining to 
be done; but at the present time, when such millions of bricks 
аге being consumed by our great eugineering works, it ів pro- 
bably too much to expect; but if some manufacturer could be 
found, willing to take up the matter as an art, he would find 
ample scope for his exertions, and would doubtless in time be 
crowned with success. 

The advantages of brick are numerous, but care must be 
taken not to overrate them. While calling in its help to give 
colour in his façade, the architect must be cautious as to ita use ; 
and, while employing it ornamentally, must be careful that the 
ornament is adapted to the material. This is of importance, 
and warrants special attention. Some of the disadvantages of 
the bricks at present in use are their coiour, size, and coarseness, 
and also the unevenness of their sides and edges. 

Everyone must have remarked in passing through our streets 
the frequent failures in brick buildiugs from the want of harmony 
prevadiug them, and this is in a measure unavoidable; the 
imited colours which can at present be obtained frequently 
neceasitate the employment of опе colour throughout, or relieved 
sometimes by bands of bricks of a strong contrast, or by cutting 
up the surface into a variety of forms and of various colours, 
whereby all breadth, depth, repose, and harmony are lost. In 
the present day, when science and art work so harmoniously 
together, it is not too mach to hope that ere long we may have 
bricks of a variety of colours, во that a correct polcyhromatic 
effect may be obtained when desired. The want of this desidera- 
tion is much felt in London, perhaps more во than anywlierg 
else; as in a narrow street red or dark colored bricks would be 
out of taste, aud the only alternative, therefore, at present. is 
cream or yellow as a facing. я . 

The size of the bricks is a great impediment in design, for 
although most useful in carrying out the requirementa of the 
Building Act as to the thicknesses of walls, it fetters the archi- 
tect greatly in composition; and this is showu by the dispro- 
portiouate forms adopted in wany buildings, whereby the effect 
18 sought to be obtained wholly by coloured brick. So long аз 
this impediment із allowed to exist, so long will buildings lack 
that purity of form во distinguishable in those of the aucients. 
Correct form and proportion must be primary; ornament, 
colour, and decoration are (though important) secondary con- 
sideratious. 

While the Act of Parliament was in force restricting bricks to 
one sige, we can readily understand why no endeavour was.made 
to alter it; but now that it is altered, it isa matter of regret 
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that other sized bricks, capable of being worked in with the 
common stocks, are not more generally manufactured. Bricks of 
about the thickness of tiles could be very advantageously used 
as bands, and often with better effect than an ordinary course of 
bricks. To borrow a suggestion from Mr. Harris, contained in a 
lecture before the Association, “ Bricks 138 + 9 or 9 + 9 would 
afford a good opportunity for a sunk ornament being stamped, 
and filled in with a clay of another colour, and burnt together ;" 
or even stamped without the introduction of the filling, and in a 
variety of other ways. 

One thing especially should have the careful attention of an 
architect in his London buildings—namely, detail. Не has 
seldom the advantage of breadth, or the help of nature, to make 
up for plainness aad coarseness of detail, which is often the case 
iu the country, and he must remember that his building has 
only itself to rely on ; it is not, only that portion that meets the 
eye of the passer-by that requires the careful study, but also the 
upper details. This is frustrated, in a great measure, by the 
bricks at present in use, and especially where they are used 
decoratively as well as constructionally; and on this account 
many a design, good in itself, has been entirely spoilt by being 
carried out in a coarse material. 

Itis with great difficulty that a brick-front is worked neatly 
without the aid of tuck-pointing; this is, or ought to be, inadmis- 
sable, especially where colour is used, as it seriously cuts up the 
design, and destroys all breadth and harmony. When bricks are 
used as projections in string-courses, pilasters, &c., they ought 
to be first squared and rubbed, which, however, adds greatly to 
their cost, and does not, after all, make satisfactory work. In 
moulded bricks this is especially necessary on account of the 
inequality in burning. The coarseness of the surface, however, 
forms probably the chief ground of complaint. Тһе roughness 
allows the soot and other matter with which the London atmo- 
sphere is charged to lodge on their face, which, instead of being 
washed off by the rain, becomes a paste, aud fills the pores of the 
brick with the coating previously hanging on it; therefore, 
notwithstanding that a brick front may, when finished, satisfy 
the udmirers of colour, yet aftera time the whole effect is lost, 
the bricks soon losing their colour, and darkening unequally; 
this is especially observable where red bricks are used in combi- 
nation with white or yellow malms—the former being frequently 
pressed, and consequently not во porous as the latter, retain their 
colour for a much longer period. 

Induration is put forward as a remedy, by filling the pores of 
the brick with a coating impervious to the weather, and 
doubtless it does succeed to some extent; but the great want 
still is—a brick well, truly, and squarely made, with a slight 
glaze on ita surface. Bricks of this description were in use in 
Nineveh aud Babylon, and more recently in some of the older 
buildings at Harrow and its neighbourhood. Bricks with a 
very high glaze for wall linings, &с., are manufactured by 
Messrs. Minton; but both on account of their cost (upwards of 
18. each) and their high glaze will always prevent their use as an 
external material. It may be objected that buildings faced with 
glazed materials would fase an unpleasant appearance when 
seen in any other way than in direct elevation, as their glaze 
would reflect the light; bnt it is à question worth consideration, 
which is the least evil? It has been said that the sun is never 
visible in London, and in some streets this is almost true; but 
at any rate almost every house is in the shade or fog more than 
half the year. If а glaze could be given to bricks similar to 
thaton common stoneware, а great and lasting good would be 
accomplished, aud nothing would do more to relieve the streets 
of London from their dreary, gloomy, and in some enses almost 
dejected appearance. While hoping that such materials will 
soon make their appearance, a little careful study in detail would 
not be thrown way. An hours careful designing will often 
produce more variety in brick forms than is generally thought. 

Terra-cotta forms a valuable adjunct to a brick building; 
being capable of receiving almost апу amount of ornamentation, 
and having the additional advantage of being impervious to the 
atmosphere. The real meaning of the word “is burnt earth.” 
Its components are chiefly clay, flint, glass, and fossils, the latter 
containing phosphate of lime. These are crushed and pounded 
together, aud formed into a paste, with the addition of a little 
water; then ground in a mill, and afterwards thoroughly beaten. 
It is then modelled into the forms required, and allowed to 
harden; afterwards put into an oven, which is heated sufficiently 
to partially vitrify it, and then allowed to cool gradually, and 
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withdrawn. Ца manufacture has existed for many centuries, 
and its durability is evidenced by the remains frequently brought 
to light. The cost of the production of terra-cotta is small, bat, 
like all other moulded articles, the chief cost is in the modelling. 
Its colour is a Аб recommendation, and harmonises well 
with brickwork. 16 has lately been used largely in construction, 
some examples beiug the buildings at the Horticultural Society’s 
Gardens, the Charing Cross Hotel, а church near Manchester, 
and a portico in Cumberlaud-street, Hyde Park. It is stated 
that the entire cost of the latter work, including modelling, was 
less than if executed in brick and common stucco. If this be 
во, its cheapness will greatly recommend it; but as a general 
rule this mnst not be taken as a guide. There are, however, 
disadvantages in the employment of terra-cotta which should be 
borne in mind in employing it as an ornamental material. 
There is always a great risk in firing, owing to unequal 
contraction. In the case of continuous moulding and ornament 
this is а serious drawback, as it is well nigh impossible 
for the various blocks so to join that the true line may be kept. 
Terra-cotta is also а brittle material, which must prevent its use 
where strength is required, and especially if exposed to jarring. 
If used externally in 4 damp situation, it frequently receives an 
unpleasant green tint, giving it the appearance of neglect and 
decay. Mr. Blashfield, of Stamford, has of late given much 
attention to the subject, and has succeeded in ап admirable 
manner. There is no doubt that, like most other manufactured 
Articles, terra-cotta will improve as it becomes more generally 
used. 

Notwithstanding that, as a rnle, iron as an external building 
material is objected to by architects in Loudon exteriors, its use is 
frequently thrust upon them. It is impossible to defend it in an 
artistic point of view, as its wiryTines ever give the appearance of 
weakness, notwithstanding its actual stréngth. The chief recom- 
mendations are—strength, tle power of spauning large openings, 
and occupying less space than other materials, all of which are 
advantages that demand attention, especially where every inch of 
room gains additional rent, and every foot of window light 
proportionately reduces the gas bill. The present Building Act 
precludes its use to any considerable extent, but there are means 
of getting over this difficulty. It therefore becomes every archi- 
tect to take the matter up carefully, ever bearing in mind that 
the fundamental principle in its use should be truthfulness. Cast- 
iron admits of much ornameutal treatment, but all ornament 
should be suited to the material itself, and not mistaken for stone 
or other treatment. Wrought-iron may be ornamented to almost 
any extent, and, if desired, an iron structure may be so designed 
as to allow of the use of tiles, majolica, and other materials as 
panels. 
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PARIS IMPROVEMENTS. 


THE expenditure of the City of Paris, apart from that of the 
State, for works of public utility during the present year is given 
officially at two hundred millions of franca, or eight millions 
sterling. The application of this sum is as follows:— 


"E 
Public promenades and plantations 1,280,000 
Water supply and sewers... sl ees oe, 1,320,000 
Religious edifices, hoapitals, municipal buildings, 2,400,000 

and public schools... ds E .. ЗАР 
Road work ... аза 8,000,000 
£8,000,000 


Of all the publie works the sewers are beyond question the 
most important and the most difficult of execution, and the 
progress which bas been made during the last-few years, not only 
iu the extension but in the improvement of the system of these 

t outlets of impurity is one of the most important facts in the 

istory of Paris. It appears that in the year 1860, the total length 

of all sewers of the city was 15,386 métres. The additions made 
since are as follows:— 


Mttres, 

From 1800 to 1831 there were constructed new] 2019, 
ы sewers equal іп extent to ak 

1832101839  ... ... eos se 50,870 

1840 % 1847 27,804 

1848 to 1849  .. T E ase 5,925 

1850 to 1855 .. aes са onde 21,798 
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Б Metres. 
In 1856 —- yox — ar, же» 8,528 
1857 Ves а ane E т" 10,999 
1858 Ves sia жый see E 4,436 
1859 PM " wae а 22 ats 18,383 
1860 ses as БЫ god m" "m 19,944 
1861 55 iss ias dd. 45% я 20,079 
1862 eee ЕЕ за Да си дас 80,057 
1888 ди ЕКА 2 dem dus ме 80,682 
1864 m bes да iis m. сд 39,227 
In addition to the above, the branches for the service 16,559 
of private establishments ашош to Ee ... , 


The whole amounting to 388,451 métres, or more than two 
hundred aod thirty miles in length. 

Another new public garden is about to be formed in tho four- 
teenth arrondisement of the city. "Thesite selected is the plateau 
of Montsouris, an elevated spot commanding the valley of La 
Bièvre and affording a fine view of Paris and the surrounding 
eountry. The Parc of Montsouris, will be connected with the 
main boulevards of the city by a road forty metres wide, to be 
caled the Boulevard Jourdan, and will be approached from 
other quarters by four other roads, two of twelve and two of 
twenty-two metres in width. The new park will cover an extent 
equal to nearly forty acres; the park of the Buttes Chaumont, now 
іп course of formation, covers fifty acres, the Bois de Boulogne 
and the Bois de Vincennes are respectively 3000 and 3100 acres 
in extent. 

Immense works are now under hand, with the special view to 
the improvement of the approaches to the Exhibition of 1867. 
The whole of the steep hill known as the Trocadéro, and which 
extenda from the old village of Chaillot to Passy, is beiug cut 
dowr, and three new Boulevards will shortly pierce this hitherto 
inconvenient suburb, and" connect it directly with the river and 
the Champs Elysées. Theenormousquantity of rubbish supplied 
by these works is being carted to the Champ de Mars, to form а 
foundation for the new Exhibition building. In connection with 
this great work may be mentioned the widening of the Bridge of 
Jena, which will correspond with the main axisof the Exhibition 
building; the pathways are to be added to the roadway, and new 
footways constructed on each side ot the bridge. Opposite this 
bridge, on the side of the Champs Elysées, will be a fine open 
space, enlled the Place Josephine, and in which will stand the 
statue of the Empress. There are six churches st the present 
moment under construction, two large structures, both nearly 
finished, in the heart of the city, and four in the outskirts. 

Next to the new series of sewers, and infinitely more open to 
publie appreciation, the new markets will probably be the most 
striking works which the municipal government of Paris will 
Бате to show the world іп 1867. Тһе great central halles, ог 
market, witb its broad streets all under cover, (which has already 
been described in the Journal,) is rapidly approaching completion, 
and will be certainly the finest establishment of the kind іп the 
world; the market of the Temple and that of St. Honoré, situated 
in the very heart of the city, have been entirely reconstructed, 
four or five others have been greatly improved, and six new mar- 
kets, to replace those which have been demolished, are now being 
erected in the same style as that of the great central market, that 
ia to say, on columns of cast-iron, supporting lofty, well-lighted, 
and well-ventilated roofs formed of iron, zino, and glass, with 
extensiva cellars for the storage of stock and materials, and sup- 
plied with water and drainage in the most complete manner. 
Two otber markets are alao under consideration, and by the time 
the great Exhibition opens there will probably not be a specimen 
left of those assemblages of dirty huts which formed the old 
marketa, and supplied refuges to myriads of rats, and so were 
many sinks of pestilence. Two of the six new markets now 
under construction, cover respectively areas of 2000 and 2700 
equare yards. 

__ 


INSTITUTION ОҒ CIVIL ENGINEERS. 


Dec. 12.—The Paper read was on “ Experiments on the Strength of 
Cement, chiefly in reference to the Portland cement used. in the Southern 
Main Drainage Works.” By Jonn Grant, М. Inst. С.Е. 


This communication related to an extensive series of experiments, the 
results of which were recorded in veluminous tables forming an appendix 
to the paper, carried on during the last seven years, with a view to insure 
за far as possible that only cement and other materials of the best quality 
should be employed in the Southern Main Drainage works, of which the 
author had charge as resident engineer. 
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As a preliminary step, samples of Portland cement were obtained from 
all the principal manufacturers for the pu of experiuent. The 
ave weight of these samples were found to be 108°6 lb. per bushel, 
and they sustained breaking or tensile strains, at the end of a month, 
varying from 75 lb. to 719 lb. upon 24 square inches. А clause was 
then inserted in the specifications to the effect that the Portland cement 
to be used in the works should be of the very best quality, and grourd 
extremely fine, weighing not less than 110 lb. to tue striked bushel, 
and capable of resisting a breaking weight of 400 lb. upon an area 14 
inch square, equal to 24 square inches, seven days after being made, 
and after being immersed in water for the whole of that time. The 
standard was subsequently raised to 590 Ib. on the same sectional area, 
which was that used throughout the experimenta. During the last six 
years 70,000 tons of Portland cement had been used in these works, 
which extended over a length of 18 miles and had cost £1,250,000. 
This quantity of cement had been submitted to about fifteen thousand 
tests, at a cost of only five farthings per ton. The machine devised for 
showing the tensile strain was а lever balance, constructed by Mr. P. 
Adie (Assoc. Inst. C.E.), and its first cost was from £10 to £50. It 
was so simple that an ordinary workman could be trusted to test the 
cement, and the cost for labour did not exceed £80 per annum for each 
machine. 

The manufacture of Portland cement required extreme care in the 
admixture of its two aimple and well-known ingredients, clay and chalk, 
it being necessary to vary the proportions according to the quality of the 
chalk; thus, in white chalk districts, the clay formed from 25 to 30 per 
cent., and in grey chalk districts from 16 to 20 per cent. of the whole 
bulk. The manufacture was carried on almost exclusively on the banka 
of the rivers Thames and Modway; the clay, which should be as free 
from sand ав possible, being obtsined from the сгеекв and bays between 
Sheerness and Chatham. Long experience now enabled the clerks of works 
and others to detect the qualities of the cements by colour and by 
weight. Very strong Portland cement was heavy, of a blue grey colour, 
and set slowly, in fact, the longer it was in setting the greater was Ив 
strength. Quick-setting cement had generally too large a proportion of 
clay іп Иа composition, was brown in colour, and turned out weak, if not 
useless. In the first schedule of prices 2s. 3d. per bushel was inserted; 
but this was far above ite present market value. 

But the testa were not alone sufficient. It was essential that constant 
supervision should be exercised to insure that only clean and sharp saad 
should be mixed with the cement; that the cement was only supplied 
with sufficient water to reduce it to a state of paste, which was best 
accomplished by means of a perforated nozzle at the end of a pipe or 
watering can; that the bricks or stones were thoroughly seturated with 
water, во that in setting the cement might not be robbed by absorption 
of the moisture necessary for ite perfect hardening; and that a current 
of water waa prevented from passing over the cement, or through the 
jointe, during the progress of setting, as this would wash away the 
soluble silicates. 

The resulte as а rule were the average of ten testa, the samples being 
immersed under water from the time of setting to the time of testing. 
The tables showed that, during the last six years, 1,369,210 bushela of 
Portland cement had been submitted to 11,587 testa, and that the 
cement was found to be of the average weight of 114:5 10. por bushel, and 
to possess an average tensile strength of 6038-6 1b. upon 24 square incher, 
being 614 and 21 percent. in excess of the two specified standards. It was 
also ascertained that, provided Portland cement be kept free from mois- 
ture, it did not, like Roman cement, lose its strength by being kept in 
casks or in sacks, but rather improved by age—a great advantage in the 
case of cement whioh had to be exported. Experiments, conducted over 
periods varying from one week to twelve months, with Portland cement, 
weighing 112 ib. to the imperial bushel, gauged neat and mixed with 
varying proportions of different kinds of sand, showed that neat cement 
was stronger than any admixture of it with sand; that mixed with an 
equal quantity of sand (as had been the case throughout the Southern Main 
Drainage Works); the cement might be said to be, at the end of à year, 
approximately three-fourths of the strength of neat cement; that with 
two, three, four, and five parts of sand to one of cement the strength 
waa respectively one-half, one-third, one-fourth, and about one-sixth that 
of neat cement. Other experiments sbowed that at the eud of twelve 
months, neat cement kept under water in а quiescent state was about 
one-third stronger than that which was out of water, both indoors and 
exposed out of doors to the action of the weather; that blocks of brick. 
work, or concrete, made with Portland cement, if kept under water until 

uired for use, would be much stronger than if allowed to remain dry; 
бер that salt-water was as good for mixing with Portland cement as fresh 
water. Bricks of neat Portland cement, after being made three, six, and 
nine montbs, withstood a crushing force of 65, 92, and 102 tons 
respectively, or equal to the best quality of Staffordshire blue bricks; und 
bricks of cement mixed with four and five parts of sand, bore a pressure 
equal to the best picked stock bricks; while Portland stone of «similar 
size, bore on its bed a crushing weight of 47 tons, and against ita bed 
somewhat less, and Bramley Fall stonc sustained on Ив bed 93} tone, 
and against Из bed 54% tons. Portland cement concrete made in the 
proportions of one of cement to six or eight of ballast, had been exten- 
sively used for the foundations of the river wall and the picrs of the 
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reservoirs at Crossness, as well aa for the foundations generally both there 
and at Deptford, with the most perfect success. It was thought that it 
might be still more advantageously used as a substitute for brickwork 
or masonry, wherever skilled labour, stone, or bricks were scarce, and 
foundations had to be made with the least expenditure of time and money. 
‘Whenever concrete was used under water, care must be taken that the 
water was still, ав в current, whether natural of caused by pumping, 
would carry away the cement and leave only clean ballast. Roman 
cement, though about two-thirds of the cost of Portland was only 
about one-third its strength, and wag therefore double the cost when 
measured by strength. It waa, besides, very ill adapted for being mixed 
with sand. 

In conclusion, the author, whilst recommending Portland cement as the 
best article of the kind that could be used by the engineer or architect, 
warned everyone who was not prepared to take the trouble, or incur the 
trifling expense of testing, not to use it; as, if manufactured with im- 
proper proportions of its constituents, chalk and clay, or improperly 
burnt, it might do more mischief than the poorest lime. Further 
experiments were desirable, on the strength of adhesion between bricks 
and cement, under varying circumstances; on the limit to the increase 
of strength with age; on the relative strength of concrete made with 
various proportions of cement and ballast; and on the use of cement 
in very hot climates, where probably extra care would be required in 
preserving the cement from damp, and keeping it cool until the process 
of setting Бад been completed. On these and other important points, 
the author trusted that all who had the opportunity would record their 
observations, and present them to the Institution. 


The Annual General Meeting. 


Dee. 19, 1865.—It was remarked in the Report of the Council, that 
the position which the Institution had now attained must be satisfactory 
to all its members, and eminently so to those few atill living who, many 
years аго, when young men, laboured earnestly to secure for it a 
recognised place among the acientific societies of the Metropolis. They 
seemed to have anticipated that a time would arrive when, asa matter of 
course, every one in any way connected with the profession would belong to 
the Institution; for in the charter of incorporation granted in the year 
1828, as well asin Ше bye-laws and regulations based upon that charter, 
the designation ‘‘civil engineer” was made to embrace every branch of 
engineering except that devoted to the military art. It was well that 
this should be constantly borne іп mind, so as to prevent that which 
should ever be one united body being split up into sections. There 
seemed to be no reason why, at this time, any limitations should be 
introduced, or any restrictions be imposed, tacitly or otherwise, which 
might operate to render lesa comprehensive and complete the perfect 
embodiment of the profession in the Institution; and in that view efforts 
should be directed to consolidate all branches under опе corporation, and 
thus to add materially to the power, influence, and importance of the 
profession at large. 

There had been twenty-four ordinary general meetings during the 
past session, when twelve papers only, out of those submitted to the 
council, had been read, owing to the protracted and animated discus- 
sions to which they gave rise. Of these communications one-half had 
reference distinctly toforeign enterprises or discoveries, including—a 
description of Giffard’s injector, probably one of the most ingenious and 
scientific pieces of mechanism of modern times; an account ot the Docka 
aod Warehouses at Marseilles, where the imports amd exports were 
estimated to amount to three million tons per annum; a notice of the 
Chey-Air bridge, оп the Madras Railway, and particularly ав to the 
methods employed for raising the water out of the foundations; an 
account of the Drainage of Paris; and two Essays on the Decay of 
Materials in Tropical Climates, and the methods employed for arresting 
aud preventing it. At home, the works for the Main Drainage of 
London and tor the interception of the sewage from the River Thames, 
were fully detailed and illustrated; a description was given of the Great 
Grimsby (Royal) Docks, with a minute account of the enclosed land, 
entrance locks, dock walls. &c.; the particulars were recorded of a 
highly interesting experiment—the employment of locomotive engines, 
for passenger traffic, on the Festiniog Railway, a mineral line with a 
gauge of 2 feet only; the maintenance of Railway Rolling Stock was the 
subject of a useful communication, embodying the statistics for a period 
of thirteen увага, of ali the stock belonging to the North Eastern Rail- 
way Company; a careful and elaborate inquiry on Uniform Stress іп 
Girder work, suggested by & previous discussion at the Institution, and 
by which it was sought to be maintsined that uniform stress was 
perfectly consistent with the utmost economy of materials; and a 
description of the river Tees, and of the works upon it connected with 
the navigation. 

It was stated that arrangements had been made by which Volume 
xxii. of the Minutes of Proceedings would be in the hands of the 
members in February next, Volumes xxiii. and xxiv. in the months of 
May and August following, and Volume xxv. for the present session 
before the meetings were again resumed in November, 1566. 

In the belief that many members and associates of the Institution 
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were in the habit of making observations and experimenta, on subjects 
connected with engineering science, which were aeldom published, but 
remained as notes in memorandum books, and in time were lost, the 
council urged the members to contribute resulta of this kind, for the 
purpose of forming an appendix to the minutea. 

About three hundred volumes had been added to the library during 
the year; and a portrait of the late Sir William Cubitt, past president, 
by Mr. Boxall, R.A., had been received frorn his son, Mr. Cubitt. 

The tabular statement of the transfers, elections, deceases, and 
resignations, showed tbat the number of elections had been 142, of 
deceases 21, of resignations 5, and of erasures 8, leaving an effective 
increase of 108, and making tbe total number of members of all classes 
on the books on the 30th of November last, 1203. This was an increase 
of nearly 9 per cent. on the present number in the past twelve months. 

The deceases announced during the year had been:—Sir Jobn William 
Lubbock, Bart., Honorary Member ; Colonel Frederick Bloin, Frederick 
Braitbwaite, John Isaac Hawkins, Captain Gustaf Lagerheim, John 
Lewis, James Beauivont Neilson, Jacob Perkins, Frederick Walter 
Simms, and General Alexander Wilson, Members; George Abernethy, 
John George Appold, Matthias Wolverley Attwood, William Henry 
Richard Curll, William Johnson, Edwin Marshall, Benjamin Oliveira, 
Sir Joseph Paxton, John Francis Porter, Andrew John Robertson, 
and Douglas Sutherland, Associates. By the will of the late Mr. Ap- 
pold, whose interest in the welfare of the society was unflagging, pro- 
vision was made Гога sum of One Thousand Pounds being conveyed to 
the Institution on the decease of Mrs. Appold. 

An examination of the statement of receipta and expenditure showed 
that, during the year ending the 30th of November last, the receipts 
from subscriptions and fees alone amounted to £3950, ав against dis- 
bursementa of all kinds of £3511; while the income account was further 
increased by the dividends upon trust funds amounting to £353, and 
upon other investments (not being in truat) of £400, as well as by mis- 
celianeous receipts to the extent of £350. Twelve years ago, m the 
annual report for the session 1853-54, the total income of the Institution 
was estimated to amount to £1923, and the expenses exclusive of the 
minutes, to £1649. In the interval the receipts had been increased 
from subscriptions and fees more than twofold, and from dividends and 
other sources more than seven times; on the other hand, the disburse- 
ments, exclusive also of the minutes, had in the last year been £2086 
only, against the estimated sum of £1649 at the former period. The 
realised property of the Institution now comprised:—I. General Funds, 
£12,510 3a. 6d.; II. Building Fund, £2502 5s. 5d.; III. Trust Funds, 
£9970 12s. 7d., making a total of £24,983 1s. 6d. as against £22,541 
5s. 64. at the date of the last report. 

The Benevolent Fund established in connection with the Institution, 
twelve months ago, had since been fully organised, and a committee of 
management appointed, who would in due course have to report to the 
subscribers of the fund. It might, however, be stated, that the dona- 
tions actually received had amounted to £22,782 17в., and the annual 
subscriptions for 1865 to £712 16s., being in the former case a little in 
exceas of the sum promised, and in the other an increase of 30 per cent. 

A private bill to be submitted to parliament in the ensuing session, 
and for which plans had been deposited and the usual notices served, 
appeared calculated to affect very seriously the interests of the Inatitu- 
tion. Thia was in reference to that part of a project entitled “ Houses 
of Parliament Approaches,” which contemplated the compulsory pur- 
chase of all the propertyon the north side of Great George-street, 
including the house occupied by the Institution. The council felt it to 
be. their duty to direct attention to thie subject, believing it to be one 
which demanded serious consideration. 


After the reading of the report, Telford Medals and Telford premiums 
of Looks were presented to Messrs. J. W. Bazalgette, С. Reilly, E. Н. 
Clark, and Capt. H. W. Tyler, R.E.; Telford Premiums of ks to 
Messrs, Т. Hawthorn, E. Fletcher, E. Johnston, С. О. Mann, W. J. 
W. Heath, and J. Taylor; and the Manby Premium in Books to Mr. 
Н. В. Hederstedt. Я 

The thanks of the Institution were unanimously voted to the Presi- 
dent for his attention to Ше duties of his office; to the Vice-Presidente 
and the other Members and Associates of Council for their co-opera- 
tion with the President, and their constant attendance at the meetings; 
to Mr. Charles Manby, Honorary Secretary, and to Mr. James Forrest, 
Secretary, for the manner іп which they had performed the duties of 
their offices; as algo to the Auditors of the Acoonnts, and the Scrutineers 
of the Ballot, for their services. 

The following gentlemen were elected to fill the several offices on the 
Council for the ensuing year :---John Fowler, president ; Joseph Cubitt, 
Charles Hutton Gregory, Thomas Hawksley, and John Scott Russell, 
vice-presidents; James Abernethy, William Henry Barlow, John 
Frederic Bateman, Natbaniel Beardmore, James Branlees, Thomas 
Elhot Harrison, George Willoughby Hemans, John Murray, George 
Robert Stephenson, and Charles Vignoles, members; and Joseph 
Freeman апа John Kelk, M.P., associates. 
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ON THE PROPOSED NEW COURTS OF LAW.* 
By Тномаз Wessrer, Q.C. 


SITUATION AND AREA OF SITE. 


Wirain the district bounded on the north by Carey-street and 
Lincoln's-inn, on the south by the Strand and the Temples, оп 
the east by Bell yard and Temple-bar, and on the west by New- 
iun aud Clement’s-iun, is the site on which the Palace of Justice 
В to be erected, and,the Courts and Offices of Judicature are to 
bo coucentrated. Its clearance will be commenced forthwith. 
The approaches and appropriation of the site are the questions in 
which the public and the profession are now most interested. 
The site, when cleared, will be found to be about 20 feet higher 
on the north, or Carey-street, than on the south, or Strand side, 
and to bave а gradual inclination. from the north-east, at the 
corner of Bell-yard, towards the south-west, at the church of St. 
Clement Danes,—a circumstance not to be disregarded in con- 
sidering the approaches to the palace, as it is from the south-west 
side alone that we must look for an approach terminating in the 
Palace of Justice, and presenting a coup d'eil worthy of the 
subject. Tt is too much to hope and expect that this opportunity 
may not be lost, but that the fullest advantage may be taken of 
it, —that the noble exainple of the Emperor of the French may be 
followed; that, while the citizens of Paris rejoice in seeing their 
principal buildings placed at the end of newly created and impos- 
ing thoroughfares, the citizena cf London may not бе denied а 
similar satisfaction. The approaches from the north and north- 
east, though capuble of great improvement, cannot be adapted to 
an approach of the kind suggested, u :thout au interference witha 
property already exclusively devoted to the ргоГе-віоп, and ex- 
tremely valuable; ав, for instance, Lincoln'a-Inn, the New Record 
Office, and Rolls House; Serjeant's-inu, the Law Lustitution, and 
other buildings in Chancery-laue. А good uccess to the Palace of 
Justice from the level of Chancery-laue for carriages, aud over 
and under Chancery-lane for passengers, may be obtained; but 
a grand approach, such as may be presented on the south-west, 
is pecuniarily impracticable on the north-east side; aud its attain- 
ment would render the sitea great thoroughfare for traific having 
no oceasion to resort to the Palace of Justice. 
20 feet in the levels of the ground between the north aud south 
may be taken advantage of to afford ап extra fluor on the southern 
portion of the site, and a saving of 20 feet in the ascent to the 
principal story—the floor of the Great Hall of the Palace of 
Justice—from the northern and western side. 


LEVEL oF THE SITE AND oF THE THAMES EMBANKMENT. 
The relative levels of the site and of the Thames Embankment 
present advantages not to be disregarded. The Strand at St. 
Clement's may be taken to be about 30 feet above the level of the 
roadway of the Thames Embankment, below which, at the depth 
of say 20 feet, are the Metropolitan Railway and the Low-level 
Northern Sewer. 


SUBWAYS UNDER THE STRAND, FLEET-STREET, AND HOLBORN. 


Thus access may be obtained to the basement of the Palace of 
Justice, aud by ап easy iucline to the level of Carey-street, by a 
subway under the Straud in the neighbourhood of St. Clements 
Church, and the traftic to and from the Palace of Justice may be 
separated and isolated from the traffic between the level of the 
Strand and other parts of the Metropolis. Thus the great stream 
ef traffic using the Thames Embankment en route to or from other 
places than the Palace of Justice, and the гаће to aud from Ше 
Palace of Justice, may be rendered indepeudent the one of the 
other, and prevented obstructing the approaches to the Palace of 
Justice from the north-west, north, aud north-east. Such 
approaches from the Thames Embankment may be connected 
with the spproaches from the west and north on the western side 
of Lineoly’s-inn-felds; from Covent garden оп the west, anil 
Holborn on the north; they would remove one of the greatest 
plague-spota in the Metropolis, lead to the purification and im- 
provement of the district of Clare-market, and the territory almost 
unknown, except to those who pass between Lincolu’s-inu and the 
west, lying between Great Queen-street, Lincolu's inn-Helde, 
Drury-lane, and Clemenvt’s-iun. А 


APPROPRIATION OF THE SITE, 


The appropriation of the site wast depend ou various considera- 
tions, amongst which the area to be dealt with, and the 


* Paper read ut the Social Science v ongress, 
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requirements of the courts, are the most prominent. The area of 
the site may be taken at 74 acres. The difference of levels of 
Carey-street and the Strand will give an extra floor of about one- 
half that area, without extra excavation. Let us start from the 
level of Fleet-street and the Strand, at the Temple-bar entrance 
to the Palace, and assume the basement of the building to be 20 
feet below that level, or 10 feet above the level of the road of the 
Thames Embankment, or 30 feet above the level of the rails of 
the Metropolitan Railway, and of the Low-level Sewer in that 
embankment. This basement of 7$ acres (without deducting the 
space necessary for areas for lights and passages) has been pro- 
posed to be appropriated to strong rooms, fur the preservation of 
original wills and other documents of value. For the wills alone 
it has been said that upwards of three acres will be required, To 
this basement access may be had by subways under Fleet-street 
aud Chancery-lane, во as to connect it at once with the Temple, 
art aaa the Rolls and New Record Office. The basement 
will have a depth of about 40 feet next Carey-street, or оп the 
north side, should it be thought expedient to carry it throughout 
at that level; aud if Carey-street can be relieved of the through 
traffic by which it is now encumbered, by reason of the obstruction 
at Temple-bar, the arch of which is too low to permit the passage 
of the high-loaded vans and waggous, а portion of that street may 
be made available to wider the area for the lights to the basement. 
Тһе ground-floor of the Palace, or that on the level of Fleet-street 
at Temple-bar, would be about 20 feet below the level of Carey- 
street; and assigning 20 feet for the height of the rooms on the 
ground story, and 20 feet for the height of the next, we arrive at 
the level of the flour of the Great Hall, about 40 feet above Fleet- 
street, and 20 feet above Carey-street. 


ARRANGEMENTS OF COURTS AND OFFICES ABOUT THE GREAT HALL. 


In the arrangement of the courts оп the sides and at the ends 
of or around the Great Hall, the principles of separation and 
isolatiou are essential for the convenient and economical adminis- 
tratiou of justice. In this respect it шау be well to imitate the | 
arrangements of the new Assize Courts at Manchester, in which 
those principles are applied to the extent there required. 

The precise arrangement of the courts will be matter of detail 
for after-consideration, but tie general principles may Бе 
indicated. 

For the purpose of illustrating the arrangement of the courts 
and offices in connection with the Great Hall, let us suppose a - 
series of four concentric circles, the inner representing the Great 
Hall; that in the space between the circumference of the first and 
second circles are arrarged the courts and office: immediately 
connected with them; that the space between the second and third 
circles is а passage or corridor for communication with the courts 
and offices arranged between the first and second circles; and that 
the offices are lvcated between the third and fourth circles. 
Access to the courts will then be obtained from the Great 
Hall on the one side, and from the corridor between the second 
and third circles. Access to and from the Great Hall will of 
course be opeu to al], but access by the corridor will be strictly 
confined to the judges, otficers, jurors, professional men, witnesses, 
and parties actually engaged in the business of the courts, or 
passing to and from the offices located between the third and 
fourth circles. 

. Thus the general public and parties engaged, or whose attendance 
із necessary to the conduct aud progress of the cause, may be 
separated and isolated from each other, but able to intermingle 
in the Great Hall, and entering and leaving the courts by 
different routes. 

Тһе courta, and offices immediately connected with the courts, аз 
the retiring-rooms of the judges and the jury, will be arranged in 
the space between the first and second circles, each court with 
the offices iinmediately connected with it presenting substantially 
the same arrangeweut, but differing only in details according 19 
the requirements of the business to which it is devoted. The 
interval between each court, ог each set of courts, will be available 
for access between the Great Hall and the great corridor, by rising; 
as in the courts at Manchester, toa level above the level of the 
floor of the Great Hall. Thiselevation, of say 4 feet, will give the 
menus of access to the bench and the retiring-rooma of the jndge, 
and to the jury box and retiring-rooms for the jary, while a 
descent of 4 feet will give access to parties and witnesses engaged 
in the cause, and afford the means of separating the witnesses 
on either side from each other, in convenient waiting-ruoms 
immediately accessible to the court. This level of the floor ofthe 
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jndges rooms, which may he conveniently designated the level of 
the bench, forms a most important feature in the new conrts at 
Manchester, and in the arrangements hereafter mentioned, 
especially in reference to the suggested entrances to the courts. 
The indiscriminate manner in which the wituesses on either side 
are permitted to intermix, during the progress of the cause, with 
each otherand the general public, and the difficulty with which 
they are introduced into, and withdrawn from, the witness-box, 
are serious defects in our administration of justice; and any scbeme 
for the courts in which this was not amply provided for would be 
most seriously defective. It is of the greatest importance also 
that the jury should be provided with accommodation wholly 
independent of the accese to the public, and that their retiring- 
room should be convenient for communication with the judge. 

The offices of the masters of the several courts should be in 
immediate connection with and contiguous to the several courts, 
and it may be sufficient to have indicated and illustrated by 
imaginary circles situations suitable for their location on the level 
of the Great Hall and courts, while the floors immediately below 
that level will afford space for the Writ and Record Offices, with 
convenient accesses to the cffices of the masters of the respective 
courts. The contiguity of the several Writ, Record, and Judgment 
Offices to the master or the conrts is of less importance than 
bringing them all into as close contiguity as possible with each 
other, with the view of a general consolidation and concentration 
of such offices for all the courts. 


INTERNAL ARRANGEMENT OF THE COURTS. 


The construction and internal arrangement of the courts would 
appear to have received little consideration, many being most 
inconveniently large or small, and none presenting that separation 
and isolation by whicb the convenient administration of justice 
may be so much facilitated. In many, the position of the witness- 
box is so inconvenient as to lead to its abandonment, and to 
placing the witness in some new position more convenient for the 
judge and jury and counsel, but most inconvenient to the witness. 

he inconvenience of ingress and egress, and the manner in which 
all parties are intermixed with each other and with the public, is 
matter of universal complaint whenever circumstances of interest 
give rise to & crowded court. 

To the relative position of the judge, with a jury-box on either 
side of the court, arranged with three seats holding four each, 
and of the counsel, no exception can be taken. Тһе great defect 
is in the position of the witness-box, and the difficulty of ingress 
and egress for the witnesses, professional men, and others necessary 
for the progress of the cause. Accommodation for jury-men іп 
waiting, for students, for short-hand writers, and reporters, must 
form an essential part of the arraugement. Тһе witness under 
examination naturally turns to the counsel by whom he is examined; 
the reply to the question will be naturally addresed to the same 
counsel, and consequently, according to the arrangements adopted 
in many of the courts, from the judge and jury, by both of whom 
the witness should be heard and seen. The witness, if placed near 
to, and a little below and on the right hand of the judge 
(assuming tlie jury to be on the left of the judge), that is, on the 
opposite side of the judge from the jury, will speak across the 
judge, be seen by the jury, and heard equally by the jury and 
examining counsel; from whom he will be about equally distant. 
The position of the witness-box in the Courts of Queen's Bench, 
Common Pleas, and Exchequer, is an illustration of this; but the 
witness might with advantage be nearer the judge than in any of 
those cases. If the witnesa be placed between the judge and 
jury, his back will generally be turned on опе or the other, and 

e will sometimes get engaged in conversation with some of the 
jury, a most ОБЕ збане and inconvenient practice. None of 
these courts present convenient or isolated ingress or egress for 
the witness, who must struggle and be intermixed with the 
general crowd, with whom he is intermixed both before and after 
hia examination. Nor are the jurors, counsel, attorneys, or parties 
any better off, as the experience of those attending the courts at 
Westminster, and other courts in the Metropolis, will affirm. 

This may be wholly avoided by a passage under or on either 
side of the seat of the judge. Assume the floor of the judicial 
bench to be 4 feet above the level of the floor of the conrt, by steps 
descendiug 4o the level of 4 feet below the floor of the court, ingress 
and egress may be obtained under the bench, and communication 
effected with suitable separate waiting-rooms, in which the 
witnesses of either party prior to their examination may be kept 
together, ready to be called as required. The witnesses, after 
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examination, may be permitted to pass into the conrt by a passa; 
under the upper seat of either jury-box, and intermix with the 
eneral RA i This ingress and egress under the floor of the 
nch may also be made available for counsel, attorneys, and other 
ies immediately engaged iu the cause. The floor of the court 
tween the bar and the bench would afford (the witness-box by 
which it is usually encumbered being removed) ample space for 
short-hand writers and reporters, with seats and small desks under 
the jury-box; the centre part being kept clear for ingress and egress 
and the exhibition of models and plans, in fhe introduction and 
exhibitiou of which great inconvenience is frequently experienced. 
The seats reserved for students might be immediately behind the 
bar, the access to the firat and second row of bar-seata being from 
the floor of the court under the bench, and to the third and other 
rows at each end next the jury-boxes by passages under the 
upper seat of the jnry-boxes, or direct into the Great Hall; 
the seats for the public being behind, at either angle, with 
entrances only from the Great Hall. Thus the angles of the 
rectangular courts would be utilised, and the hearing improved; 
and I would suggest whether the shape of the courts should not be 
rectangular and hexagonal in all cases; the part occupied by the 
bench and )агу-Бохев being rectangular, and the other part three 
sides of a hexagon. The seats for the bar and the public should 
be slightly raised, во that every person may be able to see and hear 
withont difficulty; for, unless this be the case, it is almost hopeless 

to attempt to preserve the quiet of the court. 


— > —_———— 


LIMES, CEMENTS, MORTARS, AND CONORETES.* 
Ву Cuas. Н. HaswxLL, Engineer, N.Y. 
(Continued from page 267, vol. 98.) 

CALCAREOUS Mortar, being composed of опе or more of the 
varieties of lime or cement, natural or artificial, mixed with sand, 
will vary in its properties with the quality of the lime or cement 
used, the nature and quality of sand, and the method of manipula- 
tion. 

Mortar.—Lime, 1; clean sharp sand, £5. An excess of water in 
slaking the lime swells the mortar, which remains light and 
porous, or shrinks in drying; an excess of sand destroys the cohesive 
properties of the mass It is indispensable that the sand should be 
Bharp and clean. 

Turkish Plaster, or Hydraulic Cement.—100 lb. fresh lime re- 
duced to powder, 10 quarts linseed oil 1 to 9 ounces cotton. 
Manipulate the lime, gradually mixing the oil and cotton, in а 
wooden vessel, until the mixture becomes of the consistency of 
bread-dough. Dry, and when required for use mix with linseed 
oil to the consistency of a paste, and then lay on in coats. 

Exterior Plaster ог Stucco.—1 volume of cement powder to 8 
volumes of dry sand. In India, to the water for mixing the plaster 
із added 1 lb. of sugar, or molasses, to 8 imperial gallons of water, 
for the first coat, and for the second or finishing, 1 lb. sugar to 2 
galons water. Powdered slaked lime and smiths' forge scales, 
nixed with blood in suitable proportions, make a moderate 
hydraulic mortar, which adheres well to masonry previously coated 
with boiled oil. Тһе plaster should be applied in two coata laid 
on in one operation, the first coat being thinner than the second. 
The second coat is applied upon the first, whilst the latter is yet 
soft. The two coats should form one of about 18 inch in thick- 
ness, and when finished it should be kept moist for several days. 
This process may be modified by substituting for the first coat a 
wash of thick cream of pure cement applied with a atiff brush 
just before the plaster is 1414 on. When the cement is of too dark 
а colour for the required shade, it may be mixed with white sand 
in whole or in part, or lime paste may be added until ita volume 
equnls that of the cement paste. 

Khorasser, or Turkish Mortar, used for the construction of 
buildings requiring great solidity, $ powdered brick and tiles, 
five sifted lime. Mix with water to the required consistency, an 
Jay on layers of 5 and 6 inches in thickness between the courses of 
brick or stone. 

Interior Plastering.—The mortars used for inside plastering are 
termed Coarse, Fine, Gauge or hard finish, and Stucco. 

Coarse Stuff.—Common lime mortar, as made for brick masonry, 
with a small quantity of hair; or by volumes, lime paste (30 lb. 
lime) 1 part, sand 2 to 2} parts, hair $ When full time for 
hardening cannot be allowed, substitute from 16 to 20 per cent. 
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of the lime by an equal proportion of hydraulic cement. For 
the second or “brown coat” the proportion of hair may be slightly 
diminished. 

Еше Staff (lime putty).—Lump lime slaked to & paste with a 
moderate quautity of water, afterwards diluted to the consis- 
tency of cream, and then allowed to harden by evaporation to the 

uired consistency for working. In this state it is used for a 
* alipped coat,” and when mixed with sand or plaster of Paris it 
is used for the “ finishing coat.”. 

Gaage Stuff, or hard finish, is composed of from 3 to 4 volumes 
fine stuff and 1 volume plaster of Paris, in proportions regulated 
by the degree of rapidity required in hardening; for cornices, &c., 
the proportions are equal volumes of each, tine stuff and plaster. 

Stucco is composed of from З to 4 volumes of white sand to I 
volume of fine stuff, or lime Faby. 

Scratch Coat.—The first of three coats when laid upon latha, and 
is from 4 proton inch in thickness. 

Une-coat Work.—Plastering in one coat without finish, either 
on masonry or laths, that is, rendered or laid. 

Two-coat Work.—Plastering in two coats is done either in a 
laying coat and set; or iu а screed coat and set. Тһе screed coat 
is also termed a floated coat. Laying the first coat in two-coat 
work is resorted toin common work instead of screeding, when 
the finished surface із not required to be exact to л straight-edge. 
It ie laid in а coat of about $ an inch in thickness. Except for 
very common work, the layiug coat should be hand-floated. The 
firmness and tenacity of plastering is very considerably increased 
by hand-floating. 

Screeds аге stripa of mortar 6 to 8 inches in width, and of the 
required thickness of the first coat, applied to the angles of в 
room, or edge of а wall, and parallelly at intervais of 3 to 5 feet 
all over the surface to be covered. When these have become 
sufficiently hard to withstand the pressure of a atraight-edge, the 
interspaces between the screeds should be * filled out” flush with 
them, so as to produce a continuous and straight, even surface. 

Slipped Coat is the smoothing off of a brown coat with a sinall 
quantity of lime putty, mixed with 3 per cent. of white sand, so 
as to make a comparatively even surface. This finish answers when 
the surface is to be finished in distemper, or paper-hangings. 

Hard Finish.—Fine stuff applied with a trowel to the depth of 
‘about 4th of an inch. 

Estimate of Labour and Materials for 100 square yards of Lath 
and Plaster. 


Three Coats Hard- 


Materials. finished work. iis cct ы 
Lime 222 abe ...| 4 casks $4:00 | 34 casks, | $3°33 
Lamp lime for fine stuf ... “85 
Plaater of Paris... КЕ " 70 
Laths ДА 25% ...| 2000 4:00 2000 4:00 
Hair... at ...| 4 bushels, 80 |3 bushels, “60 
Common sand ...| 7 loads, 2:00 |6 loads, 1:80 
White z ..| 24 bushels, *25 
Nails 18 pounds, *90 [|13 pounds, :90 
Masons’ labour 4 days, 7:00 || 34 days, 6:12 
Labourer 3 ,, 3-00 |2, 2:00 
Cartage " 2:00 1:20 

Cost of 100 yards, $25-50 $19-95 


Concrete or Beton, is а mixture of mortar (generally hydraulic) 
with coarse materials, as gravel, pebbles, stones, shells, broken 
bricks, «с. Two ог more of these materials, or all of (hem, may 
be used together. As lime or cement paste is the cementing 
substance in mortar, so is mortar the cementing substance in 
concrete or beton. The original distinction between cement and 
beton was, that the latter possessed hydraulic energy, whilst 
the former did not. | 

Hydraulic.—13 part hydraulic Ише measured when unalacked, 
1} part касі, 1 part gravel, 2 parts of a hard limestone broken. 

is mass contracts 4 in volume. Fat lime may be mixed with 
concrete, without serious prejudice to its hydraulic energy. 

Various Compositions of Concrete.—Forts Richmond and Tomp- 
kins, U.S.—H ydraulic.—308 lb. cement—3:65 to 37 cubic feet of 
stiff paste. 12 cubic feet of loose sand—9'75 cubic feet of dense. 

For Superstracture.—11°75 cubic feet of mortar as above, and 
16 cubic feet of atone HAM. In the foundations of Fort 
Tompkins, about one-twelfth of its volume was composed of 
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stones from } to $ of a cubic foot in volume, rammed into the 
wall as the concrete was laid. 

Sea Wall.— Boston Harbour,—-Hydraulic—308 lb. cement, 8 
cubic feet of sand, aud 30 cubic feet of gravel. The whole pro- 
ducing 32:3 cubic feet. 

Superstructure.—308 lb. cement, 80 lb. lime, and 146 cubic 
feet dense sand. The whole producing 12:825 cubic feet. 


Total Cost of Labour and Materiale Expended in laying Concrete 
Foundation at Fort Tompkins, during the year 1849. 
LABOUR. 


Wages of sub-overseer, 42:2 days, $2 per day id % 84:10 
” mason, setting planks 82-8 days at $2 per day 165-60 
PA labourers (assisting), 153:6 days at $1 per day 153.6) 

» labourers transporting and ramming concrete, 
2971:8 days at $1 per day " 2971:80 
Total cost of labóur ... $3375:40 

MATERIALS. 

4,096 casks cement at 85 cents $38481 * 60 

12,288 , sand at 3 cents — 386-64 

20,480 , broken stone at 8 cents 1638:40 
%5488:64 
Total cost of labour and materials $8864-04 

Total number of cubic yards of concrete laid, excluding 

the stone masses rammed in | ... 257 es € 86063, 
Cost per cubic yard of pure concrete ... 2:46 
Deduct for stone masses in ... -20 
Cost per cubic yard as laid 2 26 


Cost of Masonry, of various kinds, per cubic yard, and the volume of 
Mertar required for each.—(General Gilmore, U.S.A.) 


" 4 Cost. 
(HEIN 
BIB HA 
Masonry. я е 38 о By 
"O [Bou UI ЕВ 
9595 
EH LE "MEE Е a 
Cu. ft. | Ві Bis. $ cts. | $ сі. | $ cts. 
Rough, in rubble or 
gravel, from à to т 
cubic foot in volume, | 10°3 | "5651 1:22 90 41015 
Blocks, large and small, | 
not in courses, joints 
hammer-dressed, ..., 8:1]| +423) +92 62 7 7:62 
masses; headers 
and stretchers dove- 
tailed ; hammer dress- 
ed; beds and joints 
laid close,  ... ра *05 | -11 08 | 9 9:08 
Ordinary ; courses 20 to 
32 in size, ... ..] 195 | "08 17 12 | 570 
Ordinary ; courses 12 to 
20 in візе, ... ..| 2: | 1*05 | -22 116 | 219 
Brick, ... <> ...| 8* :42| +90 66 | 570 | 620 
Concrete, good, |. 11% *54 | 1-75 | 1721 2-19 | 820 
5% medium, ... 9: “41 | 1°06 "65 1:56 | 221 
j inferior, .. 8: "87 | 1907 60 | 145! 2:05 
Rubble, without mortar, 3: to 8:30 


Cost of materials assumed as follows: Cement, $1:20 per barrel; 
lime, $1; bricks, $4:25 per M.; sand and gravel, 80 cents per ton; 
granite spalls, 55 cents per cubic yard; labour, $1 per day. For 
walls less than 2 feet in thickness the cost is increased. 


——_ 


OBSERVATIONS FOR CONSIDERATION, PREVIOUSLY 
TO THE LAYING OF ANOTHER ATLANTIC САВПЕ 
By T. Seymour Bunz, F.R.S. 

The first Atlantic telegraph cable was actually Jaid between 
the shores of Ireland and America, in the year 1858; and by what 
means was it so efficiently laid without on any occasion, if I err 
not, its breaking or separating thronghout any portion of its 
length, во as thereby to require the difficult, if not fatal, operation 
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of hauling it in again to cut out the faulty part, and to effect its 
repair? How was it laid?—Why, by making use of two ships 
instead of one, viz, the English Agamemnon and the American 
Niagara, which ships, each conveying out half the cable, having 
joined the ends of the same, and spliced them in central Atlantic 
ocean, steered away for their respective countries, which they satis- 
factorily, if not simultaneously, reached, after having deposited 
these two halves of the cable in the bed of the sea, as well as 
having connected the other two ends with the ends of the coils 
proceeding from the two opposite shores. Well, this fact shows the 
possibility, or rather the practicability, of laying a cable between 
this country and America or Newfoundland. Then why has the 
operation not succeeded in the second instance 1—Simply, because 
one ship only has been employed in the performance in the latter 
instance, instead of two ships. For, if two ships managed so well 
to lay в long cable in the first instance, why should only one ship 
l.ave been employed on a second operation, and one, iudeed, which 
Раз во specially failed 1 As time represents nearly everything with 
respect to the chances of storms occurring to disturb the equable 
paying out of the cable, it is manifest that if ошу one ship be 
employed in the operation instead of two, there must be fonr 
chances to one against the one ship escaping a storm in double 
the time, to that of the two ships escaping a similar calamity ог 
inconvenience in half the time, as required for the voyage; besides, 
the two ships, before parting in mid-ocean, on depositing their 
joined ends of the cable in deepest water, being nearer one 
another, can help one another in the most difficult portion of their 
course, or that were—if the cable shculd break at or over the 
central (or assumed) deepest part of the ocean—they would both 
remain, or separating, would return to meet again, and 80 соп- 
stantly to assist each other in recovering the escaped end of the 
сой, Whereas the опе ship alone has no help at hand but its 
own, I should be dispesed therefore, to advocate the use of two 
such ships again, instead of one, in the operation of relaying 
the Atlantic cable. 

But there is another argument against the nse of one ship only. 
That ship must, like the Great Eastern, necessarily be of immense 
size, in order to be sufficiently capacious to contain, or stow away, 
the whole muin length of cable, which consists of 1900 ог 2000 
milesor more. Now, the greater the size of the ship the greater 
the stress exerted upon the cable when she raises her bow above 
the surface of the water—like as a giant pulls more strongly than 
a child. А smaller ship’s haul or'strain exerted upon Ше over- 
hanging cable would not so tend to rend that cable (not withstand- 
ing its tendency to rise to the wave to a greater height than the 
bow of the larger ship) as would the terrible dead weight and 
rise or stress or strain of the huge ship itself, the resistance of 
the cable being unuecessarily overpowered by the superior 
momentum of the latter vessel, ani being thereby caused to be 
rent in twain, from the effect of the increased tension, which 
serves to break it like a piece of thread. And therefore, probably 
if a very small ship or steamer could be steered jn advance of the 
Great Eastern, on lier next attempt, and could then be made 
to receive the descending part of the cable after it has left the 
latter ship, and, next, to deposit it directly over its own bow into 
the deep, the cable would be less liable to be «torn asunder than 
if the big ship should pay it out alone and at'once over Из own 
bow directly into tlie abyss. 

But why did the cable which had been first laid fail? А reply 
to this momentous question is printed in Part F., Vol. IIL, of 
шу Miscellaneous Papers on Scientific Subjects, London, 1861, 
pp. 32-8, ша letter addressed to the late Viscount Palmerston, 
whil«t Prime Minister, dated July 23, 1860. 

l repeat the question. Why did the first-laid cable fail, after 
having been properly laid from eud to end? It failed simply 
because one-half of the length had been twisted (in manufacture) 
to the right hand of the line of its axis, whilst the other half had 
been twisted to the left haud of the same liue ог axis. How was 


this done? One of the halves had been manufactured on the - 


banks of the Thaines, the other half in another locality, the name 
of which I forget. Yet, strange to say, this fatal defect was 
considered, it appears by the T'imes of the 13th of May, 1858, to 
have been remedied ог“ overcome” by joining the the two ends, 
in midway Atlautie, to certain “rods of iron, loaded with a weight 
in the centre,” which it was hoped—for it could could not have 
been believed —would rectify the fault. Aud so the cable failed 
—and, yet not even a trial beforehand was made of the two 
pieces—pieces contrarily twisted, be it remarked, and known to 
be so—by joining them together, I mean the half cable twisted, tu 
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the right hand and the other half twisted to the left, in order to 
ascertain the effect of а heavy strain exerted upon those two 
halves when so joined. Тһе consequence was that the so-joined 
coils, each consisting of one-half the whole cable, soon began to 
unwind and gradually to untwist themselves, until the electric 
pulses or pulsations, passing through the gradually attenuated 
core or copper wire, upon which the entire strain or stress was 
now thrown, became weaker and weaker, until they shortly after- 
wards, like my Uncle Toby's pulse in “Tristram Shandy,” fluttered, 
stopped, beat again, and then entirely ceased! Nor was this 
effect to be wondered at. Let any person of average common 
sense try the effect himself witb two sets of small wires ee threads), 
three or four threads in each wire; one set twisted to the right 
hand the other set to the left hand of the axis of each coil, and 
then let him, after having joined one end of one coil to one end 
of the other by a firm knot, or even a “curved bar of iron,” and 
after having stretched the whole coil in a straight line, with а 
stress bearing upon it, state from his own experiment, proof, 
and experience, what he considers to have been the main, if not 
sole, cause of failure of the first-laid Atlantic Telegraph Cable. 

It matters not with a cable manufactured in but one directicn, 
ie, with the helix to the right or with the helix to the left, 
whether it be cut and then joined again either at the 
surface of separation, or at the opposite ends, or with the cut 
end of one portion joined on to the worn end, or to the further- 
most end of the ether portion, because the helix or twist would 
remain the same in any mode of junction throughout the entire 
line; but, I maintain that if one portion of the other half be of 
a different twist to any portion of the other half, both portions 
of the coil situated near the point, or rather surface of junction, 
will, on tension being applied, immediately begin to unwind 
themselves; and thus will transfer the tension they are intended 
to resist from themselves to the central copper wire they are 
intended to support, which latter will consequently become so 
attenuated from that powerful cause, as at least to separate 
itself into two detached parts, besides being more or less laid 
bare by the opening пр (or out) of the outer helix, consistirg of 
coils of wire and other substances placed for its protection. Let 
anyone try the effect of the experiment, as I said before, and 
the result must confirm the entire correctness of this assertion. 
Therefore, I assume it to be absolutely necessary, in order to 
avoid certain failure, that all parta of the cable, shore-ends as well 
as others, should be manufactured of one uniform helix cr coil. 

The point now, however, for consideration is, how to lay the 
cable agaiu after the occurrence of two not altogether unexpected 
failures? or, rather, how to lay a new cable, and tbat, if 
possible, without having to “haul in” again any portion of it 
after it has been “ paid out," in order to discover the where- 
abouts of its faulty insulation, and with a certainty of weakening 
the chain or cable on every occasion that it is cut and again 
spliced. Now, this ditficulty may be partinlly obviated by not 
having so very many splicing places in the original cable; for 
it must be evident that the greater the number of splicings or 
junctions in the seme the less the chances of its efficiency. 
The parts “spliced” together cannot possibly be so strong 
or so closely connected, or the central wire (the vehicle of the 
electric message) so intimately adhesive in all its tibres, as the one 
originally manufactured in its integrity. Whata large number of 
splicings or junctions there must have been in the late Atlantic 
cable; first, there was the batch of splicings required to join each 
of the several lengths sent down at different periods from Messrs 
Glass and Elliott's workshops by each vessel that shipped a 
length to convey and join it on to its predecessor on board the 
Great Eastern. Then a splicing was required for each of the 
tauks when filled, or at any rate fer two out of the three tanks 
in which the cable was stowed on board the leviathan ship 
Next, the "splicing the main brace” to the end at the Irish 
shore, and “yet another” splice would have been required at the 
junction with the land side оп the American shore. “РИ see no 
more,” as Macbeth says, almost dreading this long account of 
spliciugs in the late cable, aud trusting it may be possible to 
avoid some of them in the new oue. The first laid cable was not 
зо cut and so joined, it is to be presumed, as the second one, and. 
yet the former was undoubtedly laid the whole distance, and for 
the moment successfully so—n niessage having been transmitted 
from end to end—from America to England, and this without the 
occurrence, that I am aware, of any breakage or separation of the 
coil (save опе), in consequence of a mishap. How was this doe? 
Бу the employment of two ships. And would not the cable 
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have continued its insulation for a reasonable time—not expect- 
ing, of course, that it would have solved the problem of регре- 
tual motion—had not its two halves been coiled, unfortunately 
in two contrary directions; and had they not still more unfortu- 
nately been joined together with that sad and fatal fault existing; 
although the fact was known at the time, or beforehand, 
certainly before the 13th of May, 1858, without a trial being 
made to ascertain whether the cable would, when so joined, 
auceeed or not, and when such a trial would have caused but a 
few houra’ delay іш the commencement of so great and glorious 
an undertaking. 

In recommending, as I have done above, that two ships should 
be employed in the performance of this great work instead of 
оре, | du not mean to infer that the operation cannot be com- 
pleted by the Great Eastern herself, providing a smaller accom- 
panying vessel can be steered but a little way ahead of her, for 
the reception of the descending cable as it descends from her 
bow, and before it is allowed to enter into the deep sea, as hefore 
explained. I would only desire to be understood as generally 
advocating the use of two ships instead of one in the execution 
of this vast undertaking, iu the completion of which we all as 
Englishmen must feel во deep an interest. 

One great means of control, however, should exist in the 
paying-out apparatus, which should be made by means of springs 
and wheels, or other seif-adjusting arrangements, to apportion, 
at the required velocity, a sudden supply of slack cable, when- 
ever a great and sudden rise of the ship’s bow happens to take 
place, and to require the said supply as from a feeder, so that the 
amount of strain upon the cable should, if possible, be neither 
more nor less than aconstant quantity. Upon this most impor- 
tant arrangement а great deal of the success of the work must 
neceasarily depend; whereas a different principle will involve but 
little chance of euch a deaideratum. 


——— —Ó ———— 


STUDY AS A PREPARATION FOR PRACTICE.* 
Ву Т. Косев бмітн, F.R.LB.A. 


STUDY аз а preparation for practice is. а subject of more than 
ordinary interest for the members of a society like this, which 
consists almost entirely of students, either commencing practice 
or prepariug for practice as architects; but is also a theme 
presenting more than ordinary difficulties to anyone desiring to 
treat it fully and fairly. I have felt it impossible to do what I 
consider justice to the subject, and therefore I must trust to your 
forbearauce and indulgence while [ lay before you this attempt, 
an attempt which I felt was almost called forin order to complete 
the views taken in two papers which I have in previous years 
had the honour of reading before you—one “Оп commencing 
Practice,” the other “ Оп the Conduct of Business.” 

At the outset I must apologise if [ appear to assume a доста с 
tone. If this is во, I mnst plead as my excuse that you will hear 
but little tonight except things of the truth and importance of 
which I am very fully convinced in my own mind; yet in pressing 
my views ou your attention I desire to refrain from seeming to 
do so with that positiveness which һе might well assume who 
was conscious of having asa student done all that I 1ecommend you 
to do, and been all which 1 desire each of you to become. If 
parts of this paper are written with a consciousness of advantages 
gained, other parts are written with a desire that you should 
escape mistakes and supply omissions of which the speaker is 
keenly sensible; and throughout I hope that your own judgment 
and good sense, and the experience of those best able to 
advise you, will be brought to bear upon the suggestions made 
to you. е 

ne very great difficulty in treating of the conduct of your 
studies is the certainty, that I can hands offer any hints that will 
be of service to oue, which may not prove valueless, and possibly 
even injurious, to others, supposing my recommendations to 
fall in with inclinations to which sucli happen to be already giving 
way too much. Perhaps the best remedy for this will be, if I take 
the advice of one of our most valued members, and ask each of you 
to рау most attention to that part of my paper which pleases 
him least. 

As au example, I may just point out that with regard to most 
of you there is nothing во likely to be useful as something which 
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will induce you to work far harder than you do; yet there can be 
no doubt some few of you are already working too hard, and that 
every additional spur to you is an injury. Again, in the case of 
A large part of you, I might, no doubt, do more good by simply 
and solely urging you to draw more, and draw better than you do, 
than І could by anything else. But there nre sure to be some of 
youto whom any other work than drawing is distasteful, and 
who would like nothing better than to be told never to do any- 
thing else but draw, forgetting that, though drawing is by far the 
first thing, yet that architects education who can only draw 
would be miserably deficient alike in knowledge of construction, 
materials, history, or the conduct of business. In this difficulty 
you, gentlemen, must help me by listening with judgment and 
discrimination. Do not run away with that half of what is said, 
which you like best, and treat the other half as of no importance 
to yourselves; but, on the contrary, treat with as much attention 
that part of what I say which may seem to bear on what you are 
conscious, in your own heart, is a weak point in your character or 
the defect iu your training, as you are willing to bestow on what- 
ever may fallin with the bent of your genius, inclivation, or 
opportunities. А perfect character is only to be obtained by tbe 
correction of errors and defects, —and the cultivation of gifts and 
acquirements. І trust that you will take pains to educate your- 
selves as architects in both these ways. 

I propose this evening to view the ordinary circumstances of 
an architectural student in this country, (and in several respecta 
they are tolerablv uniform for all of us,) not as matters for 
discussion as to whetheror not they are the very best possible— 
though I may allow myself one or two words in passing on that 
head—but as tixed definite conditions under which I have studied, 
and you have studied, and in all probability our successors for 
several generations аге likely to have to study. These circum- 
stances we cannot in our own cases alter, аці shall not be able, 
perhaps shall not wish, to alter in the case of those who are to 
succeed us; we must therefore accept them, and our grand object 
this evening will be to discover how to make the best of them. 

What thenistheposition ofa young Englishman who is studyin 
architecture with a view to Ше practice of this art as a profession 
In most continental states he would be either pursuing a course 
of drawing and of studies under various professors in an academy, 
or doing much the same thing, but underthe eye of oneteacher, in 
an atélier. In either case he would be engaged in а way more or 
leas similar to the manner in which his school or college days have 
been spent, only with the special subject of architecture taking 
the place of the classics, mathematics, philosophy, and so forth, 
which have been the subjects of his previous studies. In this 
country he is sure to be in the office and among the assistants of 
ап architect in practice, ordinarily without systematic instruction, 
often entirely without defined teaching, and in many ways in a 
position widely different from the one he left to enter the pro- 
fession. Оп tlie Continent he is ап Academy Student. Іп 
England he is an Articled Clerk. And it is simply to point out 
to you the beat way, so far as І know it, of turning the English 
system and your own spare hours to the best account, that I now 
address you. .- 

Almost all yogths who have a fair prospect of being able 
ultimately to practise, are in circumstances which enable their 
friends to pay a premium with them, and articie them to a 
practitioner. Таш aware that many enter offices in other ways, 
and obtain knowledge enough to enable them to act at least as 
architectural draughtsmen, and that of these some advance far 
euough to practise on their own account, Such may find much 
that I have to say apply to themselves, but the class that I 
apecially contemplate is that of architectural pupils who have 
friends of some connection or position, or who, from some other 
circumstance, аге so placed as to look to the exercise of their 
profession as architects on their own account, abd not to any less 
responsible position, as their final aim, and who are the recognised 
pupils of some architect. And in passing I may say that 1 think 
it undesirable fora youth to become a pupil unless he has а 
reasonable proapect of being in time able to practise. 

Those who enter the profession ought, if possible, todo so fully 
prepared by their previous education, that is to say by their 
acquirements, and their habits of industry and their ,eueral 
training, for making the best use of their time as pupils,— 
especially now that time is customarily so short. What has 
occurred iu the case of each one of us cannot be altered; but any or 
all of us may be able at times to influence the course of young meu 
proposing to join our ranks, and therefore I may be excused for 
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pointing out what ie, in my opinion, desirable before a pupil 
enters an office. 

He who desires to become an architect should be naturally, and 
by training, a gentleman, with application and tenacity of purpose; 
be should possess ingenuity, a natural turn for the pencil, good 
sense, and, if possible, some spark of genius. 

If he is not one of nature’s gentlemen, and well-bred, that is to 
зау, not honest and brave, gentle and courteous, he will find the 
general conduct of his profession beset with infinite difficulty, 
and will bring discredit upon his calling. If he want application 
and tenacity of purpose, the large amount that there is to learn, 
and the great deal there is to do, and the serious difficulties there 
are to surmount, will overpower him, and he will fail of success. 
If he have no ingenuity and contrivance he will fail to meet the 
difficulties of construction, arrangement, and architectural treat- 
ment which constantly spring up.—For architecturul practice is 
little more than a series of contrivances for the overcoming of a 
constant series of emergencies. 

A natural turn for the pencil is most ofall essential. We learn, 
we think, and we express our thoughts as architects, through the 
pencil; and no man without considerable natural talent for 
drawing ought ever to think of our profession. 

Without good sense, which is partly a natural gift as well as 
an acquired habit, an architect would go astray at every turn; 
and whenever you get into a circle of successful architects you 
will be struck, i think, with nothing more than the atmosphere of 
straight-forward good sense which surrounds you. А rash, а 
foolish, or peevish lad will never make an architect, unless good 
sense can someliow first be worked into him. 

Lastly, an undefined something, known as genius—the spark 
to set the whole on fire—is of infinite value, when it can be had, 
yet few boys or youths can be said to show it strongly, even when 
in after Ше they develop it. Perhaps it is as well this should 
be во, fora precocious genius often breeds an overweening conceit, 
and makes a man quite too proud to be taught, almost too proud 
to learn. Anda man of talents and industry, even though of 
but little genius, will not fail to rise. 

Such youths ав І have attempted to sketch are not so rare but 
that one may very fairly require that all the few characteristics 
named, except, perhaps the last, genius, should be forthcoming in 
our young aspirant for architectural life. Let us now inquire how 
ought he to have been educated to give him the best chance of 
future success? My own desire would be that tbe architectural 
student should have had an university education, but should have 
had before him his future profession during a part, if not the 
whole of his college career. It із very much to be regretted, and 
were it not that all architects are travelled men, it would be atill 
more to be regretted that the number of Oxford and Cambridge 
men inour profeesion isso small as yet. At present, atanyrate, the 
possession of a degree is a distinction of no small lustre among us. 
For the bar and the medical profession an university career ін 
considered almost an essential, yet the learning, knowledge of the 
world, good connections, and polished bearing, acquired at an 
university are quie as telling advantages in an architect’s favour, 
and to the full as needful to him as to the physician or the 
barrister. 

The absence of anything like an artistic education from our 
publie schools and colleges is no doubt a main reason why 
architecture as a profession has fewer attractions for university 
meu than other callings. But there may be other reasons. 
The entrance to practice is not guarded yet, though the time 
is coming when it wil be, by an official examination; its 
highest pe are nothing approaching what are obtained 
at the bar; and perhaps our average incomes are not so 
high, and our social status less indubitable, than in some 
other professions. Still in most of these respects а rapid and 
notable improvement is on foot; and let us mark that the more 
studious and accomplished each of you becomes, the more will he 
advance that movement; while the delightful nature of much of 
our work, and the cordiality subsisting among the members of 
the profession, render it one of the most attractive a man of 
culture and education can choose. 

Lastly, the circumstances under which men ordinarily 
obtain practice are such as to make it no real loss of 
time to devote the requisite years, after leaving school, to 
an uuiversity education; or some similar course of scholarly 
and gentlemanly trainiug, in fact, if he be also an artist. I 
believe that, within anything like reasonable limits, the later a 
young man enters our profession (supposing his time to have been 
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well spent previously), the better will be his chance of success. 
If he enter an office at sixteen he will, it is true, be fit to receive 
a salary as а clerk three years earlier than if he entered at nine- 
teen; and this is іш many савев so important an object that there 
is nothing to be said against it; but I believe that of two 
men, the one entering at sixteen and the other at nineteen, having 
well вреш the intervening three years, the latter would be likely 
to be the most forward by the time they were both thirty or 
thirty-five. М 

Where an university education is not attainable, a good 
classical, mathematical, and general education, the best possible, 
is most desirable, and in this no special branches of study need 
be singled out. I want the young student to be generally cultured 
and instructed, and if he be so, history, the mathematics, and 
modern languages, which are all technically desirable, almost 
essential for him, will be among his acquirements. 

Of special culture, the chief, perhaps the only points to be 
insisted on аге drawiny—not architectural, but of the figure and 
landscape—and general cultureoftaste furand knowledge of the fine 
arts. This I should like to see carried very much further than is 
ordinarily attempted, before a student begins his life as an 
architectur:] pupil; and I believe that in many cases a youth 
who has left school in order to become an architect would gain 
time by devoting the whole of one year to nothing but drawing, 
under good instruction, except so much time as was requisite 
simply to keep up his otherattainments, in place ofgoingatonce into 
an office. It would not be too much to expect that a student should 
be able to draw the figure well from the round, well enough for 
example to procure admissis to the Antique School of the Royal 
Academy, and should be able to sketch landscape subjects from 
nature in water-colours with freedom and finish: ornament, and 
mechanical drawing, and perhaps perspective, I think he had 
better not study till he begins as an architect, but in the figure 
and landscape, and let me add modelling, if practicable, it is 
hardly possible to do too much or to fix too high a standard. To 
this а general acquaintance with the fine arts of painting, seulp- 
ture, and music, ought to be joined; aud theearlier both drawing 
and general art are begun the better. Ifa man has been during 
many years educated, and is highly cultured in literature solely, 
it seems unlikely, and I believe in fact rarely happens, that the 
fine arts will take a strong hold upon his mind; and of course, of 
the two, a man who has artistic feeling and power, with even very 
restricted general culture, will succeed better as an architect than 
one highly cultivated in other matters, but deficient in artistio 
skill I could point to instances of both classes of men in 
abundance; and therefore I say unhesitatingly, let us have the 
highest, best, and most extensive culture we can, only along with 
Ша sufficient amount of art-culture, and extendel over a long. 
enough period of years to preponderate over everything else, 
making the man an artistic scholar—not а scholar merely. 

The majority of young men do not enter the profesaion with 
such advantages fully developed—and to such I have only to say, 
that they are not therefore to despair. They enter, it is true, at a . 
disadvantage, but by resolute well-directed effort this disadvantage 
may be overcome, althoughit is true that scholarshipand draughts- 
manship maybeordinarily most conveniently and completely acquir- : 
ed before begining the career ofa pupil. There is nothing really to | 
preventanyonefrom gniningall theattainmentsI have named during 
the time of his architectural studies if he be so minded, or from 
supplementing, to a very great extent, his deficiencies; though I 
cannot deny that such a task will prove an arduous опе. It is | 
however greatly to be desired that, whatever these deficiencies 
may be, they shonld not be failings іш рін налық or let 
me add, failings in gentlemanly Імеөбпд and bearing. 
it is now 
constituted, are no place for a youth who is clumay or ignorant, 
either in his general dealings with men, or in his special dealings 
with the objects of his art; and if there be any failings in these 
two respects no pains should be арага! to correct them. 

A young man who enters an office for the first time, whether he 
finis himself the sole occupant of a lonely room, or the junior 
among a crowd of clerks, will find much that is novel in what 
surroundshim. Let him start with the conviction that everything 
which is new to him is something for him to learn, and I think 
he will have the best guide to his couduct in an office thatanyone 
could give him; nay, I feel sure that, if I could but be certain that 
this rale would stick fast in your memories, I need hardly say 
one word more about office life. I will put it in the briefest way 
learn all that you find new; and I will begin with the cautio 
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that getting accustomed to things is not what I mean by learning 
them. There шау be some few things that one learns tolerably 
well by getting accustomed to them; but they are very, very few, 
and are попе of them known intelligently. №13 this in fact that 
Thave chiefly to warn you against. At firat there is such a 
multiplicity of unaccustomed things doing and passing before him 
that an office appears, to the new comer, a remarkable, often even 
an enjoyable change. But it usually happens that while one or 
two of these novelties are inquired into, mastered, and soto speak 
learned, the majority of them are simply acquiesced in, the pupil 
geta accustomed to them, perhaps he even bears a hand in them, 
and yet.he never learns them; possibly, after the first blush of his 
curiosity has gone off, he never even so much as recognizes that 
there is anything to learn in the majority uf them, till years after 
he comes to find that he is deticient iu an elementary knowled 
which he might, had he so pleased, have easily picked up while 
іп hia articles. 

Icould give a hundred instances of this, any one of which I 
am sure almost all of you would admit to be true. Take an 
example at random—you are told to work out a staircase оп a plan 
andsection, and that the risers areto be seven inches and the treads 
ten; with some contriving you do it, and the drawing is approved, 
and you E home well contented at having learned all about stair- 
cases and how to contrive them, when in truth, for the most part, 
you have only been getting accustomed tothem. Why is the 
riser to be seven and the tread ten? Supposing there was not 
room for your staircase, how conld you make it steeper; supposing 
you wanted a broader step, what sort of a riser would be right 
then; or, with a steeper riser, what tread would you require? Or 
again, your master comes, aud says there is not »headway—alters 
the plan, and leaves you to put it in ink. If you are seeking 
to learn, you will not rest till he tells you, ог better 
still, till you find out what “headway” means, and what 
dimensions it requires. If you are merely stupidly gettin 
accustomed to your work, you will quietly ink it in, as altered, 
without any intelligent understanding of what you are doing. 
Or suppose he alters the width, the pupil who wants to 
learn sets to work, his attention being awakened by this hint, 
to convince himself what is a handsome width for stairs 
and what not, he looks at the next three or four staircases he 
sees, takes measurements of them, and so learns for himself the 
proper width of staiis of a given class. Ог if he is still desirous 
to learn, but not very thorough, he simply asks his master or a 
fellow-clerk, gets an explanation, forgets most of it, and in so far 
as he remembers it learns something of the subject. But if, as Г 
said, he is not at all inteut on learning, he simply inks in what is 
put before him, or accomplishes his other task with as little 
expenditure of thought as possible, aud goes home at the end of 
the day no wiser than he was at the commencement. 

There are a dozen other points in which a staircase might 
illustrate what I mean, but ilie truth is, that not a drawing goes 
through а pupil's hands, not & paper does he copy, not a letter 
does he endorse, hardly a message does he put down in the 
call-book, but ifintelligent and observant he may learn something 
of his profession from it. Of course such technical things as 
complicated drawings will not give up all their treasures at once. 
A nli speaks to the veteran in a language of which the tyro is 
but picking пр the letters and the spelling, but where all is so full 
of novelty, every person truly desirous to learn, whatever may be 
the degree of technical information to which he has advanced, may 
learn Ls it something. 

You will gather perhaps from the spirit of the above remarks 
that in my opinion there are better ways of learning what опе 
does uot know than being told it. The truth is that the 
knowledge which we really find out for ourselves, it is which 
truly becomes incorporated with us, and really is an enduring 
possession; much of what we aro told we forget, therefore, as far 
as you сап do so, prefer to find things out; but іп the numberless 
instances that will occur where finding out is not possible, without 
more information than you possess, ask some one who knows. 

I would suggest as an excellent rule tor any pupil entering an 
office, and desiring really to benefit by the opportunities it offers to 
him, tbat he shirk no part of the work. Some young gentlemen, 
because a premium was paid with them and they think themselves 
“wells,” will not strain a sheet of paper, or print to a drawing, 
and will hardly speak to a stranger. Of these, and all other 
duties of the office, let me say that first, as a де member of а 
little community, a new comer ought cheerfully to take such a 
sbare of them as falls to his lot, knowing well that if he is able to 
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make himself properly proficient at higher things, the rudimentary 
work will very soon naturally drop otf his back and descend to 
some one else. Secondly, that part of a thorough knowledge of 
architectural practice, is a personal acquaintance with every detail: 
of office routine. And thirdly, that some of these are more 
useful thau they seem, especially the seeing strangers who come 
on business, and putting down messages correctly. This work, 
which pupils are very apt to think derogatory to their dignity, is 
very good training, and often the only training that will come in 
your way for years in that most necessary accomplishment, the 
conduct of business interviews. 

Сопрпа to the regulations with respect to punctuality in 
attending, and if the customs of the office allow, as is the case in 
many ойсев, a certain amount of licence to pupils in respect of 
absence during the day, let me urge you seldom, if ever, to avail 
yourself of this permission, except for things which more or lesa 
directly bear on your studies—such as going to visit the museums, 
the galle,ies of pictures accessible, any works in hand within 
pem and all the good buildings, ancient and modern, you can 

nd. 

By-and-by, little by little, the young architect will find the 
chaos shaping into something like order: he will begin to under- 
stand drawings, and buildings, and office work. At this stage 
common construction is the portion of the work which it seems 
to me invariably, or all but invariably, takes the principi! share 
of the attention of young men in au office, supposing they have 
begun to use their instruments freely (for it takes many months 
to master this thoroughly, I think few meu who have been less 
than two years in an office would ink iu a set of drawings and 
leave all the straight lines straight and firm, and all the circles 
round) Ву common construction I mean the ordinary routine of 
putting a building together, how trimmers are managed, how 
arches are turned, how walls are plastered, and so forth. This 
is all well; master it all, but let me entreat you, at as early a 
date as you feel yourselves getting the rudiments of office work 
into your heads, to ніш at the highest parts of your profession. 
Ав for construction, master all that is simple, but do not rest 
eonteut with the simple work if anything unusual, difficult, 
large, or complicated is going on in the office. Do not consider 
that such work is for the senior clerks to do all by themselves, 
but seek to be pend to join іп it. You may be unable to do 
any of the work, but try to make yourself master of the prin- 
ciples, check the calculations and understand the contrivznces. 
One difficult thing so mastered is worth, and in fact will teach, 
many minor matters. 

Make it a rule however, that whatever construction enters 
into your drawings done in the office you well understand it all, 
aud put it down correctly. This will involve giving a certain 
amount of trouble to fellow-clerks or pupils, aud may here and 
there introduce delay into things which you might wish other- 
wish to hurry; but be obstinate if necessary, both with yourself 
and others, on this point, for withont it the habit of shirkin, 
difficulties instead of mastering them will be formed, your wor 
will be slip-shod instead of thorough, and your progress will be 
apparently perhapg rapid, yet in truth not real. 

But mainly and chiefly set it before you as your principal 
object to learn all the art you can from the works in the office. 
From the first try that your very simplest drawings shall have 
something draughtsmanlike about them, and take every oppor- 
tunity to get such artistic work to draw, or especially to ink in 
from others pencilling, or at least to trace, as you can secure. Do 
all the detail drawings anyone will let you do, and strain every 
nerve to do them well. If by-aud-by some little work is 
entrusted to you to work out the drawings, and draft a вресіб- 
cation for the principal's eye, let no pains be spared, no effort 
omitted, to make your work as good ав it can be, and especially 
in as good taste. 

Even art-work however, must not occupy all your time in an 
office; take a share in all the busineas tbat goes on, especially if 
there be a little practice in estimating to be had. Perhaps there 
may be land-surveying, perhaps levelling, perhaps surveys and 
estimates for dilapidations, perhaps some other subsidiary work 
in the office. If so, try to see enough of it to understand the 
principles on wbich it is done, and to get a general practical 
acquaintance ‘with methods of procedure, so that if such work 
comes to you to do at any future time you may not feel quite 
strange to it. 

One other and most improving occupation connected with office 
life I must specially pass on your notice. І mean visits to works 
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in progress. If there із а good building, in fact, if there is any 
building being done by the architect whom you are with, within 
reach of the office, go to it as often as ever you can, and be all 
eyes and all ears when you are there. Make friends of the 
clerk of works, the builder's foreman, and some of the artificers 
of every trade, and ask all manner of questions, make all manner 
of investigations, remember all you can, sketch all the constrac- 
tion ав it goes on, and put down іп а memoranduin book all the 
principal matters you learu. Watch narrowly the effect of any 
detail, the drawings for which you may be familiar with in the 
office, as they are worked on the ground, and again as they are 
fixed in place. Get a notion of actual size—that is to say, try to 
understand what a foot in height or a foot projection will look 
like near the eye, twenty feet up, fifty feet up, and so forth; and 
strive if you can to know the building as an artistic work from 
begiuning to end. Learn it also as a atructure, find out which is 
good and which bad of the materials. Coax the mason to show 
you which is the bed-way of the stone, and the bricklayer how 
to bond each thickness of wall; watch the mixing the mortar, the 
throwing in the concrete, the varions steps of the work, and keep 
notes and sketches; and above all things sketch, as it is going on, 
all construction that is to be covered up, and all contrivances 
that are unusual. After all, buildings are the right thing. Our 
profession is not that of makers of drawings, but makers of 

uildings, and it is on the scaffold that you will best learn the 
practice of your profession. 

I do not thiuk І need go further in order to show that a young 
man entering an office has (if there із any work going on in that 
office} abundaut opportunities for learning and innumerable 
things to learn. e шау feel oppressed at the total want of 
system in this mode of acquiring knowledge as compared with 
the way in which all school studies are systematised. I know 
this is to some trained scholars a painful difficulty, but to some 
extent it may be overcome by establishing for one’s-self a system. 
Say you have three or four memoraudum books. One for mate- 
rials, one for construction, one for arrangement of buildings and 
art-work, aud another for office-work, surveying, measuring, and 
estimates. Whenever you learn anything fresh make a short 
note of it with illustrative sketches, in whichever book it belongs 
to; and with a little practice and a little aystematising, the con- 
teuts of each book will accumulate enough to prove to you that 
you are mastering your subject in an orderly manuer. 

The student, whether he goes to work in this manner or not, 
will ordinarily have no director but himself, but he will have 
many helpers. His relations with his master will vary very 
much with the temperament of that individual and the degree to 
which he is occupied; but if he gets по attention, it is in nine 
cases oul of ten his own fault mainly. It is seldom that a 
practiaing architect has it in his power to devote more than a 
few minutes at a time, at uncertain intervals, to any one pupil, 
and he cannot attempt to frame anything like a course of study 
for him; and many pupils are hardly aware that auything short 
of such a courae can be with advantage given them. It is how- 
ever no small privilege, if the office be at all а good one, to be 
introduced to the profession through it, to have the run of the 

oce and the works in hand, and to be sure of remaining in a 
good office for a considerable time, and to be recognised as being 
there, not simply to do the work and be made use of, but to 
learn. The pupil, because he is a pupil, will find many a little 
piece of information placed at his disposal, which would not be so 
readily accorded to а clerk who might need it quite as much, if 
he will but look out for it among his seniors in the office and on 
the worka. А pupil has however а right to more than this; he 
has а right to have his difficulties explained, his work made 
pleasant to him, his private reading and work aided; and for all 
these things he should from time to time address himself to his 
master, not taking the busiest moment of the day, or in some 
other clumsy manner making his application inopportune, but 
doing the thing with judgment and propriety; and if it be clear 
that he is really desirous to understand Ша profession, it will 
give his master great satisfaction to aid him. It would be 
specially gratifying sometimes to know what sort of work a 
youth would enjoy to have put in his hands, aud above all 
ae to know that opportanities of any kind either for getting 
good work in the office or for seeing buildings would be prized. 
Pupils have uudonbtedly a right to any reasonable privilege or 
assistance which they feel would aid them іп any way; and T 
strongly urge those of you who are ро Из, aud who feel 
that either there is something you cannot get ou with, or 


THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 


(Jan. 1, 1866. 


something you want to do, to make a friend of your master in 
the matter. 

There are however numberless points on which you can learn 
better and more appropriately from your companions in the 
office, from the foremen or workmen on the buildings, or from 
friends in such a society as this, than from your master. Lay 
them all under contribution, and strive early to ascertain what 
kind of knowledge you can get from each. Make sufficient notes 
of most of the things you learn, tnarking the sources from which 
you derived your information, and the dates, and keep these 
notes in as orderly and accessible a form as you can. 

Thus much for office life in Ив earlier stages. Pupils are 
now mostly articled for short terms, such as three or four years. 
I think, if it is a good office, that a youth may remain, as he 
generally has an opportunity of doing if he likes, a year or two 
in the same office with advartage after the expiry of such a 
term; but it will be of great advantage after from four to six, 
or at most seven years, to change, and spend a little time in each 
of two or three other good offices, so as to becoine accustomed to 
diversities of system and management, and to see different styles 
of work, before attempting to practice. 

The points which іп an office, and from the work going on 
under liis eye, a youth may be expected to learn fhoroughly, are I 
thiuk, these:—the entire routine of an office, and its drawings, 
documents, and books; the entire system of preparing drawings 
for buildings, from the first sketch to Ше last detail; the mode 
of representing on a drawing or a set of drawings, such as could 
be worked from, any thing of any sort whatever that can be 
built; the preparation of specifications. Тһе things of which he 
may be expected to learn the greater part, aud more or lesa 
completely, are perspective, and colouring; the couduct of business 
correspondence and interviews; the preparation of reports ou 
buildings; the superintendence of buildings in progress, and the 
regulating the accounts; the preparation of estimates, rough, aud 
in detail; measuring aud valuing work; dilapidations; surveys of 
other sorts; land agency business; land surveying, levelling, and 
other aorts of special work. 

Inthe office aloue, however, but a very incomplete education can 
be obtained; even sosirupleand necessary au accomplishment as per- 
spective, for example, cannot always be picked upthere—much less 
any complete scheme of the art and science of architecture, What 
supplementary aids then can we call in to our help? In Loudon 
we bave more public facilities than the country presents, aud I 
will try briefly to enumerate the principal of these facilities. 
First of all,in too many cases, a youth enters au arcliitect'a 
office, not altogether without a turn for drawing, but seriously 
deficient in the cultivation of his talents. As this is the most 
serious of all deficiencies under which he can labour, I cannot but 
think that to it his first attention should be devoted, and if he 
spends all or most of his evenings for six months, and three 
evenings a week for six montlis more, at a good evening drawiug- 
school, learning to draw the figure, he will never regret it. 
Landscape is only one degree less important to him, and any 
leisure which the other study leaves will be well spent over 
landscape drawing. 

Iam almost inclined also to suggest, if he have the misfortune 
to be deficient in his knowledge of French, that working at ^n 
evening French class will be desirable. The best architectural 
works are French, aud the best travelling language is French— 
and as I waut all students to read much and travel far, there 
seems to be here two very good reasons for cultivating this 
language, if it have been neglected. 

The uext matter to be attended to is the desirability of 
obtaiuiug a good systematic acquaintance with the history aud 
the general forms of past styles of architecture, and the theory 
and practice of construction. Fortanately, we have had for marty 
years in London excellent courses of lectures on these subjects 
from a most learned aud accomplished professor, whose perfec& 
knowledge of his subject was only equalled by his ability tg 
teach it —need I паше Prof. Donaldson?—and no lese fortunate? 
is it that, now that he has withdrawn from the Said 
perhaps the best qualified man who was available of th 
whole profession has succeeded to it. All students shou) 
attend Prof. Hayter Lewis’s courses of Lectures at Londo 
University College. То these they will require to devo 
two evenings a week for the winter months of tw 

ears, and по inconsiderable additional portion of leisn 
Тате. These lectures will be most advantageously atteud 
after one or more years have passed іп an office, and should hard] 
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1 think, be commenced quite at the beginning of pupilage. 
Another course of lectures, on the Arts of Construction, is also 
delivered annually, at King's College. ОҒ the ability of the 
professor, our well-known friend, Prof. Kerr, I need not say a 
word; and I should heartily recommend that these be also 
attended. In the davs of Prof. Hosking it was generally supposed 
that this course was not intende for architectural pupils, во much 
as for those who were to be military or civil engineers, but I feel 
sure that in the present professor's hands the course will be of 
advantage to any or all of us who can attend. 

At this Association students will fiud opportunities of self- 
improvement, such as will be of essential service. The most 
important features to men of two or three, or four years’ standing 
will be, I take it, our old established Class of Design, with 
perhape our more recent Voluntary Examination Class and Life 
School. The meetings and papers will also become thoroughly 
interesting the better they are known, though many of them will 
from the firat be liked. But the Class of Design is the institution 
that I most cordially recommend the young pupil to enter as soon 
as Не haa got a smattering of the rudiments ofhis art. It will do 
much for him that no other society can, and above all things it 
will fix his aims upon that artistic part of his profession which I 
am so anxious he should keep prominently before his mind. Our 
life-class will give him an excellent opportunity of keeping up and 
improving his draughtemanship; and our Voluntary Examination 
class will give hima very thorough insightintosome practical points, 
aud at least an acquaintance with many others. This class might 
with propriety be called the Class of Construction and Practice, as 
distinguished from the Class of Design; and if you will only join 
it in numbers sufficient when it starts next session, very shortly 
to commence, you will find yourselves well repaid. It is one of 
the most тај and pleasant features of the good old Architec- 
tural Association, that here a student makes friends. Few are so 
constituted that they can do without some companionship in their 
work, and here many friendships have been beguu which hava 
proved of great advautage during studentship, and of permanent 
value through afterlife. Let methen cordially invite, and sincerely 
advise, any who may be present to-night only as visitors, to join 
us without delay, if it be only for the sake of securing companion- 
ship in study. 

The next public institution deserving notice is the Royal 
Academy. The advantages offered to students are not great, but 
they are by no means contemptible, and they are entirely without 
fee. They include the use of an excellent library; lectures (those 
on architecture, when any are given, being uniformly valuable), 
а course of instruction in perspective, which those who have 
attended it speak of as excellent; admission to the exhibition of 
paintings; the opportunity of competing for medals, and ultimately 
the possibility of obtaining a travelling studentship. ‘The chief 
advantage, however, to the young student, I hold to be the 
stimulus of making a desigu for the purpose of obtaining admis- 
8120; and this I know to be яо valuable, that, while I would not 
wish any to try whose draughtsmanship aud powers of design are 
not sufficiently matared to give a fair chance of success (for it is 
always unwise to court disappointment, however willing we may 
be to bear it bravely when it meets us fairly); I think every 
popil who ешегв an office should make the Academy part of 

is programme, The period for trying will vary much with the 
student's proficiency; his third or fourth year ought ordinarily to 
вее him advanced enough to command admission. 

Occasional courses of lectures on such subjects as chemistry, 
mineralogy, geology, artistic anatomy, and other kindred subjects 
are giveu at the King’s College, at the School of Mines in 
Jermyn-street, and at South Kensington. Some of these are 
very valuable. 

The last public body I have to notice is the Institute. That 
body has students, who pay a small fee and have certain privileges, 
These I think are not sufficiently appreciated, aud I should be 
glad to know that more gentlemen of this Association availed 
themselves ofthem. Independent of this however, the Institute 
has done what ought to be of the greatest service to students, in 
putting into their hands a лора of the books and subjects 
they are likely to gain good from—in publishing a specimen 
examination paper, to show what sort of acquirements they 
consider a proficient student ought to have made, and what 
farther acquirements ought to be possessed by one who should be 
admitted to be distinguished; and above all,in holding the 
Voluntary Architectural Examinations, to afford students au 
opportunity of satisfying themselves that they have made good 
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use of their opportunities, and of declaring to the world their 
attainments. This examination ought to be in the mind and 
before the eyes of everyone as a thing to be prepared for and gone 
through. It would have been of the greatest possible service to 
the present speaker had such an examination existed when he 
entered the profession as a pupil, and had such a list of books 
and sketch of examination paper been put into his hands. 

The curriculum held out to me by my first master, а well- 
known practitioner of the oll school, not now living, was a 
simple опе : the Office—the Royal Academy—lItaly. They were 
all good as far &s they went; bu* a little guidance in some other 
respects, from some source or other, would have been of immense 
help. This guidance is now in many ways available, and I shall 
hold it a proof that young men at the present day are far more 
averse to hard work than architects ought to be, if in the course 
of a few yeara the examinations зге not attended by large 
numbers of students. 

Among public aids to study, I must mention libraries and 
museums. The best library for your purpose is the library of 
the Institute, accessible to you—either as associates, students, or 
temporary students. A fairly good one is that of the Royal 
Academy, accessible to students of that body. A very good one 
exists at South Kensington, accessible on the payment of a МЕНІ 
moderate fee. АП these are open on certain evenings as well 
asin the day. The British Museum library is for some purposes 
unsurpassed, but almost too unmanageably large for an ordinary 
student. It is open only in the day, by reading ticket, obtainable 
on the recommendation of any known professional or reading 
man. The library of the Commissioners of Patents—open 
perfectly free, but only in the day—iucludes many architectural 
books. At Sir John Soane's Museum there is an architectural 
library, but of its value I am not able to speak; and lastly, the 
library of the Architectural Association, if not extensive, and 
lacking many very necessary books, excels all others at least 
in its system—for it is а lending library—the only one, therefore, 
from which the student can get help in his work at home. 

Of museums, the Architectural Museum at South Kensington 
together with the immense art collections availablethere, is by, 
far the best. The best collection of architectural caste accessible 
is however, I think, at the Crystal Palace, The British Museum 
has many good objects of art—especially in sculpture. For the 
general study of the arts, South Kensington and the National 
Gallery present excellent and constantly increasing means; and 
the various private collections iu London, if you can gain access 
to them, or if you can see their riches in the loan-museums 
formed occasionally, are among the richest in the world. Finally, 
the different annual exhibitions, not forgetting the Architectural 
Exhibition, are all of them to be prized as means of artistic 
culture. | 

We have now considered office opportunities and such public 
facilities for study as London offers. It remains that we con- 
sider what the young architect may do with his own Ише, iu his 
own room, ог on his sketching tours, iu order to fit himself for 
those branches of his professional practice the necessary know- 
ledge of or skill in which is not to be obtaived at the office or 
from public lectures. In order to make the best use of his time 
a student should systematically economise it; he must be as 
systematic as he can, as constant as he can, and as regular as he 
can; he must not pore too much over опе thing, but on the other 
hand he must avoid distracting his attention among too many 
studies at once, or in other words, having too many irons in the 
fire. Above all, he must not work too long, especially at night: 
health and eyesight will ultimately suffer, and he manages 
matters very injudiciously who finds that when he has completed 
his studies he has rendered himself unable to put them to any 
practical use. I never however heard of morning work doing 
anyone much harm, and if any of you are energetic enough to 
rise betimes to study and draw, I believe you will never regret 
doing so. 

There is a great deal to belearned that cannot be learned in an 
office. I have already referred you to courses of lectures ая а 
most valuable means of acquiring much of this knowledge, but 
some cannot attend such courses, and those who can uire to 
know many things for which it would be idle to depend upon 
them solely or mainly. The student must therefore make up his 
mind to devote а large portion of his leisure time for many years 
to various studies and pursuits requisite for his purpose. 

I believe many minds are embarrassed, іп the prospect of 
attempting so large and various a mass of acquirements, by the 
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apparent intricacy as much as, perhaps more than they аге over- 
whelmed by the amount of the work to be done. They cannot 
tell where to begin, and what to be at first, and they possibly 
yield to a kind of despair, oppressed hy a difficulty to which they 
have failed to find the clue. Now it often really happens that, 
though the field be very vast, the part of it actually open toa 
student is but moderate. во, his duty is very clearly to occupy 
what lies before him; for example, suppose he has but few build- 
ings available, but has acceas to one church of good original 
workmanship, ас has time to make some careful studies, but 
the style is Perpendicular, while he understands that twelfth and 
thirteenth century work was the finest. What of that? Perpen- 
dicular is, among the things to be known, studied, and drawn, 
and if he masters it now he will be all the more at leisure to 
study Early Pointed examples when he meets with them. Or as 
to books, he has only a few, and they not the most modern. 
Master them nevertheless, for though modern observation has 
extended our field, it has left the bulk of what wna already known 
unchanged. In architecture, whether you consider history, 
science, art, or material, you cannot establish in any а proper 
and uuchangeable sequence of things. You may either begin, if 
the history for example is your study, with the practice of the 

resent day and our own country, and work back; or you шау 
bea the history in the middle, and work downwards, and 
прве and sideways; ог you шау begin at the commencement 
of all time, and follow as best you may the stream of events. 
Either plan has its advantages. Similarly, you may with equal 
readiness commence the art by that of a foreign country and 
come homewards from that starting-post, or begin at home and 
spread outwards. 

I think then it is sound advice to say, that if anything within 
the range of your proper studies offers itself, either through your 
happening to possess peculiar facilities for Из study or through 
Из presenting itself to your mind as desirable, seize it, and begin 
by it. Knowledge gathers like a snowball, from a very small 
nucleus, and will gather pretty nearly as well upon any genuine 
nucleus; indeed, nothing is more surprising than the way in 
which, when any part of a subject is thoroughly well known, 
other things range themselves before and behind it, and attach 
themselves to it. For example, to recur to the instance I have 
already suggested, the opportunity of studying one aucient 
church. The man who has really and completely done this has 
made а vast stride towards the study of the whole of English 
church architecture. You cannot know the characteristic mould- 
ings of one jamb or one mullion, without gaining some insight 
into the principles upon which all mouldings are designed. You 
cannot become familiar with those points which аге specially 
marks of date, without learning something of how what preceded 
and what followed was treated; and you could not understand 
one bay of a vault or one tracery window without finding that 
you had gone through the worst part of the difficulty of studying 
all vaulting and all tracery. Whenever at а loss then to decide 
what to begin with, remember that to begin with what is most 
within reach, is ordinarily not only easiest but wisest. 

There may however be those who, having fairly the oppor- 
tunity of selection—a good library available, a good set of photo- 
graphs or casts or engravings at command, or in some other way 
^ means of choice at hand—cannot exactly be said to have any 
one thing offering itself to their notice more prominently than 
another, and are forced to make a selection and to form some- 
thing of a plan of study for themselves, In this case it can 
hardly admit of doubt that the wisest thing is to begin with some 
portion of the highest and best рагі of the profession—the art. 
Always put the art first, and let even such all-important studies 
as the history of architecture, be subsidiary to the knowledge of 
the actual artistic and structural forms, and the power of draw- 
ing them, and of designing and grouping similar forms. But where 
in the extent of varied periods and styles of architecture 
should the study of the art be begun? If possible, I think, with 
the architecture of one of the best periods; if one can be found 
free from great complication and extreme elaboration. As there- 
fore the earliest phase of Christian art iu Europe unites all 
these characteristics, and is moreover, pretty fully illustrated in 
the best hand books, ially the French ones, and in many 
photograpns, I should be disposed to say decidedly, begin the art 

y making yourself familiar with the forms and general aspect of 
what is termed Romunesque architecture. This architecture, 
especially the French variety of it,is very beautiful, yet very sim- 
ple; ascending from it you go back in a clear course to the art of 
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Rome, Greece, Egypt; and descending уоп come down through 
all the varied styles of Christian art to the present day. Study 
it chiefly with the pencil, and as far as you can from existing 
examples and plaster casts, when these fail, from photographe, 
engravings, and booke. After you have got to know the English 
Norman, and how far it differed from the cotemporary and 
earlier work of France and of Italy, and have drawn some of the 
most interesting features,such as doors, west fronta, cloisters, 
you will find an inexhaustible mine of wealth in the enrichments, 
especially the capitals, of which good casta are very easily obtain- 
able; and Т really think that if you take my advice in this 
particular, and master the Romanesque work of Europe, from the 
earliest churches of Rome or Ravenna to the transition of 
Norman into Early English, that you will not need any further 
advice as to progress so far as the later styles are concerned. 
In picking out your examples from the various books you will 
have learnt half of what thay have to tell as to the later develop- 
ments of Christian art, and your course downwards will be easy 
enough. 

I shoald like however strongly to urge the desirability of going 
backward as well as downward, and learning what was that 
Roman architecture from which sprang the Romanesque, and 
learning to know and to venerate that refined and yet vigorous 
Greek art from which sprang most of whatever we have that is 
good. Study also the development of Roman into Renaissance, 
and learn to know something of the meaning of an “order,” a 
“ module,” aud the other formule of the Italian masters, and 
this equally whether you have entire sympathy with it or not. 
It is disgraceful for a man who professes to decide against a 
school of art to know just nothing about it. 

The leading study of all these things should be drawing them, 
trying to draw things like them of your own design, and reading 
and making notes about them, but mostly drawing. Notice how 
they were put together (or construction), as well as how they were 
shaped and combined to satisfy the eye (or design). Early com- 
mence to try making designs, and if you adopt my advice, and 
begin your study of architectural forms with the art of one period, 
as for example French Romanesque, and confine your study for 
many weeks or months to that, you will of course during the 
same period do well to design also only in the same style. 

I think the arrangement and mode of construeting our Claas of 
Design, make it a capital opportunity for a young man of cul- 
tivating the very necessary art of designing. I believe it quite 
worth any student’s while to join the Association for this class 
only, and 1 very strongly urge it upon the attention of you all; 
adding to my hearty recommendations that you should join it, the 
one caution that you should in working out its subjects embrace 
every opportunity of showing the plans and some of the details 
as well as the general outline of vour design, not contenting 
yourselves with a showy sketch, but working it more or lees as 
though the drawing were to be built from. 

The competition for the various prires offered by this Asso- 
ciation, the Iustitute, and the Royal Academy, will from time to 
time offer you opportunities of trying your strength with the 
advantage of a stimulus to your exertions in the shape of a prize. 
I cordially recommend you to try them, and when more advanced 
I believe you will find it, as I said more at length in my paper 
“оп Entering Practice,” a highly advantageous mode of study to 
compete for actual buildings. All these competitions give you an 
opportunity of exercising yourself in the arrangement and 
adaptation of your building to Ив requirements and intended 
uses, an art not to be picked up just at once, but requiring to be 
gained by repeated efforts. 

Just as I have advised you to proceed in learning the elements 
of architecture as a fine art, I would advise you to some extent 
to learn it as a constructive art. If from any accidental 
circumstance any special material or any special branch of 
construction offers itself to your notice or attracts your attention, 
seize it, and pursue it as far ав you can. If nothing of the kind 
occurs there, take one branch and master its elemente, and 
afterwards take up another. I am inclined to recommend 
earpentry as а good branch to begin with, next bricklaying 
and masonry, then joinery, and then iron construction. But 
you ought, as far at least as the rudimenta go, to be learning 
the first rudiments of all these arts, except perhaps iron-work, 
pretty much at the same time, from your office work and your 
visita to buildings; and I do not think you can go wrong in 
considering all these arta under the general head of construction, 
and regarding them as one study, so far as your ordinary office 
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and building observation (taking Dobson’s Art of Building as 
your hand-book) will carry you. This mu t be going on at the 
game time as the rudimentary study of the art, and the cultiva- 
Нов of draughtsmanship. The subsequent systematic pursuit of 
the less elementary portions of the different constructive arts 
waich I have named, taken up one by one, ought to go on at 
the same time as your designing and your more advanged art 
studies. Before we can advance al all iu architecture asa fine 
art, we require to know at least something of building as a tech- 
nie art, and before we advauce far, we require to know much 
of it, for all true architectural art is the out-growth of sound 
construction, and stands to it in something Ше same relation that 
poetry holds towards prose, or painting towards descriptive 
geometry; and though the simpler features and forms of archi- 
tecture, soch as doors, windows, columns, and arches, сап be 
understood aud mastered without any profound constructive 
knowledge; the case is different as you go оп and begin to learn, 
or totry to design entire buildings, or the more complicated 
parts of them, such as vaults and roofs. You will find that you 
require to understand these before you can observe, measure, or 
draw them with advantage; and above all, before you can design 
them so that they look well, or would be likely not to fall down if 
they were built. 

this part of your studies will be very much advanced if you 
"ens some time at the joiners’ bench or the masons’ banker, or 
if you take the post of clerk of works on a good building. The 
objection to entering a workshop, unless you know all about the 
place you are going to, is that you are liable to hear bad language 
and see bad conduct. This risk is run everywhere to some 
extent, but it is most undesirable for a very young man to be 
more exposed to it than necessary; so that special care should 
be takeu to know what the habits of the men are among whom a 
youth is placed before he be sent into a workshop, but Г believe 
it to be most beueficial, and to promote a more thorough 
knowledge of the minutie of construction than any other 
process. When you make a thing with your own bands, you 
ean hardly fail to understand it. 

Employment as a clerk of works would be, I think, readily 
obtained by most skilful well-trained office hands of some years' 
standing if it were sought. The duties afford an admirable 
opportunity of learning both how a building is constructed from 
first to last, aud how an architect ought to conduct his business. 
Every weak point in the plans and specification becomes known 
to the clerk of works—every unezpected occurrence of whatever 
nature on the works comes under his notice; and if any of you 
on my recommendation or otherwise get а twelvemonth's occu- 
pation as clerk of works on & good building, I will engage to 
aay that at the end of the time you will feel as if you had never 
learned so much in the same space of time before. I may also 
fairly say that, if such engagements are useful to yourselves, I 
should fully expect them to prove on the whole more useful to 
your employers than the employment of average clerks of works, 
judging, however, in this expectation rather perhaps from what 

hear, than from my own experience. 

After the two broad and very comprehensive subjects of the 
leading forms (and principles of composition) of the main 
European styles of architecture, or most of them, and of materials 
and construction, there come a large number of other subjecta, of 
which it is desirable to know some; but of which few (if any) 
know al. I ат not now going even to attempt a complete 
enumeration of them. You will find most of them enumerated 
or referred to in the Institute programme of examination and 
list of books; and as a general rule, I may say brcadly that any 
knowledge you can get on any of these subjects ia desirable; and 
that some of them are indispensable. 

Of the indispensable subjecta, I may briefly enumerate warming 
and ventilation, drainage, and some outline of the laws relating 
to contracts and to Fidis As examples of less essential 
though most highly desirable acquirements, I may cite minera- 
logy, geology, chemistry, the laws of light and sound, heraldry, 
botany, and mechanics. 

Ав ezamples of the other stadies or arts bearing on Ше fine- 
art part of the profession, I may name as essential the principles 
and something of the practice of decorative colouring, and the 
chronology of architecture, which is indeed the history in 
minute detail, and which, as far as English Architecture is 
concerned, you will learn beat by gaining a very intimate acquain- 
tance with all the details and all the dates of a few good build- 
ings extending over а long period of time. Other acquiremente 
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are the art of modelling or carving, special acquaintance with 
stained glass, metal work, jewellers’ work, enamel work, mosaic 
and other inlaid work, landscape gardening, etching, lithography, 
antiquarian research, and such special ае of it (as for 
example ecclesiology) as bear upon buildings, or decorative art. 
An excellent statement of the nature and claims of all these 
branches of art may be found in Mr. Scott's paper which he read 
before us two years ago, and in one which, a short time previous 
to that, he had read at the Architectural Museum. 

In these studies, in fact in all the studies I have urged on 

our notice, great help is to be gut from good books, A few of the 
t books of reference ought to be part of your earliest acquisitions. 
The Institute list supplies the names of most of the most useful 
ones, but its list makes a much larger library than you will be 
able for many years to hope to acquire, or would indeed need to 
possess. Gwilt’s Dictionary is one of the most universally 
useful books we have; Dobson's Art of Building, and a few 
others of Weale's Handbooks enumerated in the Institute list, 
аге desirable and not expensive. Next to these I should place 
(if you read French) Viollet-le-Duc's ‘Dictionnaire; or, if that be 
too costly, De Caumont's ‘Abécedaire.’ Rickman, ‘The Glossary,’ 
Paley's Mouldings, and some of Pngin's books are among the best 
known handbooks for English Gothic; and the best guide that 
T know as to how to study English Gothic buildiugs is Sharpe’s 
* Parallels; Nesfield’s book, and Shaw’s, are good examples of 
draughtsmanship, but very far inferior to Sharpe in analysis and 
arrangement. 

For Classic styles, Chambers, and a compact edition of Stew- 
art and Revett’s Athens, are good to start with, and to these you 
can add some of the best French and Italian books as you go on. 

Ав you go on of course шапу authorities and bouks of all sorts 
will have to be consulted. I have merely named the above, that 

ou may have some idea of what to turn to first; but besides 
books of reference and books of engre rings; you will find it 
interesting to peruse some of those works which treat of our art, 
or of portions of it, in a critical manner, histories, biographies, 
and general works ou art. As examples I will cite the his- 
torical articles in Viollet-le-Duc’s Dictionary; Mr. Pettit’s 
books; Mr. Ferguson’s Handbook, and other works; Street’s 
t Brick and Marble Architecture;' Scots * Westminster Abbey,’ 
and his * Domestic Architecture;' above all the early portions of 
Ruskin’s ‘Stones of Venice,’ together with, for more miscellaneous 
reading, the best of Ruskin's other works, Sir Joshua Reynolds’ 
*Discourses;! Cellini’s *Autobiography;  Roscoe's ‘Lorenzo di 
Medici! All these, as soon as you have acquired some facts and 
want to know more, will be read with pleasure and profit. But 
mark me, till you find they give you pleasure these books will 
yield very little profit, and bad better be left unread. 

For purposes of study, I doubt if photographs are so 
useful as moderately good engravings. They are it is true 
wonderfully faithful, but their effecta can only be approached by 
a draughtsmanship more finished than most students can boast; 
and І believe studies from prints and plaster casta will oftener be 
found instructive, partly owing to their being less disheartening 
to make, and partly owing to their being selected subjecta, which 
in the case of prints are given in the shape of studies, and ш Ше 
case of casta arein the most advantageous atate for being studied. 
But photographs will serve better than most things, the very 
important purpose of assisting the student to surround himself 
with good architectural forms. I hold it of the greatest im- 
portance that there should be some beautiful objects about in your 
room, upon which your eye may daily fall and constantly rest, во 
as to correct some of the deadened perception of beauty and 
vitiated taste which we cannot hope wholly to escape, living as 
we do in acity replete with the base and the hideous, and in an 
age when almost every common article of furniture, of dress, and 
worst of all, of ornament, is either utterly worthless, or far worse 
than worthless. A few good photographs, two or three good 
casta, and some bita of good Japanese, Chinese, or Indian colour- 
ing, in papering or screens, or a bit of carpet, need not cost much, 
and they шау save your eyes and your taste from ruin. 

Let no scheme of study be so arranged and prosecuted as to 
become a wenriness and to excite disgust. You can hardly 
become tired of drawing if you only select good subjects; nor can 
you well draw too much. But of most other sorts of work you can 
do too much; beware, therefore, of this, and he especially careful 
to include in your reading those books which interest the reader, 
which enlarge and elevate his view, and which are written with 
enthusiasm. 
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If, however, all this be pursued with diligence and success іп 
your own rooms, or in libraries, or by the help of lectures, there 
remains to urge upon you yet one more thing, without which 
your book-learning will lose half its ettect. I mean the study of 
buildings themselves. You must draw from entire buildings, and 
you must draw from separate portions of buildings, if you are 
ever to make good buildings yourselves. 

London presents few fiue subjects for such study, but still enough 
to be of the greatest value. Of the style which I recommend you 
to begin with, there are very few examples here, but in the 
chapel іш the White Tower we have one of the purest and simplest 
specimens of Romanesque work that England contains. A few 
fragments may be found at Westminster, and a little good work 
by going as far as Rochester, but there are excelleut casts at 
South Kensington and Sydenham. Of all the succeeding styles, 
however, Westminster Abbey presents examples of the highest 
value; nur is St. Saviour's, Southwark, to be overlooked. Leave 
to draw іш the Abbey із easily got, and in the summer mouths 
leisure to go there will usually be readily granted by any master to 
any pupil found makiug geod use of it. Avail yourselves of this 
privilege to the utmost, aud transfer а large part of the Abbey, 
especially of its interior, to your sketch-books. Of Italian work 
we have some excellent modern examples in the Pall-mall club- 
houses, and earlier ones, but with less accurate detail, in St Paul's, 
and Wreu’s churches. 

Of Greek and Roman and Oriental architecture we have no 
specimens visible, except some fragments of architecture, and 
many noble works of sculpture, in the British Museum; but both 
of these and of other styles we have the most extensive, complete, 
and classified series ofcasts which the worldeveraaw, in the Crystal 
Palace. It is an excellent place to see and to sketch in. Leave 
to draw there is readily obtainable, and it appears to me extra- 
ordinary that во few persons avail themselves of so complete a 
series of architectural examples. Тһе Architectural Museum 
casts are readily accessible, aud among them you will find. much 
to work from. But at once the pleasantest and the most useful 
mode of studying buildings, is to joiu some friend, ifa little more 
experienced iu such matters than yourself so inuch the better, in 
an architectural walkiug tour, and to spend your summer 
holiday in that manner, or, if it suits you better, to go alone. 
No more pleasant way existe of blending recreation and improve- 
ment, and nothing can do so much to keep alive and increase 
your own interests in your profession, and to waken in you that 
enthusiasm for it, without which you cannot hope to reach the 
highest eminence in it, as this mode of study. 

At some period, probably after not less than four years—and it 
may be aftera great many more—the student should make а 
long journey, principally on the Continent. This is happily а 
tolerably well-recognised custom. It із опе which cannot be safely 
omitted. І do not think it necessary here to spend much time 
upon indicating rcutes and places to visit, only let me urge that 

lenty of time be given to Italy, not only for architecture, but 

cause there you are are more thoroughly steeped in an atmo- 
sphere of fiue art of all kinds than elsewhere. For Gothic work 
France far exceeds Italy in value to the student, but the time iu 
Italy will be felt to have been of greater value, in making him an 
accomplished student of art in all its branches. If possible, some 
time should be giveu to Greece and Egypt, and Asin Minor. 

Perhaps 1 ought to say something here about how to study a 
building, and first let me say, that if you can approach it with 
some previous knowledge of what you are to find in it, you will 
gain more from it than if you come to it quite a stranger, 
and if this is uot practicable, the assistance of a skilled observer, 
familiar with the buildiug, and who will draw your attention to 
its remarkable points, will help you very much in your observa- 
tion of it. The sort of sketches you should take will be determined 
to some extent by the nature ofthe buildings. Some a:e more 
appropriately used as studies of detail or ornament; others, and 
these the best, are also as useful, as teaching general 
design. These last vou cau often best study by first making 
a rough plan, if there beanv peculiarities of plan, and then one or 
more sketches in perspective of interior or exterior, or both. But 
I am disposed to recommend beginners to make the principal 

rt of their sketches, for some time to come, geometrical, and not 
In perspective. This mode has the following recommendations—it 
is the wode of working to which they are most accustomed, it pro- 
duces very practically useful drawings, and, most impo of all, 
it cannot be done without the student's devoting somé amount of 
thought to the work. I should therefore RE theattempt, 
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especially with moderate sized portions of buildings, to reduce 
them back—in studying them—to the same drawings which you 
May suppose would have been needed to be made for the original 
construction of them. Take for example an east-end of а chuch, 
studied from outside, the sketcher having a block, a two-foot rule, 
a small T square, and а bow pencil I should first roughly 
measure or pace out the width, and, then retiring a little away, 
carefully compare the width and height, aiding myself b 
holding my two-foot rule at arm’s-length, alternately horizontal, 
as parallel to the building as I could get it, and vertical, hangin 
perpendicularly. This tells approximately what height an 
width I have to provide for, and consequently, to what scale 1 
must workin order to getitallinon mysheetofpaper. Ishould then 
measure and draw to scale with as much care as was requisite the 
lan of my east end, putting it at the bottom of the paper. Then 
P should rule up the vertical lines, aud, as far as I could reach 
them, measure the heights. Whenever I could, above the points 
to which I could reach, I should ascertain additional heights by 
any such means as counting courses of bricks, or (if there be such) 
counting uniform courses of stone, or by measuring the height of 
quarries, or the distance apart of saddle-bars in windows, and calcu- 
lating the dimensions by the number of repeats. In this manner 
you will get up some way; for the remainder a trained eye, and 
the careful use of your two-foot rule hung up at arm’s-length, as a 
scale by which to сошраге ascertained dimensions with those not 
measurable, will give you all your heights to within a very few 
inches. I should turn in the curves, should try to add a section 
by the side of the elevation, and should afterwards proceed to 
draw very carefully, as separate studies, the profiles of the 


“mouldings, sections of mullions and tracery-bars, and caps and 


bases; and in fact, as many details ав time allowed, or as thera 
seemed need for, whenever possible, getting up to the mouldings 
with ladders, «с. Iam persuaded that this plan pursued for some 
time will help the student thoroughly to understand the 
buildings he has to draw in the early stages of his out-door 
studies, and also thoroughly to understand the nature of geome- 
trical drawing. 

As proficiency advances, you will feel more and more able, and 
more and more inclined, to draw in perspective, and this is the 
mode of study most natural and most pleasant to the advanced 
student; but you should always bear in mind that it is more 
possible to miss the peculiarities which give rise to an architec- 
tural effect, when you are working in perspective, and drawing 
the effect itself as you see it, without being obliged to satisfy 
yourself as to how it was produced, than when you are 
studying in the analytical method I have just described. Іш 
perspective work you will find в camera lucida very useful. 
Occasionally a finished outline of a very difficult subject may be 
completed under it, often, perhaps usually, its use will best be 
confined to the first quarter of an hour; in which time you can 
mark lightly the position of every object on the paper, and 
rough in the shapes and relative sizes, completing your work by 
eye alone. 

Details of ornament should be sketched as large, and with 6а 
careful an attention to peculiarities of character as possible. 
Profiles of mouldings should be carefully, very carefully studied, 
accurate protiles full size being obtained when possible by one 
or other of the modes recommended by Paley in his ‘Manual of 
Gothic Mouldings’, and the student, when he does not work full 
size, should if possible ascertain the dimensions of the mouldings 
and figure them, and make a memorandum on the sketch of how 
many feet above the ground level such monldings are placed. 
He should also observe the effect, the light and shadow, the air 
of breadth or of intricacy, of richness or of simplicity, of strength 
or of weakness, which each group of mouldings possesses, and 
should note, as far ав he can find it out, what causes produce the 
effects he observes. 

Lastly, structure, such as the jointing and coursing of masonry, 
the framing of joinery, &c. should be shown as far aa it can be 
found out, and always shown with a scrupulous regard to accu- 
racy, and, as a rule, these sketches should not be touched after 
leaving the buildiug, so that they should form trustworthy 
memoranda for all future reference of what you saw while you 
were looking at the building. Structure, let me observe, tnay 
often be admirably studied in a ruin. You learn much from 
trying to find out why one part has stood while another has 
fallen; and you have a famous opportunity of secing how the 
old men put their work together, when you see it coming to 
pieces under your eyes. 
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These studies will mostly be made іп pencil, but, if the student 
ean colour, he should make coloured sketches from nature along 
with his other work. If you acquire the habit of sketching 
standing, which is easily learned, it will save you, when working 
in а town, from much annoyance, for you are much less readily 
seen, and it being much more difficult to look over your shoulder, 
you are much less liable to be molested by the curious than 
when you sit down. 

It is an advantageous plan also to make the attempt from 
time to time to describe a building in writiug; this may fill up an 
evening sometimes on your tours. You should шаке such 
deacription exact and accurate, but at the same time somewhat 
picturesque, emulating such descriptions аз those in the books 
of Street and Pettit. Such descriptions will be found un- 
expectedly, perhaps, to be of great valueto you when you consult 
them in vour journal Тһе making of them will be of great use 
at the time. 

T ought perhaps to say something about measuring. I am not 
of opinion that the making hasty aud perhaps inaccurate sketches 
and figuring them with careful dimensions is so useful, if that be 
all, as making a careful sketch either to scale or in perspective. 
But if you draw out the buildings as you measure them, then you 
get a more perfectly drawn authority thau in any other way is 
obtainable, and you work the building more completely into 
your head than by any other plan. f would, therefore, only 
measnre choice examples; and when they are measured take care 
not to neglect the working out the drawings. 

I have now gone through the leading outlines of what can be 
learned in the office, what on the scatfold, what in the lecture room 
and your own study, and what in your sketching rambles. It 
only remains to add a very few concluding remarks. The first is, 
that if what I have enumerated seems formidable іш amount, you 
must remember that it is the work of a life-time. You Бате not 
chosen a trade or a handicraft that can be learned in a few years, 
and then you have done with learning for the rest of your 
days; happily you have a profession where the oldest practitioner 
will find something new in science, something in art, something 
in practice, as long as his faculties retain their power. Don’t 
always be looking at what yet rema ns to be done, ог what seems 
beyond your reach, but concentrate your attention on what you 
are learning now, and what is within your reach. None ought 
better than an architect to understand the proverb, “ Rome was 
not built in a day "—yet Rome was built, and so will your educa- 
tion be accomplished if some part of it is done daily. 

If then you are fully occupied, and that with architectural 
work, feel content, make the best use of the work that is under 
your eye; and remember thia, that one good building thoroughly 
anderatood—so that you feel you could design it all de novo, both 
as to arrangement, structure, and architecture, could write its 
specification, direct its erection, judge of all its materials, profile 
all it mouldings, measure all its extras aud omissions, conduct all 
its correspondence, and, in short, make it, pull it to pieces, ana- 
lyse it, do with it what you will, ——one building thus completely 
mastered will go very far in making you an architect. 

I feel that I must pause for а moment to inquire, Have T 
drawn too favourable a picture of the acquirements attainable 
under our present much decried system? І think not, and the 
best answer Г can give is that very many skilful, educated, 
accomplished architects exist at (Пе present time in England, 
who have learned all they know iu the manner I have described 
to vou, except only, that few of them have had the advantage «f 
the lectures, the classes, the public libraries, and the Institute 
examinations. Yet of course a large number fail to profit —some 
of them, if there were а schoolmaster over them to hold their 
noses to the grindstone, would learn more and perhaps do better, 
but these are not the best class of men. The peculiar advantage 
of the English plan is, that it brings the student very early into 
contact with actual work, and throws him to a great extent on 
his own resources. These arejust the circumstances under which 
а genuine English nature thrives best. At the time when one of 
v is preparivg actual working drawings, aud visiting actual 

uildings, and improving his leisure as seems best in his own eyes, 
a French or German student would be working exclusively on 
themes propounded purely as exercises, and arranging his studies 
ав directed by his instructor. Each plan has its advantages, but 
I am quite sure that the English plaus suits Euglish natures the 
best, if they be but genuine hard-working ones. 

I should, however, heartily welcome the prospect of such a 
school as Mr. Seott sketched out in that admirable paper he read 
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to us, and as tbe Institute partially prepared to establish. In 
recommending to you our classes here, I feel thav their work 
would be far better done with the larger means which such a 
school would bring to bear, while. they would be as far from 
binding you in the trammels of an academy or of an at‘lier, ав 
Prof. Kerr or Prof. Hayter Lewis's lectures are now; and | cannot 
forbear expressing my hope that the year of Mr. Beresford 
Hope's presidency of the Institute will be graced by the estab- 
lishment of this much looked-for school of architectural art. 

Meantime, let no one consider that he has any time to wait. 
Those who are waiting for the diploma before they offer themselves 
for examination, are not the men of our contemporaries who will 
hold it when it is given. Those who have come to the exnmina- 
tion period, and gone iu and passed, will get it. Thore who 
wait for it will find their time otherwise оссоред when the 
diploma is available. So with Mr. Scott’s school, ao with every 
other good that is to be. Seize the best advantage that lies before 
you, within your reach, under your hand. Come to our classes 
if those upstairs are not ready; follow what path is open, if the 
one you would like to pursue is not free to you. Above all, do 
not stint your labour. Avoid injury to health, eyesight, and 
vigour, but, securing enough leisure, enough recreation, and 
euough sleep, give all the rest of your time to thg study of a 
porn which, whether you look at it as an art, a science, or a 

usiness, will well repay your zeal. . . 

Looking on architecture ав ап art, the true pleasure felt by a 
real artist in his mastery of his work cannot be yours without 
long and patient study. Looking on it as а science, the security 
of all you do, the mastery over all your obstacles, nay, the possi- 
bility of faithfully doing your duty by the valuable property and 
the more valuable lives entrusted to your care in erecting 
buildings, is attainable only by study; and taking the humbler 
view of your profession as a calling in life, it is only after the 
most diligent study, and with the most careful attention, that 
you can hope so to carry it on as to uphold its dignity and your 
own reputation, and to conduct successfully the affairs it will 
impose upon you; andlet me add that, however private connections 
msy increase the chances of obtaining work which some of you will 
have, it is only thearchitect who is master of professional routine, 
of scientifi: construction, and of artistic design, who can turn those 
chances to account, and who will be able to gain honour and 
profit from his business. 

As you sow you will reap; as you study now you will practise 
by-and-by; and I therefore earnestly urge the devotion of all 
your leisure and the exertion of all your energy in a pursuit 
well worthy the best effortaof all ofus. More than allelse, I would 
desire to fix your attention on the paramount importance of 
a thorough mastery of the pencil. I will give draughtsmanship 
any prominence which may be secured for it by recurring to it 
ав I close this paper, and I will try to illustrate its value by 
remiuding you of a well-known speech of Demosthenes, the 
great Athenian orator. Of him it is told, that one asked him 
what was the first essential of an orator, and he said Action; 
and what the second, Action; and what the third, still Action, 
was his reply. Just so, and in the same sense, I would say 
that the first essential of an architect is Drawing, and the second 
Drawing, and the third Drawing. 


Жи, 


Illustrations of Old Testament History, from the Royal MS. 
2 B. vii. British Museum. Ву М. Н. J. WzstLAK& nod W. 
Рсарге, Architects. London: Masters. Oxford: J. Н. & J. 
Parker. 

The above production of Messrs. Westlake and Purdue will be 
hailed with much interest and gratification by all concerned iu 
the study of Mediæval art, or associated with re-introductions 
drawn therefrom, as placing within easy reach a very valuable 
and highly auggestive original source from whence to gather ita 
proper spirit and to secure its characteristic sentiment and 
expression. 

It is an especial desire, indeed necessity, of the present day, 
that reference should be had to such authorities as are here 
exhibited, and it is therefore unnecessary to enlarge upon the 
fact of how much good service he performs in the field of art 
who, in however small a degree, disseminates, or to use ап ordi- 
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nary. phrase “ popularises" the knowledge of the treasures we 

of this kind. Messrs. Westlake and Purdue are eminently 
entitled to thanks on this score, and not alone that their contri- 
bution ів by no means а limited one—on the contrary, must have 
entailed an amount of labour and untiring perseverance which 
those only who have tilled on similar ground in like manner can 
furm any just conception of—but that it is one also which 
especially heralds the proper direction for our thought and 
study, aud points to the true and legitimate standards by which 
to hold and regulate our course. 

Having premised во far, it may be necessary that we now take 
a more particular view of Messrs, W. and Ps publication. It is 
ju fact, а copy, so far as outline and chief character and expres- 
sion is concerned, of the principal contenta of the well-known 
MS. . 2 B VII Musei Brittanici, commonly called Queen 
Mary's Psalter, & work attributed by competent authority to & 
date correspohding with the best periods of Medieval art. The 
contents of this celebrated MS. comprise a series of illustrations 
of Scripture history, each with ita appropriate glose, commencing 
with the fall of Lucifer, and ending with the death of Solomon— 
a beautifully illuminated calendar—a similarly enriched Litany— 
a Psalter and Hymnal—and several very interesting and highly 
coloured delingations of the prophets and saints. The first men- 
tioned were, with the Litany, iu part brought before the publie by 
Mr. Westlake in 1858, and have since been стара Ъу Мг. 
Purdue. ; 

In the original MS. the illustrations, іп the case of the 
histories, are but sparingly touched with colour, chiefly a kind 
of purple and a dull lake with green, confined, for the most 
part, to the dresses of the figures. For the faces and unclothed 
parta a kind of sepia brown is used. Each picture is enclosed 
within a border, coloured bright red, which is continued round 
each of the book, and finishes at each angle in a spray of 
three leaves, ahaded like the figures. aud әнші in black. 

It ia, perhaps, to be regretted that the colouring here men- 
tioned does not appear in Messrs. Westlake and Purdue's work. 
It would have been very useful, as showing how far considerable 
additional effect and character can be obtained with compara- 
ratively little labour. On the other hand, we perhaps вее the 
drafting capability of the mediseval limner more clearly, thus 
divested of the aid derived from the coloured finish. Another 
omission is also to be regretted. In addition to the Bible His- 
tories, at the bottom of each page of the original are a number of 
very curious grotesque subjects, such as are represented in the 
Bestiaries, and the MS. illustrations of the Sports and Pastimes 
of the period. Some of these are highly interesting in treat- 
ment, and the variety and originality of design is very exten- 
sive and inetructive. Asin the case of the Calendar also of the 
original МУ, where the head-piece of each page contains a repre- 
seutation of the employments of the months, the Signs of the 
Zodiac, &c., they are particularly worthy of attention and study, 
and would have added considerably to the general value of the 
bvok, viewed as an authoritative example for lixe introductions. 

As regards those subjects, however, which we have repre- 
sented to us, with ao many calling for notice on account of 
their general treatment, or other more specific merits, it is not 
easy to make choice. We may refer, nevertheless, to Plate ХІУ, 
of the series, for the grouping of the five figures on the right of 
the centre tree, “The men of the law” wondering at the 
act of Abraham breaking the false gods ** en despyt ;"—the similar 
grouping in Plate XXVIIL, where Joseph’s brethren exhibit his 
cloak stained with blood to their father ;—the four figures in plate 
LXXIIL, where Sampson shows Delilah to his father;—the Plate 
CXIIL, where, in the upper picture, Solomon is directing the 
building of the Temple, and, in the lower, receiving the visit of 
the Queen of Sheba,—in both of which tlie arrangement of the 
draperies in the figure is remarkably well conceived and ren- 
dered. To Piate CXVL we would also—passing over several 
ethers hardly less worthy—particularly draw attention. This is 
a most interesting nnd well-designed and drawn Radix Jesse, 
differing from the later and more general representations by the 
absence of the figure of the Blessed Virgin, which usually ter- 
minates the series. The principal figure, as is commonly the case, 
іш the reclining Jesse, his head resting on ап embroidered 
eushion, а rising tendril issuing from behind, enclosing in its 
eonvolutions nine figures. There are no names attached to 
these latter. David is, however, identified by his harp as occu- 
pying the centre compartment of the first range. Our readers 
will be able to judge for themselves of the suggestiveness and 
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value of this example from the illustration (Plate V.) which accom- 
panies this notice. 

The plates which follow the Jesse, and which are highly illu- 
minated in gold and colour in the original MS. contain, in the 
one case a series of single figures of apostles, and the three 
Mary's, preceded by a seated figure of the Saviour in majesty, and 
accompanied by a very beautiful picture of the blessed Virgin 
holding the infant Jesus, similar to, indeed, n1most identical with 
а painting of the same subject still (that is to say, a few years 
ago) existing іп one of the windows of Cliffe Church, in Kent; 
aud in the next of a similar series of figures, but here placed іп 

irs and forming а juxta-posed, or paralleled arrangement of the 

oly personages of the Old and New Testaments, each holding а 
scroll inscribed with a text, Jeremiah being companioned by St. 
Peter, David by St. Andrew, Isaiah by St. James major, Zecha- 
riah by St. John, Hosea by St. Thomas, Amos by St. James 
minor, and во on for twelve other figures, ending with Ezekiel 
аз coupled with St. Matthias. 

It would be possible to dilate, to much greater extent than we 
have hers done, upon all that may be derived from a reference to 
the work before us, and from a careful study of what it presents. 
We must however be content with what we have alrea:ly said, 
and to rest іш the hope that it may be sufficient to secure for it 
such а consideration as ita real worth would fairly entitle its 
producers to expect, and should, properly viewed, ensure. 


Art Foliage. By James К. Contre, F.R.LB.A. London: 
published by the Author, 150, Hampstead-road. 

The work before us is a valuable addition to our knowledge of 
art-decoration, and likely to be of great use to stone and wood 
carvers, as well ав toal] those any way engaged upon foliated orna- 
mentation. Mr. Colling has gone deeply into the subject, and 
has very clearly enunciated the principles which should guide 
the art-workman in the treatment of natural foliage for artistic 
purposes, which as he explains must, more or less, always be 
made geometrical, and arranged with symmetry іп accordance with 
its situation and purpose. One of the first things to be studied 
is the arrangement of the branches which constitute the leading 
lines These constitute the skeleton upon which the whole ie 
formed, and they should be made such as wil: best harmonise or 
contrast with the architectural or other lines which surround the 
composition. In the second place, the forms of the leaves aud 
flowers have to be considered, and to be altered or adapted from 
nature as circumstances may require. ln the third place, and 
one of the most important points, requiring great study and 
consideration, is the effective arrangement of light and shade. 
Then there is the position it is intended to occupy, wliether inter- 
nally or externally; whether it has to be placed close to the eye, 
or ata height; and, lastly, the material in which the ornament 
has to be executed. 

These various points the author has carefully and systematically 
examined in the body of his work, and has most ably illustrated 
by a series of boldly desigued enrichments of а very varied 
character, consisting of examples of coloured decorations, wall 

apers, inlays'of marble and of wood, carved diapers, and ironwork, 

sides many examples.of carving both in stone and wood, as 

spandrils, panels, bosses, string-courses, cornices, enriched mould- 
ings, capitals, corbels, fiuials, crockets, and brackets. 

The commencement of the work is devoted to what Mr. Collin 
calls “an Analysis of Form,” which is both interesting an 
highly useful, for a person who intends applying himself to the 
study of ornamentation, shouid examine the nature of form of 
every species when reduced to its first and most simple principles. 
This Mr. Colling exemplifies in a series of ten plates, tracing the 
use of geometric form from its most simple elements to its more 
complicated, and divides geometric ornamentation into three 
divisions, treating them under their separate headw of Diapers, 
Borders, and Centres. We consider this а most important part 
of the book, containing as it does a large amount of original 
matter which it is most necessary should be known to avery 
ornamentist, no matter upon what material he may be engaged. 
To our manufacturers especially engaged іп the ornamentation of. 
woven fabrics, this portion is likely to prove exceedingly useful 
and highly suggestive for new combinations of forms. It will 
inaterially aid them in relinquishing old conventional and worn- 
out ideas, and lead them toadopt a greater range of beautiful 
combinations. 

In illustration of his subject, Mr. Colling has not limited 
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himself to style, but has sought for examples among the Egyptian, 
Assyrian, Indian, Chinese, and Japanese—as well as the Greek, 
Roman, Italian, Byzantine, Romanesque, and Medieval. Besides 
this there are constant references throughout the work to leaves, 
flowers, and other objects in nature which are adapted to the use 
of the ornamentist, and the book concludes with a series of plates, 
cousisting of some valuable examples of natural buds, ferns 
leaves, lowers and fruit, which appear to be selected with great 
care, and to contain excellent suggestions, if worked out and 
studied in the same spirit as Mr. Colling’s own designs from 
nature, Nothing, however, requires greater care than the art of 
adapting forms from nature; for, ав the author traly says, “Natural 
foliage, however well rendered or cunningly carved, if merely 
copied from nature, without being translated by the mind of the 
artist, will fail entirely in its purpose, and be less effective than 
the literal copyism of the foliage from any of our architectural 
precedents. This caunot Ъз too strongly iusisted ppon, because, 
if we tell our artists that they should not copy from old examples, 
bat simply say, as it has often been said, that they should ‘ go to 
nature, we should soou be so deluged by literal representations 
of natural foliage, that this system of copyism would become 
worse tban the first. In the rendering, then, of natural into 
decorative foliage, there must be study and thought with life and 
beauty. It must be the creation of the artist's mind, and not a 
copy of this plant or that flower. 

г. Colling lias evidently gone iuto his subject соз amore, and 
with the earnestness of one who understands the subject upon 
which he is treating; and has consequently produced а book which 
we have little doubt will be highly appreciated. We have no 
work that so fully explains the application of nature for the 
purposes of ornamentation, and coming at a time when so much 
is being done by the carver and ornamentist in tlie various new 
works of great importance all over the country, we anticipate for 
it a most marked and deserved success. 


A Hand ook of Formula, Tables, and Memoranda for Architectural 
Surveyors. Ву Тонн Тномав Hurst, С.Е. London: Spon, 
Bucklerabury. 

This book contaius, in a convenient form forthe pocket, a con- 
siderable and varied collection of memoranda useful in surveying 
and the allied branches of business. Such a work has long been 
required, presenting as it does іп an accessible form а very large 
proportion of those details which, though they may be required 
at any moment, cannot easily be retained in the mind, or traced 
іо the large works which are standard authorities in the several 
branclies of science. We have here tables of the strengths of 
materials, and formule for calculating the strengths of beams and 
trusses of different kinds and scantlinge of timber and iron, as 
usually applied in building; memoranda relating to water supply 
and capacity of pipes and sewers, with tables; thicknesses of walls 
and retaining Palla: weights of materials; proportions of staircases; 
formule for calculating the efficiency of the mechanical powers; 
mensuration of superficies and solids, with tables and gauging. 
Then follows the measurement of builders’ work; memoranda as 
to building materials; constants of labour; schedules of dilapi- 
dations and tixtures; architects’, surveyors’, and valuers’ charges, 
and tables of weights and measures. There are also notes upon 
the valuation of property and reversions, with tables of interest, 
and the value of annuities, бс. The author does not lay claim to 
origivality, and in many cases acknowledges the sources from 
which the information is derived, the omiasion of this is however 
in some cases to be regretted, as, although the sources may be 
generally kuown, a book of this kind may usefully guide the 
student who is in search of fuller information. The work seems 
io have been carefully prepared, and, from the outline of the 
principal heads of information which we have given, it will be seen 
to be of great utility to the architect and surveyor. | 


—— —"pb—————— 


CUT-OFFS.* 


Tue controversy between the United States Navy Department 
and the builders of the Algonquin, enlivened by the trenchant 
letters of the constructor of her engines, has forced on public 
attention the subject of expansion by cut-offs. The sympathies 
of many practical men are with the builders. They eudorse 


their coutidence in the superior qualities of the engines, and . 


* From the Journal of tbe Franklin Institute. 
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their defiance of official opponente. Still the principles of physics, 
on which the result depends, are inexorable, and insensible to 
moral suasion or censure. There are those who think the mighty 
agent, upon which progress depends more than on anything else, 
has passed through every form and phase of trial, and that its 
value as a motor is exhausted in modern engines; others, with 
more reason, believe that, so far from our Ruowledge being com- 
plete, much of importance із yet to be acquired. Unacquainted 
with the parties contending and their experiments, without a 
shadow of interest in cut-offs, or the slightest prejudice in favour 
of or againat them, 1 think it has happened to them as to other 
devices to which credence has been given without дпе examina- 
tion and opinions taken up on trust. At the risk of having the 
remark applied to myself, I think they are imperfectly uuder- 
stood. The following thoughts are thrown out with the sole view 
of aiding in the discovery of the truth. : 

То economise steam by expausion has been a desideratum for 
well-nigh a century, and nothing conclusive has been attained. 
Conflicting opinions are still rife, and the government has 
charged a commission of experta to solve the problem by a fresh 
set of experiments. І have no faith in doubtful or hazy explana- 
tions of mechanical matters, пог is there any reason why any- 
one should. Whatever is uncertain vanishes when thoroughly 
looked into, aud every man of ordinary talent and persistence 
can do that. Such is the case with steam. 

Although the leading element in the civilisation of our orb, 
and one iu all probability never to be superseded, the properties 
of aqueous vapour are as palpable and plastic as those of other 
bodies. As complete control of it-may be had аз of them. It is 
weighed in the same acales, and its quantities ascertained by the 
same vessels of capacity as liquids and solids. A pound of it is 
а pound of water vaporised. The mode of using the measures is 
somewhat different than with liquids, but not less rigid and cor- 
rect. One holding a cubic foot of water has to be emptied and 
filled afresh until the required number is made up, whereas with 
steam several feet are commonly contained in the space of one, 
the number being indicated by the pressure. Hence pressure 
and quantity are complements and explicatives of each other. As 
volume increases, pressure diminishes, and vice versed, the quan- 
tity remaining the same. The smaller volnme may contaiu the 
larger: five cubic feet whose pressure із 40 lb. on the inch, con- 
tains 10 feet of 20 1b., or 20 feet of 10 lb., all three being equiva- 
lenta in cost, quantity, and power. The knowledge of this is 
essential to a correct appreciation of cut-offs, since as much, ог 
even more steam may be let into a part of a cylinder than would 
suffice for the whole. 

lt will be understood that I speak here of natural steam, not 
of that doctored by heat and more or less decomposed after 
actually or virtually leaving the boiler, —steam, of which every 
cubic foot contains, in round numbers, a cubic inch of water, and 
in the using of which nothing is left in doubt—nothing to mys- 
tify or perplex,—steam, whose power is increased by increasing 
its quantity, just as more heat is obtained by consuming more 
fuel, more light by turning on more gas, more wind power by 
enlarging sails to catch more of it, as the force of a gnn is 
increased by adding powder to the charge, and that of men and 
animals by increasing their numbers. То double the power of 
steam, the fluid must be doubled. Such we take to be tlie only 
reliable theory of forces, whether the motive agent be an elastic 
fluid, a liquid, а solid, or a living body. Yet vast amounts of 
time, talent, aud money, have been and are stil] being spent to 

rove steam an exception. Superheating it may, in certain cases, 
be found useful to prevent premature condensation, but that its 
value аз a prime mover ia thereby increased has yet to be estab- 
lished. It adds nothing to the substance of the fluid. Another 
query is, whether any alleged gain does not cost, all things con- 
sidered, as much or more than it is worth. 

If a sluice-gate be arranged to deliver more water on one part 
than on another of an overshot wheel, no more power could be 
got from it than from the uniform discharge of the same quantity 
upon it. The power would be in the weight of Ше liquid, and 
that would be the same in both cases. So with steam; it is the 
quautity let into the cylinder that determines the power, not the 
mode of letting it in. This is, however, questioned. Advocates 
of cut-offs insist that when the whole force or charge is opened 
on the piston in the first part of the stroke, and left to expand 
and follow it to the end, a better effect is obtained than from an 


equal (or even greater) charge let in regularly from the beginning ,-- 


to the end, or near the end of the stroke. 
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It haa been thus accounted for: “Ву the momentum given to 
the matter which the engine is moving—it may be the fly-wheel, 
or the steamboat itself, or the train of cars, all of which, when 
once set in motion, will not suddenly stop, even though all 
power were suddenly suspended from driving them, and which 
therefore will continue to go on under the diminished pressure 
of the expanded steam. Thus you see that, wher the steam is 
eut off from the cylinder, that which is in it continues to push 
on the piston with dimiuished force, but still with some force; 
and as the piston cannot stop, it absorbs, and through the wheola 
which it drives gives out again to useful effect whatever pressure 
is thus spent upon it, just as your watch will run all day, 
although the spring which drives it grows weaker and weaker 
as it із relaxed. The gain which can be obtained from the use 
of expansion is measured by the extent to which you carry it; or 
in other words, how short you cut off the steam in the cylinder. 
Ten expansions will do three times and a third as much work as 
no expausion, using the same amount of fire and steam.” 

Progressive movements dependent on varying momenta abound 
in every department of nature. Animals that go forward b 
springs or leaps are examples. The path of some Finds throu, i 
the air is a succession of ascents and descents—a series of uudu- 
lations or curves—rising by tbe action of their wings and 
descending without it. Тһе principle of thus applying force ig 
therefore а sound one, and the question is, its adaptation to 
artificial machinery and propulsion. We find it confined by the 
Great Engineer to organisms specially fitted for alternations of 
leaps and stops, and whose functions are incompatible with 
uniform speed. Neither the locomotive organs of natural ma- 
chines, nor the conditions nnder which they act, are applicable 
to ours, nor ours to them. There is not a rotary propeller in 
nature, while we have in the wheel the most equable and perfect 
instrument of progression. Its supreme excellence ів Из com- 
plete adaptation for receiving and transmitting continuous motion 
without jarring the masses it moves, and consequently without a 
varying momentum. With cut-offs there is of necessity an 
inequality of pressure ou the pistons, and therefore an inequality 
of motion in bodies impelled by them,—an effect fatal to stability 
and durability. If the second proposition in the quotation ін to 
Е госта, the laws of force aud resistance would seem to be at 

аше. 

The next dictum is specific, and not to be miannderstood. 
Could it be proved, a chief niche in the world’s Walhalla would 
be due to its author. That by the same quantity of steam more 
than three times the work can be performed with a cut-off than 
without one is incredible, and if true a miracle alinost as great 
as making three gallons of water out of one. If the resistance 
were greatest at the beginning of the stroke, and fell down to 
zero at the end of it, there might be cause for some gain, but so 
far from that, it may be considered uniform in bodies moved by 
steam, whether ploughs, ships, cars, or manufacturing mechan- 
isms. Whatever may be said to the contrary, we must cuntinue 
to believe, till controverted by facts, that there can be no saving 
of steam power by substituting a succession of impulses for con- 
tinuous pressure, except in cases where the resistance rises and 
falla with the piston’s movements. Whether there are such 
cases we know not, but it is certain that sudden changes of force 
and velocity are not the things for steam machinery, no more 
than are springs and leaps (sensible or insensible) for bodies 
moved by it. 

The popular idea is illusive. It is the impression of many that 
when the cut-off acts at half-stroke, half is saved; at one-third, 
two-thirds; and at one-fourth, three-fourths. They forget that 
pressure indicates quantity. Engines with cut-offs uf necessity 
use steam of greater tension than others, and the less the charge 
the greater the tension. The only difference is that one class uses 
small volumes of high pressure, and the other large volumes of 
lower pressure, the requisite quantity being the same in both. 
An engine is worked with steam of 100 1Ъ. on the inch, and cuts 
off at half-stroke. The mean pressure of the latter half is, there- 
fore, 75 lb., and that of the whole stroke 87 lb. on the inch. 
Observe that twice the force is expended on tho first half than 
suffices for the latter half, and (the resistance being the same) 
twice the amount reqnired. Where then isthe difference in the 
amount consumed between charging the cylinder with 87 lb. 
steam, and with it varying from 100 to 50 Ib. In every case aa 
much of tle fluid inust be admitted as will push tlie piston to the 
eud of the stroke, whether soon or later cut off. Another engine 
has а cylinder of the capacity of 12 cubic feet; aud requires 
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steam of not lesa than 12 lb. per inch pressure. This does # 
work without а cut-off. Suppose it be determined to apply d 
and eut off at/half-átroke, would not the tension have to be raf 
to 24 lb. on the inch; if cut off at one-third, to 36 1Ъ.; and if 
one-fourth, to 48 184 In fine, does it not follow that theoreticg 
there is no more to be gained by cutting off at a quarter tha 
half-stroke, and no more by that (unlesa in special cases allng 
to) than with no cut-off at all. To determiue how far prad 
conforms to theory there is a conclusive experiment—apply | 
same quantity of steam used with a cut-off to the same cylin 
without one. | 


——— —"ibbÓ.————— 


THE ARCHITECTURAL ASSOCIATION. 

Ат the ordinary meeting, held 22nd ult., Mr. Robert W. В 
іп the chair, the minutes of the last meeting were read 
confirmed. Messrs. Chas. T. Whitley and J. W. J. Kenni 
were elected members of the Associatlon. The following реш 
men were nominated for membership, to be elected at the щ 
meeting:—Messrs. Edward S. Harris, Edward V. New, John 
Cross, Chas. H. L. Wilday, George Lot, W. H. Hawe, Ph 
Condy, Frank Palmer, John H. Spanton. 

The report of the sub-committee, appointed on the 24th No 
berto make inquiresas to the publication of the transactions of 
Association, was read. The report stated that satisfactory array 
ments had been entered into with the Editor of the Civil Елді 
and Archite-ts Journal, whereby the Journal would conf 
Authentic reports of the papers aud discussions thereon. 
Lemon proposed, and Mr. Faver seconded, the adoption of 
Report, which was carried. 

Mr. Riddell announced donations to the library. Тһе ch 
man then called on Mr. J. Douglass Mathews, hon. sec., to rea 
Essay for which the prize of the Association had been awa 
to him. Mr. Mathews’ Essay will be found reported in ano! 
part of the present number of this Journal. 


---#- --- 


Manchester Architectural Association—The annual meet 
and conversazione of this society was held on the 20th ult. 
gathering was very successful. The contributions of drawf 
and models were very numerous, and generally exhibited g 
ability. А series of three pictures, by Mr. J. Redford, 
sketches taken upon the spot, illustrative of the rise, culn 
tion, and decline, or, as it was termed, “the morn, noon, 
night” of architecture were displayed, aud indicated ca 
study on the part of the artist. Singularly, for the period 
“night” was employed a scene taken from the river Ir 
which will be familiar to anyone acquainted with the пей 
bourhood of Blackfriars Bridge, Manchester; the “ Ра!асей 
Gold,” in Venice, which is a masterpiece of constructive im 
nuity and colouring, being selected аз the epoch when 
science was at its *noon;" and а Canadian log shanty, with 
solitary settler, represented “ morning.” А collection of splen 
photographs were shown, representing various scenes in C 
fornia. Amongst the other contributors were Messrs. Da: 
shire, Gregory, Clay, Newton & Co., &c., &c.—Mr. М. Boo 
the president, delivered his inaugural address, in which 
deprecated the system of cheap architecture adopted by some 
the members of the profession. The system, he said, was Ж 
cheap after all; but if there was any sacrifice to be made, 
should be at the expense of ornamentation. He congratula 
the association on its prosperous condition.—Mr. J. Boult, 
sident of the Liverpool. Architectural Society, thought that 
alliance meetings should be peripatetic, and not contined to 
particular place (as London), so that there might be more mut 
intercourse between them.—Mr. Bowman, Dr. Clay, and otk 
gentlemen also spoke; and votes of thanks were accorded to Ж 
contributors and the president. 


Exhibition of French Art in New Y:rk.—Anu arrangement 
been made for au exhibitiun of the works of French artista 
New York, and the Moniteur des Arts of Paris says that М. CS 
dart, one of the editors of the Société des Aquafortistes, will lea 
in a few days for America, to organise the exhibition, which 
to open in March. Не takes with him about two huad 
pictures, by the best living artists of France, and represerqig 
the school in all its phases. The idea is certainly a good < 
aud if well carried out is likely to furnish French artists with 
new and important market for their works. 
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CHURCH OF THE RESURRECTION (ANGLICAN) 
BRUSSELS. 
( With an engraving. ) 

WE complete the illustrations of this church, by an interior 
view, in this month’s Journal. The church stands north and 
south, which will explain the apparent discrepancy in the titles; 
the ritual east or chancel gable faces nearly south. It was 
originally iutended to erect houses on the easteru side, leaving 
only a passage to the church, but to this the burgomaster ohjects, 
sud redu it to be left open, wishing if possible, as he states, 
that so fine a church should not be hid. This will be acceded to 
if it can be arranged. . 


— —_— 


ON IRON: ITS LEGITIMATE USES AND PROPER 
TREATMENT. 

Tug following are extracted from a paper, “ On Ironwork: its 
legitimate uses and proper treatment,” by Mr. WiLLIAM WHITE, 
FSA. Е.В.Т.В.А., read at the Royal Institute of British Archi- 
tecta. 


Having uow vindicated the cause of iron, as well in Ия 
legitimate use as from its growing abuse, I must endeavour to 
sum up the chief of the different modes of treatment, and the 
several processes which cau or canuot be justifed by a strict 
observance of the distinctive qualities of tle material It is 
difficult to lay down dogmatic and unerring rules as to what is 
right or wrong iu principle; or always to say whether such rules 
are infringed or not in a given instance. It may, however, be 
stated generally, that proper treatment for wrought-iron is 
exemplitied iu that which best exhibits the power of the work- 
man’s hand in the forging of it; and it is in design and fashion 
such as to preclude the probability, if not the possibility, of its 
having been cast or impressed,—whiether by Из delicacy of form, 
or its vigour of finish. Even in works of massiveness or strength 
some evidence will appear of the yet more overpowering force 
which has bent the strong metal to its will, whether it be by 
hand-drawing or tapering, or by some little playful conceit which 
tbe workman indulges in, thus stamping it as his own. 

Cast work, on the contrary, must be more soft and superficial 
iu its treatment; it must b2 such as to bear strict evidence of its 
inipressment; it must appear in forms such аз to be capable of, 
and well fitted for, repetition; such, in fact, as could scarcely be 
wrought even by great skill or by indefatigable labour; such as 
to exhibit chiefly surface work; such as to avoid all appearance 
of scroll or curl or tortuous bend, or other little refinements and 
dexterities which can be displayed to perfection only by the hand 
of the individual workman. The distinctive diifereuce, indeed, 
between Ше true art-treatment of wrought and cast metal is, 
that the former must display its ductility and vigour; the latter 
its impressibility and passiveness. It is from the denial ог 
neglect of these qualities that failure commonly commences in 
either case. But there is a third description of work which 
ought not to be passed over. It is the treatment of that which 
is called malleable iron, so called not because it is hammered out, 
but because after it has been cast or pressed into a die it is 
capable of receiving without fracture a certain amount of hammer 
labour. Not that it does receive this, excepting perhaps in 
wiuute proportions, and in rare instances; but it is a name which 
appears in published price lists as a sort of sign-post to misguide 
an uninitiated and unsuspecting public to the idea that it is not 
ошу malleable, but actually worked by tbe hammer. And if 
only casting or pressing be uscd in ita production, wherein is it 
better than common cast or pressed metal? Ив superiority con- 
sists, say Ив advocates, in its texture and strength, which are 
allowed to be nearly equal to those of wrought-iron. And I am 
bound to acknowledge that here, even in iron, is а material 
capable to some extent of high art treatment, if only it is used 
for such. But let it not be degraded to the common level of 
other moulded metal Let it be designed suitably to impressed 
work; let it be worked up dexterously and vigorously into some- 
thing that shall be worthy of its use. Let not the forms be 
followed of a quasi-forged and drawn-out construction in its 
manipulation, but let it be cast aud worked to the highest pitch 
of smithy skill; let its treatment tell the true taie of its high 
artistic development. Then call it malleable iron if you will,— 
but till then let it not be ashamed of its proper rame. Тһе 


THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 25 


term “annealed cast-iron” would much more fitly express its 
known nature and qualities. But let its treatment justify its 
superiority, without having recourse to an unworthy subterfuge, 
almost as Базе as that of marbling a plaster cast to give it the 
dignity and the character of a genuine and valuable work of art. 

Having briefly outlined the several kinds of iron, and their 
respective treatment, the all-important question presents itself 
as to the means available, both in regard of the use of machinery 
and of the position and province of the workmen employed upon 
it. In considering this brauch of the subject we must bear in 
mind the truth that in forged work there is genuine art to be 
displayed. There is room for delicacy of expression, and for the 
exhibition of the forgers power, which is not possible in a 
mechanical process, and which, indeed, is the very element 
distinguishing art from were mechanism. It is equally true, 
however, that great skill, together with great knowledge aud 
experience, is required in the fitting of castings, or of machine- 
cut details; and, when well done, skill is evidenced in the absence 
of imperfection and irregularity, rather than in the presence of 
any element of pleasure to be derived from display of the work- 
man’s individuality. Whereas, in such forged work as comes 
properly under this denomination, it is the reverse. It is not 
the absence of imperfection, or of irregularity, which pleases the 
eye, but the presence of a living power which has made itself 
felt upon the otherwise inanimate metal, bending it to its will, 
and giving evidence of its reality, in spite, perhaps, of great 
imperfections, or of still greater irregularities. . 

Again, in a proper treatment of forged work, and in order to 
obtaiu the desired effect, great regard must be paid not only to 
the implements used, but to the mode of using them. Оше pre- 
valent failing in such modern work is that it is so intensely tame 
aud shoppy in its finish. The cold chisel, the scissors, the file, 
are made to supersede the hammer and the tongs. , The in- 
discriminate use of the file, indeed, has given rise to a false taste 
in metal work very much. akin to that of scraping of the stone- 
work of the noble minster fonts of Lincoln and Winchester. Let 
ше, however, be not misunderstood. It is not that I object to 
the use of the file; but as I have upon another occasion observed, 
во I would now again take the opportunity of repenting—" the 
file must be used only as а means to an end, instead of being, as 
is too commonly the case, the end to which all metal surfaces 
must be brought before they will pass muster with a misguided 
public. The Ше may be, nay, must be used for fitting aud joint- 
lug, aud the perforation of plates, aud other fine work such as the 
hainmer could not touch; but the use of the fle for finished 
surfaces is one of the first things that has to be abandoned before 
the forger can assert his rightful claim to our regard. Such 
treatment of surface is of the highest consideration in all art 
works, whether in wood, stone, or iuetal In soft fabrics it is 
imparted by texture. In hard wares it is to a great extent given 
by implement and manipulation. A high polish presents one 
kind of beauty, and a rippled or broken surface another. A 
merely crude and neglected surfuce does not satisfy the eye. 
Labour of some sort must be bestowed; but only іп а proportion 
to the pretensions of the work in other respects. But carving in 
stone or wood ought commonly to show the marks of the chisel 
or tool, and if these are scraped or filed or sand-papered away, 
the play of light upon the surface is dissipated, its character is 
impaired, and its surface measure, so to speak, over which the 
eye has a pleasure in travelling, is actually diminished in effect. 
So, too, forged work ought to show the hammer marks, and 
wherefore should the roughness of the tire marks be filed down, 
when, by cold hammering, its surface. can be. greatly hardened 
and its tune deepened, its play of light increased, and a polish of 
а totally different but far superior sort imparted,—a polish not 
of mechanical labour, but of handiwork? And wherefore destroy 
the evidences of hard and well-earned labour for what might be 
effected by the merest apprentice or a human machine?” 

But, say the great wholesale iron-workers, in order to carry 
out this view of art in iron-work, you would have all the work- 
men to be artista, whereas under our present system we find one 
artist sufficient to afford employment for a large number of 
ordinary workmen. I would have no such thing. I only say, do 
not bestow the term “bigh art" upon work produced by ma- 
chinery, and fitted by a machinist. In order to have high art 
as distinct from mechanism, Ше hand of the individual must во 
far predominate as to throw into insignificance the mechanical 
process by which any of the subsidiary forms may have been 
produced. This evidence of the hand of the forger in the execu- 
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боп of hia work being needful, ав the hand of the sculptor is in 
his, opens up a large field of inquiry with which we are at the 
present moment scarcely concerned, further than to call attention 
once more to the importance, which our present President has so 
often and so ably urged in other places, of promoting, by all the 
means which we can command, the education and the recognition 
of a class which has till within these few years almost entirely 
disappeared from the commiunity—the class of artist-workmen. 

The mechanic, as commonly he is in nature, no less thau in 
паше, has, in taking the place, altogether usurped the province, 
of the nrtist-workman. There is room for both; there is need of 
both; but at present we are reduced almost to the one. The 
question to be considered is the relative pesition and the dis- 
tinctive employment of the two distiuct classes. 

I have found, in the great iron districts of the North, a mis- 
taken idea prevails that there is no real difference, and ought to 
he none, between hand-work and machinery as regards effect 
when finished. It is а mere mercantile calculation as to whether 
machinery or haud labour shall be employed in the execution of 
a given work, and has to how far it will pay to produce fresh 
machinery, dies, or gauges to reduce the work to its requisite 
state for finishing and fitting, leaving as little as possible for hand 
labour in the completion of it. And the amount of art displayed 
is measured, so to say, by the ingenuity of the machinery, and by 
the success which the article Таз іш pleasing the public and 
effecting a sale. It is considered unworthy of the age to put to 
hand-labour that which machjnery is capable of executing,—and 
this ав a matter not merely of economy, but of art. Articles во 
produced are classed with the fine arts, as nearly on a par with 
stained glass and sculpture, and certainly with forged iron. And 
no'doubt there is great art in the invention of the requisite 
machinery for the Ваше of such iron-work,—machinery which 
performs all sorts of operations,—cutting, piercing, rolling, 
stamping, and pressing,—machinery of such power, aud adjusted 
withal with such accuracy, as to crack а nut, and yet not crush 
the kernel, with a force of twenty tons. And it із not without 
some show of reason that the impressiou arises of the day of 
haud-labour being past beyond recall. Am I therefore finding 
fault with this state of things? Ву no means. On the one 
hand, T know the day of hand-labour is not past; and on the 
other I am too thoroughly convinced of the truth of the dicta of 
the political economist, not to see that a vast population must 
have vast supplies at a reasonable cost; that machinery is an 
untold blessing to poor as well as to rich; although the change 
must bear heavily at first upon those whom, for the time, it 
deprives of labour. 

We must now pass оп to a few details of the processes which 
may or may not be truthfully and properly employed in the 
execution of ironwork. It would be undignified and uncour- 
teous, ав it would be superfluous, tosay auytliing here as to the 
general merits or rather demerits of sliams, or of their degrading 
influence upon high art, before a body of men who more than 
any other in the world have already and for ever repudiated 
them. But it is needful for me to call attention to the insidious 
way in which shams do creep into the manipulation of modern 
metal work; and in order to make my position clear let me give 
ап instance, not as instructing you, but only as illustrating my 
meaning. АП are acquainted with the universal mode of twist- 
ing a square bar of iron. This process is said to increase its 
stiffness or rigidity, but at the same time it enriches its surface. 
It is essentially a process of the forge. Not only is a certain 
degree of heat for the operation requisite, but a firm hand and a 
ready eye in the operator—else the twist will be anything but 
ornamental. And whatdo we find? This twist, so telling in 
its proper place, and in а sparing degree, is actually repruduced 
in cast-iron by the foot, one may almost say by the inile; and this 
even by some who aim at leading іп the vau of high metallic art. 
I say the sooner they go to the rear the better: tlie better for 
themselves and the better for us, and the better for art. One 
mode of forming а twist by machinery there certainly is, which 
may be legitimate for work merely decorative, not constructive 
er quasi-constructive. This mode is properly applicable te brass 
only, and поё ќо iron. It is the forcing of a tube throuzh a spiral 
die, which produces the twist clean, sharp, and regular. But 
when these tubes are used as apparent supports to arches or to 
entablatures, it may fairly be questioned how far they represent 
legitimate treatment, even though they form but the casing to 
cast-iron columns which do the real work for them. Араш, | do 
not вее how a constructive arch of iron, whether wrought or 
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cast, can be called defensible ав an architectural feature. Ап 
arch, as such, implies a constructive process, such ав of brick or 
stone,in its erection. Or once again; what can be more absurd 
than the reproduction in cast-iron of the distinctive features of 
caps and bases, cornices and plinthe, moulded and cut after the 
fashion universally suggested by the necessities of a stone con- 
struction. Yet I have been gravely told that such narrow views 
as mine would set aside one great principle of medieval metal- 
lurgy, namely, its comprehensiveness, which found employment 
for every description of manipulative detail, such detail often 
following in ita ornamental features the constructive forms 
suggested by other materials. In no way does my objection 
militate against this principle. For suppose the artist to invent 
or to select from some such other extraneous source the form 
best suited to his purpose. the smith will not reproduce it as 
atone, or as brick, or as other material, but will produce only 
some general idea of the form, rather than a leading and con- 
structive characteristic of that which he followed; much less will 
he aim at a direct imitation or reproduction of it, and no matter 
from whence a form comes, so that that form is good and suited to 
its purpose. The cast column, even, might be used,and then 
covered with plates of finer material, so that these be not made 
as independent cases or cloaks to give an air of construction to 
that which is only decorative, and yet withal very legitimately 
is decorative. Nothing, however, can approach to the deliberate 
perpetration of a cast-iron cresting, such as that of which I give 
au illustration. In this we Бате not only pretentious cusps and 
braces of a wrought construction, but even the apparent rivets 
with which it is pretended they are fastened together. I would not 
add a word on the unpardonable parodies uttered in the shape of 
would-be hinge bands; but that every time a protest or a warn- 
ing is uttered it may chance to fall on some ear which it has not 
yet reached and which may yet profit by it. And unhappily, 
this is a delusion still practised upon those who know no better, 
throngh the catalogues of manufacturers of such wares,—the 
delusion that a cast-iron hinge band adds one whit to the archi- 
tectural effect of a door, and does not rather destroy all that 
might be otherwise good about it. The “small cost” is used to 
justify ап expeuditure which would be much better saved alto- 
gether. The small cost would be much better expended on send- 
ing them again to the furnace; for snch work becomes a species 
of trickery, which is quite alien to the true spirit of art. 

The great aim of art is pot directly to imitate, but to image. 
Not to deceive the eye of an intelligent being, but to present or 
re-present to his imagination an idea which is worth reproducing 
or perpetuating. If the means used are opposed to ог inadequate 
to the end, the imagination takes offence at the deserved failure. 
And if such poor artifices are used, the taste becomes depraved; 
and I believe it to be quite possible for the artist to get into a 
way of living upon fallacies, as the opium-eater upon his drug, 
till his art-life becomes a morbid state of existence, rather than 
an existence of energetic enjoyment of its realities. These 
amongst many prevailing instances of a state of sham pervade 
our modern iron work, and hinder its rising so rapidly as it 
might t the position in art which it ought to occupy. And 


, although, as I said, I do not find fault with the state of things 
- as regards machinery and ite necessary application to all useful 


purposes of daily life, yet I do object most seriously, most 
strongly, to the syatem so largely adopted of imitating forged 
work on а large scale by the bending, gauging, cutting, 
screwing together, by banda which move as mechanically as 1na- 
chinery does, work which is disappointing and insulting, from its 
tame and lifeless character, whilst it promises and professer at 
firat sight to luy claim to our respect as a genuine work of art. 
And such, alas, is the practice of all or nearly all of the mono- 
polista of so-called Mediæval metal-work. The intelligent 
working artist takes in hand a corona ora grille, which shall 
impress people with the idea that it is forged by the hand of the 
expert smith. The work is completed. The popular voice, 
expressed with all sincerity, “how pretty, how neat, how ex- 
quisitely finished,” prepares us for the evidence of its having 
been mechanically cut, bit by bit, from plate or bar, as the case 
may be, pressed into form by stamp or die, folded, bent, crumpled, 
filed up and fitted, and finally put together with nuts and screws, 
by a process of mental machiue work, such ав might do credit to 
the professed manufacturer of cast and machine-made wares. 
But the living working artist, where is he? He is degraded 
from his post of honour. He is become agaiu a mere mechanist, 
just when he began to flatter himself that he wus rising to the 
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rank of artist in his profession. Let пв leave him there,—for he 
can scarcely come forth again to higher aspirations. Let us 
draw the curtain over this sad, this humiliating picture. 

The mode of manipulation in old work, even till theearly part 
of the present century, was very different. Look at the wrought 
gates of our country mansiona, or even at the ironwork which 
still graces many a house, not yet a century old, in London. 
Look again at the fine medieval hinge bands as an illustration 
of proper treatment adapted to the several parts. The orna- 
mental banda were forged and finely wrought, and bent to proper 
Shape, but the terminations sometimes were stamped and cut 
with tool and die made for the purpose. Both of these processes 
required equally the. hand of the skilled workman to use them. 
The terminala sometimes were apparently first cast in a mould, 
and then worked up and fastened on in their respective position; 
and they consisted ouly of such surface treatment as could be 
stamped. In noue of their stamped work did they ever aim at 
tortuous bends, or other forms, such as properly could be carried 
out by forging alone. But there are some who, nt the present 
day, would not scruple to’ reverse the process, to forge the ter- 
minations and to cast the scrolls, if we may judge of them by 
wbat they do and say in other ways. 

One mode of manipulating an ornament in early work was by 
the cutting of the cold iron with а hardeued tool and hammer, 
in such а manner as to cause the portion cut to curl up and form 
a scroll. We all know not only the old picture illustrating this 
process, but also specimens of hinges ornamented evidently by it. 
It gives а sharpness and crispness of finish to the metal which 
could not be got by other means, and which is well worthy of 
our following. But regard must be paid to the quality of iron 
required for this process, as in fact for all good work. Much of 
the iron із very inferior for such purposes at the present day. 
Modern improvements in smelting have iucreased the hardness 
of the metal, and expedited its manufacture at the expense of 
toughness and ductibility; and such iren is all but useless for the 
forging of fine work. 1% breaks away under the process of ham- 
mering or of bending, in the forging of it. 

One of the most common forms in which cast-iron comes be- 
fore the multitude is in that of the straight bar enclosing the 
area of every ordinary dwelling-house iu this Metropolis and 
other large towns; and the question naturally arises, how far that 
form is jastifiable. In answering this we must bear in mind 
that expense cannot be entirely set aside, however much we may 
desire it; and that the difference between wrought and cast for 
the purpose referred to would be, perhaps, some three hundred 
рег cent. in favour of cast, Are we then reduced to the dire 
alternative either of doing & great wrong to art, by abandoning 
our principles, ог of incurring an unjustitiable expense. I think 
not. Only, if this cast-iron pretends to be wrought, it is an 
egregious sham; for instance, if it presents the spicous point or 
the leafy scroll which ought to be turned out, and properly сап 
be turued ont, from the forge, and the forge alone. What would 
be said by a brave warrior of old, could he now see, bristling on 
All sides of him, the common but contemptible device of a cast- 
iron spear, with a cast-iron tassel drooping from its head, set 
side by side by the neck to line the footway; with mimic urus, 
it may be, for the standard ends? We шау well hope, how- 
ever, that the day for this is past. One mode of obviating 
this objection to the upright bar is to have, instead of the 
bar at all, some impressed pattern of genuine cast-iron design, 
which in itself will be more artistic and more ornamental. 
We must, however, remember that the main, I may almost 
вау the sole reason, why a long straight bar instead of an 
ornamental pattern to a London area is, in many cases, indispen- 
sable, is ава mere matter of security. Anything which would 
afford easy foothold, as all or nearly all cast perforated patterns 
mast do, would afford facilities for the ingress and egreas of 
those whom area railings are chiefly designed to keep etfectually. 
out. But this seems no reason why the upright bar should be 
of the common round or square section of wrought form, rather 
than of a flattened, patterned, design ; nor why the top 
of the bar should not be cast in some such form as to 
show evidence of ita impressment, instead of imitating that of a 
kindred branch of trade. We must, in such cases, meet the case 
fairly and upon its merits, and we shall tind that so far from 
our artsuffering degradation by making use of available means, 
it will be in reality exalted and ennobled; for then we shail 
bave to contend with those only who are afraid, or ashamed of 
the truth. 
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THE MIDLAND RAILWAY COMPANY'S METROPO- 
LITAN TERMINUS AND HOTEL. 


Tux directors having decided to erect an extensive terminal 
station and hotel iu the Euston-road, which should combine all 
the advantage of experience in arrangement, and present an 
imposing fagade to the public, invited thirteen architects of 
acknowledged note and standing to submit designs іп limited 
competition. After careful consideration of the merits of the 
several schemes, and of Messrs. Hart and Stephenson's report on 
the amount of accommodation provided, and the probable outlay, 
the directors proceeded to select fuur designs from the total 
number submitted for final determination: Mr. Scott and Mr. 
Sorby receiving each an equal number of votes. After further 
consideration the design submitted by Mr. G. Gilbert Scott, R.A., 
which is of Gothic character (in fact the only one of that style in 
the collection) was selected for execution, and the three premiums 
severally awarded to Мевзга. G. Somers Clarke, E. M. Barry, 

d Thos. C. Sorby, all of London. Тһе probable outlay will be 
about £300,000. Designs were also received from Measrs. Owen 
Jones, H. Darbishire, Е. P. Cockerell, of London; and from 
Messrs. Hine and Evans, of Nottingham, Walters of Birmingham 
Lockwood and Mawson of Bradford, and Lloyd of Bristol. 

In the selected deaign the hotel portico is ша line with the 
road footway, and leads into a vestibule with a lofty groined roof. 
The combined fagade of the hotel and atation will comprise the 
hotel, a curved side on the approach leading up to the station, 
and the front of the station itself, which recedes considerably 
from the roadway. The total length of the frontage will be about 
500 feet, and the curved frontage of the hotel will give nearly 
100 feet more,—that is, about 600 feet in all. The front will Бе 
of brick, with stone dressings. The frontage will be 90 feet in 
height to the parapet, and about 120 feet to the ridge of the roof, 
The chief features in the design are the clock-tower, at the 
King’s-cross end; the hotel principal front; and the two oriel 
bays on the station front, carried the whole height of the wall. 
The clock-tower, 30 feet on the side, is finished with octa- 
gonal turrets, and surmounted bya spire, the total height of 
which is about 250 feet. The hotel front has ulso a tower on the 
outer corner, about 90 feet high, and has a high truncated roof 
with an ornamental cresting. The approach to the station is by 
ап iucline from the side of the hotel entrance, along the concave 
side and the straight frontage of the building. There will be 
two carriage-ways for entrance and exit, which pierce the front 
by wide and lofty pointed arches, the height of two stories of the 
building, the carriage-entrances flanked by narrower and lower 
arches ou each side for foot-passengers. The hotel will contain a 
coffee-room, about 110 feet long by 23 feet wide, on the ground- 
floor, with its front Lo the station entrances. The ends of the 
room will be semicircular, and the one side convex; the other, 
parallel to it, concave in surface. The roof of the station is 
designed by Mr. W. H. Barlow, and will have the large span of 
240 feet clear. 
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ON TIMBER AND DEALS.* 
By T. A. Britton, М.В.І.В.А. 


As it is of the highest importance that those interested in 
building should be familiar with the nature and properties of the 
materials used therein, and with none more essentially than 
those upon which the carpenter and joiner have to operate, I 
will endeavour in the following paper to bring a few data 
together, which may be of use to the architectural student, con- 
cerning timber aud deals. 

The soil in which timber trees grow, has much to do with 
their quality, different soils producing different effects upon the tim- 
ber; the climate likewise in some degree determines their strength 
and fitness, iuasmuch ав the moisture or sappiness will be retained 
or pushed out, according as the tree is situated in a warm or cold 
climate. The position of a tree with regard to the compass will 
slightly alter the character of the wood; for instance, that part of 
a tree fronting the north is always found to be red, and to 
produce the hardest and most durable timbers, as all the moisture 
is pressed out, and the wood made more compact, the concentric 
rings are closer together; whilst that facing the south is found 
to be white, soft, and sappy, and the concentric rings further 
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apart. It will thus be seen that the beart of a tree is rarely in 
the centre. Where trees grow in forests, and are closely studded, 
and where they grow alone, and are exposed to the weather, the 
wood is different in the different positions. There are forests 
wherein the trees stand so closely together, that the rays of 
the sun cannot penetrate, aud are situated іш a good soil; 
the wood obtained from thence is always of a very tender 
nature, by reason of the continual shade, which makes it во, 
and is only proper for joinery. But where the trees grow 
alone, or in hedges, and are fully exposed to the sun, the wood 
will be hard, and fit for carpentry. The tree that grows in low 
situations, and grows rapidly, is пеуег found to be so strong or 
so durable, as those growing in exposed situations and drier soils. 
All the oak in the north is much stronger than that of the 
midland counties, and is closer in grain than the oak in the 
south. The tree is hardest and most durable when the growth is 
gradual, and it is taken from the coldest places. The wood is ge- 
nerally bad when taken from a clay soil, as it has too much mois- 
ture; it is also bad when taken from the rich black loamy soil, for 
although the tree grows fast, straight, and large, the wood is too 
sappy, the soil being too rich for it. Generally speaking, the 
wood which is the longest growing is the hardest, strongest, and 
most durable. The driest woods do not last long, they easily 
rot. Those woods which are moderately dried are the best, 
there is more stiffness. Moderately dried wood is better than 
green for carpentry. It is a curious fact, that there is not 
much sap in those trees whose wood is naturally soft, as 
the lime, birch, and elder. As the moisture in timber causes it 
to sag when used as а beam, merely by its own weight, it is 
necessary, when using long beams in construction, to slightly 
camber them. Тһе cambering inust, of course, be obtained 
during the operation of trussing, and not by cutting. 

The age of a tree is calculated by the number of concentric 
rings or layers, which appear by its cross section. if there be 
twenty rings, then the tree is twenty years old, if fifty, fifty, and 
во оп, one ring being added every year; therefore, what is albumen 
or sap one year, is proper wood the next, the new layers as they 
come being converted into wood. There are some trees in the 
north of Europe of eighteen or twenty inches in diameter (which 
produce timber twelve or thirteen inches square), where one can 
count nearly three hundred rings; and there are likewise some 
trees of twelve inches diameter, which are used for cuttiug into 
deals, where nearly one hundred rings can be counted. It is 
worthy of observation, that the character of the rings vary in 
different kinds of trees. In some, as in the oak and elm, they 
are very distinct, in others, the distinction between the rings ія 
so small, as scarcely to be recognised, the texture of the wood 
being nearly uniform, as іп the mahogany and beech; whilst in 
another class the rings are very distinct, and their pores are 
filled with resinous matter, as in the fir and pine. In the vegeta- 
tion of а tree, next the leaves, the bark is the most important 
part; the branches may be cut off, the leaves may be destroyed, 
and the tree may even be cut horizontally, and yet it will exist, 
but if the bark be taken off it cannot survive. 

As forest trees, when growing, are termed “timber trees,” 
in distinctiou to fruit trees, so, when they are cut down, they 
are called “timber.” Timber includes all kinds of felled and 
seasoned woods, or those kinds of trees which, being cut 
down and seasoned, are required in the several parte of a 
building by the carpenter and joiner. With respect to the 
qualities of timber, they may be termed hardness, density, 
weight, and strength. While the tree is growing, the exterior 
parts are probably weaker than the interior, but when it has 
attained full maturity, and approaches towards decay, the 
circumstances may be reversed, the exterior parts becoming 
harder and stronger, while the interior are beginning to expe- 
rience dissolution. Тһе density of timber is in proportion to the 
time growing. Тһе weight of wood depeuds upon what part of 
the tree it has been taken from. When a strong piece of wood 
is required, the lower part of the tree should be chosen. The 
heaviest woods are generally the strongest, but this is more 
particularly the case with regard to those parts that grow 
nearest the centre of the trunk, and nearest the root, provided 
they are во far removed from the latter as not to be very cross- 
grained. The strength of different parts of the same timber, and 
of different woods of the same kind, is very different. The wood 
immediately surrounding the heart is wegk, the heart ia weaker 
than the exterior parts, and the wood next the bark is weaker 
thon the тезі: the greatest strength is generally to be found 
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between the centre and the sap, and timber that is straight in 
the grain is the strongest; knots tend to weaken it. 

Timber may, 1 think, be called the raw material, and deals, 
the manufactured article. There are different sorts of timber, 
which are known by different technical names; for instance, 
“large” timber means timber about eighteen inches square; fir 
timber is called *' free stuff,” asit may be worked freely with the 
plane withouttearing; “baulk,” “bulk,” “log,” or “whole” timber, 
consista of the largest square pieces that сап be cut from the 
trunks of trees, being from nine to sixteen inches square, but 
generally thirteen inches square, and sometimes extending sixty 
feet ог more in length. “ ВашКа,” or “logs,” аге by the work- 
men denominated timber, in contradistinction to the wood that 
is used in the shape of deals. “ Half timber" is six-and-a-half 
inches square; * brack timber," is the cheaper aort, which has 
the defect of being very full of large knots, rendering it unfit to 
be cut into small scantlings. А “stick” of timber, is any piece 
of timber of moderate size and scantling; and the waste in 
cutting timber is commonly called the offal, a great deal of which 
is exported from France and Holland. 

The Baltic timber is generally cut “die square,” (or, what the 
Americans called, “ maud edge,”) end to end; but the Canadian 
timber generally is not cut die square, because they could only 
bring very short timber. The inferiority arises in the nature of 
the tree, which grows tapering. Die square means, that the 
sap-wood is squared off, leaving timber to the heart of the tree. 

It is very difficult, in fact, almost impossible, to discover 
whether a piece of timber is sound or not, unless it be sawn into 
acautlings; you cannot perceive from the exterior, its interior 
faults; you may, perhaps, see certain splits or shakes, which 
might be thought to indicate unsoundness; but if the timber is 
used as а beam, and the splits are of slight extent, they are not 
of great importance, owing to the large scantling of the timber. 
Where these fissures exist, the timber is used for beams, rafters, 
or quartering, but not for thin boards. 

Timber in the log, owing to its becoming rent by the weather, 
deteriorates in value by keeping, more and more every year. 
The sap, or external wood, acts as a sort of hoop to the heart of 
the log, which, for some space of time, binds and keeps it tight, 
and hinders it from splitting until the time at which it can be 
sawn; and from the moment the saw has divided it into thinner 
pieces. the tendency to split is over. It frequently happens that 
a piece of timber that looks perfectly solid on the outside is 
fonnd deficient at the heart when sawn. Timber columns and 
posts, to prevent their splitting, should be bored down the 
middle; and girders should be trussed directly after they are - 
sawn, as the shrinkage and drying tightens the trusses. If 
square timber lies in the water two or three yeara, it rends at 
the heart. It would not, perhaps, the firat year, but the exterior 
part would soon rend by exposure to the weather. Timber does 
not benefit by keeping, on the contrary, it sells for 15 per cent. 
less the second year than the first; and so for less and lees the 
longer it is kept, unless thoroughly seasoned. 

All those who convert timber into deals, &c., will know that a 
great quantity of the converted article is useless, or greatly 
faulty, on account of the inward decay of the wood from rotten 
knots, or the crosa running of the shake. The more free timber 
is from knots, ће more liable it is to be shaken at the core. 
Knotty timber is less liable to these defects at the heart, because 
it is said, that the knots serve for bolts throughout the timber, 
to keep all the parts together. The wood which is just under 
the sap is more free of knots than that which is nearest the 
centre. It is impossible to find out the quantity of knots in the 
centre of the wood till it is opened, but we know very well that 
on the surface there is the freedom from knot, in consequence of 
the tree not having shot ont the knot or branch to the surface. 
The knot is the remnant of a branch. When the dead branches 
fall off, or are broken off, thewood grows over the extremity of 
the broken branch, and remains clear of knot. When you recede 
to а certain distance from the centre of the tree, you find the wood 
most clear from knot, either in size, or altogether. American 
fir is of a sóft nature, and very free from knots, That which 
is free from large, loose, or dead knots, is the best. 

Timber, in order to be of use to the joiner, is cut into different 
thicknesses, and is known by the name of tir or deal; the 
American fir is known by the name of pine timber, and, ая deals 
are the form in which it is most conveuiently imported (both 
from America and the Baltic), the word fir or deal has become 
the common name for all sorts of pine timber. The conversion 
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of timber into deals takes place abroad, it would not come in a 
fit state for sawing. It is there cut into the proper thicknesses 
by machinery, and is afterwards cut down in this country into 

rds of various thicknesses, to suit the purposes required. If 
the timber was imported, say from the Baltic, in logs, and 
manufactured into deals here, it would deteriorate the quality of 
the deals. A deal sawn on the spot is certainly better than one 
sawn here, because there is a considerable outside shakiness, 
which takes place from the log beiug exposed to the air. They 
are in the habit of picking out the Best timber, to be converted 
into deala. That which is to be sawn, is purchased abroad in 
the round state; if square timber is used for that purpose, it will 
be splitand injured in being floated down the rivers, and con- 
sequently unfit for cutting into deals. If the deal is not cut 
from the round log, and also as quickly as it can be from the 
time of felling, the grain will open, and the wood will be shaky, 
and when cut into thinner boards it will be fit for nothing. If 
the round logs were brought soon after felling, and sawn quickly 
after arrival, this evil might not occur; but the freight would be 
nearly doubled, if not quite, and we should be paying this large 
freight upon sap, wastage, and defective parta; that is, upon the 
parts which prove to be defective after the log is divided, and 
which, when the wood is converted abroad, are not shipped, but 
kept back. 

As the lengths of apartments are different, so great variety of 
lengths are required to work in advantageously, European deals, 
which are imported from ten to twenty-two feet in length, and 
from eight to ten inches in breadth, and American deals are from 
ten to thirteen feet in length, and from nine to eleven inches in 
breadth. Deals coming from St. John’s, New Brunswick, are 
from twenty-two to twenty-four feet in length. Besides the deals 
exported to England and France, there is a third kind, too bad to 
be used for building purposes; these deals are cut up into fire- 
wood, which is exported in considerable quantities to the London 
market; the firewood is cut from the bad deals, which arise from 
the timber being rendered useless from rotton knota, or splitting 
at the heart. тае deals are likewise exported in another 
form, viz., deal ends, which average six feet in length, though 
sometimes much shorter, and are about five-and-a-half inches 
wide, by two-and-a-half inches badly squared. They manage to 
get these deal ends out of the bad "deals, by cutting off the 
defective knots, and other excrescences. Lathwood and deal 
ends, form the principal part of the broken stowage now with 
the Baltic. 

Ав there are different sorts of timber, so there are different 
morts of deals, which are known by various names, “ Rack” 
deals are often of the same quality as the main timber, but b 
being cut sappy and slabby, they are not greatly imported. 
“ Slab” deals, are deals cut from the outside of any piece of 
timber, and are frequently of very unequal thickness. “ Hand- 
sawn” deals, are those deals which are sawn in England by 
builders, as they are required for use, and are termed hand-sawn 
in contradistinction to those sawn by machinery. “Spruce” 
deals, are thin deals, cut from the white fir tree of Norway; they 
&re devoid of turpentine, and are sometimes used by builders. 
“ Deck" deals, are used by ship builders for the decks of ships, 
and are of very great length. Deals are divided into two classes, 
which are known by their respective colours, viz, yellow and 
white deals. Yellow deals are generally of a bright yellow 
colour, and have not lost ther resin. In selecting them, the 
brightest should be chosen, and where the strong red grain 
apparently rises to the surface. The yellow deals are the 
strongest, and therefore the most suitable for external work; 
they arelikewise the dearest. Fir that is deprived of its resin 
is termed white deal: it is very clean, and is much used for 
internal work, but it will not stand the weather. Deals, and 
likewise timber, are generally named from the ports at which 
they are shipped, as Riga, Memel, or Dantzic timber, Christiana 
and Dram white deals, Stockholm aud Gefle yellow deals, &c. 

Although I huve generalised all kinds of timber, cut into 
different thicknesses, by considering them under the head “deal” ; 
still, deal, more strictly speaking, applies only to timber of a 
certain width. Deals are usnally cut of three different widths, 
each of which has its appropriate name. Those from eleven to 
twelve inches wide, are called plank; those from eight-and-a-half 
to ten are called deal; they consist, as has been said, of various 
lengths, and аге most commonly three inches thick, and seldom 
exceeding nine inches wide. below these dimensions, and 
from two to seven inches wide, and generally from ў inch to 2 inches 
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thick, are termed battens. Тһеу are very often cut from deals, 
and are 4% inches wide, one deal making two battens. Battens 
are frequent used in choice floors, because they contain less 
sapwood than half deals. Those employed in laying floors may be 
classed as follows :—first, or the best, which are selected with 
the greatest care, and are wholly free from knots, shakes, sap- 
wood, or cross-grained stuff, and well seasoned; the second is free 
from shakes and sapwood, and large knota, but small sound ones 
are allowed; and the third comprises all that remains after the 
former have been picked out among the whole lot. The word 
“plank” is sometimes used in a wider sense than that given 
above; it is made а kind of general name for all timber exceptin 
fir, which is from 1% inch to 4 inches in thickness. The wo; 
“board” is the name given to flat pieces of timber generally, but 
applying more particularly to pieces of stuff exceeding 4$ inches 
in breadth, and under 23 inches in thickness. *'Feather edge" 
boards, are those boards which are much thicker on one edi 
than the other. “Stuff” is a general name applied to all woods 
in joinery. Deals are cut into various thicknesses, called boards, 
or leaves; 80 that a deal will always have one cut less than there 
are boards. If a three-inch deal is cut into a 9$ inch and $ inch 
board, two boards will be obtained by one cut of the saw. "There 
are different modes of cutting down deal; they are named 
‘according to the number of their subdivisions, ав, “ three-cut 
stuff,” **five-cut stuff,” «с. А whole deal is not three inches 
thick, as one would suppose, but only 14 inch. It seems rather 
absurd that such should be the case, but perhaps it may be 
accounted for as follows:;—deals, especially American, are 
exported in great numbers of the thickness of 24 inches; when 
they arrive they are sawn into two 12 inch deals, which is the 
thickness generally required for floor boards, and as an enormous 
number of 14 inch boards are thus used in buildings, it is 
probable that by lapse of time 1} inch deals have been by work- 
men taken to mean whole deals. “Slit” deals are generally 
finch thick, being obtained by sawing down a 1} inch deal. 
All thinner boards are termed “veneers.” “Tongue” stuff is 
thiu stuff used by joiners for tonguiug. What is termed b 
carpenters, an “offcut,” is obtained i converting a A inch 
deal into 1} inch flooring boards; by that means you obtain a 
board half an inch thick, which is rather difficult to make use of. 

Having, I believe, named all the varieties of deals, I shall now 
briefly consider their defects. 

As a general observation, it may be stated that woods do not 
alter in any material degree in respect to length. They, how- 
ever, contract in width, warp, and twist, and when fitted as 
panels into loose grooves, they shrink away from the edge which 
is most slightly held, but when held by nails, or other attach- 
ments which do not allow them the power of contraction, they 
will split with extraordinary force. It is said by some authors 
that the softest wooda shrink most in width, but it is very 
difficult to obtain any correct information on this subject. In 
woods that have been partially dried, some of theae defects are 
lessened where they-are defended by paint and varnish, but they 
do not then cease; and with dry wood, every time a new surface 
is exposed to the air, even should the work have been made for 
many years, these perplexing alterations will, in a degree, 
recommence, even independently of the changes of the atmosphere, 
the fluctuation of which, the woods are at а] times too freely dis- 
posed to obey. The atmosphere has an effect on most woods; and 
some deals, particularly the stringy deals, are very liable to he 
affected by the moisture of the atmosphere, and never lose the 
property, however long they have been seasoned, of expanding 
and contracting with change of weather. When a log of green 
wood is exposed to а dry atmosphere, the outer fibres contract 
both at the sides and ends, whereas those within are, in а mea- 
sure, shielded from its immediate effects, and retain nearly their 
original dimensions. Those deals cut near the centre of the 
tree are very liable to split, yet they are not во bad ав those cut 
near the outside. All deals are slightly split up at the ends, and 
in twelve feet deals, you can rarely calculate upon more than | 
eleven feet eight inches in actual wood, for they will split up at 
each end. Splitting is an important thing to be considered in all 
woods which are cut down into boards : although small splits are 
not of so much importance in beams and sticks of timber, yet 
when cut down into thin boards, perhaps half an inch thick, splits 
and other defects would be total destruction. Sap should be care- 
fully excluded іп all deals: we often meet with deals which are 
very good at one end and defective at the other. The French are 
not so particular about sap as the English; if the deal has the 
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required quality of good wood on one side, they do not care 
much about the other side. Their deals are not so good as ours 
in that respect. The common ealculation is, with regard to sap, 
that ina plank twelve inches wide there shall be nine inches 
free of вар on both sides. The deals cut next to the sap are the 
best, between the centre and the sap. Тһе centre deals are 
clearer of sap than the outside deals. White deals are similar 
to yellow, except that the sap in white deals is not discernible 
from the heart. In yellow deals, the sap, or albumen of the tree, 
ought to show itself only at the edge of that part of the deal 
which was furthest from the centre of the tree. After the 
sapwood has been removed from the edges of the board, (or after 
the edges have been what is technically termed “shot,” that is, 
planed, though they may be shot without removing the sap,) 
they are called “listed” boards. When the sides are planed, 
they are described as “ wrought.” Deals are apt to rend from 
unequal or too rapid drying, which produces certain fissures or 
cracks, called “shakes,” and deals thus affected, are termed 
“shaky.” Outside deals are very subject to shakes. A knot is 
frequently very injurious to deals. The bark of a tree sometimes 
adheres to knots, which consequently have a black ring round 
them : when the deal comes to be cut into boards, a knot of this 
kind is apt to fall out. “Cast,” or “warped,” is an effect 
produced upon a piece of timber by heat, moisture, or otherwise, 
the fibres becoming bent, or twisted from their original direction. 
To prevent warping as much as possible, they are listed. 

Such being the defects of deals, it behoves us to consider what 
are their merits, or what they ought to be. The first thing to 
be considered is the quality of the wood. Many deals are of good 
quality, and are therefore fit for rough out-of-door purposes, and 
coarse floors or carpentry, but are wholly unfitted for joiner's 
work, for when the saw has passed through them they warp, 
and will twist like a piece of whalebone. Such deals are termed 
“ strong” deals, and possess the bad property of rending themselves 
to pieces as they dry, and become shaky. Deals that when sawn 
do not form sawdust, but are torn into long strings or fibres, and 
on that account are called “ stringy” deals, are in general of this 
strong nature. Such deals are less uniforni iu their texture, and 
vary more in the hardness of their fibres than those deals which 
are fit for the joiner. The deal, to be good, should be mellow, 
that is, soft and light, should yield easily to the knife or chisel, 
should be straight in the grain, without coarse knots (which 
weaken the deal), and the more nearly it is perfectly clean the 
better. Such deals are characterised by their light weight, in 
comparison with the strong fibrous deals; and when planed they 
exhibit a silky texture. If the deal is cross-grained, it generally 
becomes shaken diagonally under drying, and falls to pieces under 
the saw: or if cross-grained in a less degree, it does not yield а 
smooth surface to the plane, but remains rough and fuzzy. 
Although from description it may seem extremely easy to tell 
the difference between a good and d deal, yet it requires some 
time before опе can do so correctly, as they are sometimes very 
deceiving. 

Тһе next consideration is the mode of rendering the timber fit 
for use, and the time which сап be afforded for that purpose. 
There are natural and artificial means of seasoning, both of 
which have their recommendations; it is thought, however, by 
some, that the former has the right of preference, ns it gives 
greater toughness, elasticity, and durability, and therefore should 
always be employed in preparing timber for practical purposes. 
The major part of our best timber is imported from the north of 
Europe, and is immersed in docks, where it lies floating till sold 
for immediate use; the consequence of this is, that the timber 
(though it may previously be properly seasoned) becomes swelled 
too much, beyond its former and ultimate bulk, is hastily framed 
together while the very water is running from it, and very soon 
after itis so converted it shrinks to such a degree, that every tenon 
becomes loose, every joint strains falsely from the skrinkage, and 
every ceiling and quartered partition cracks by the openiug, 
diminishing, and distortion of the woods. The effect of this 
pernicious system шау be seen in almost every house in the 
Metropolis, showing itself in rents, which are caused to the 
timbers by the irregular strain in shrinkage. Some persons 
state that the immersion of timber in water is the best method 
of seasoning it, and I was a few days since in conversation with 
a London timber merchant, who told me, that the way he 
seasoned his timber was to immerse it in water for a couple of 
months, and then stand it end-ways, out of the rays of the sun, 
but open to the wind and rain. He considered that a windy, 
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showery day, such as we have had lately, was the beat possible 
weather for seasoning timber. Timber for ordinary purposes, 
should be shrunken to its smallest limits before it is worked up: 
the least possible change should occur іп the timber after the 
work is framed and adapted; for all the oblique joints, by shrink- 
age, become imperfect, each bearing timber then hangs straining 
upon a single point, instead of upon a flat direct abutment ; 
thence many of the struts and other bearing timbers rend, by the 
weight hanging merely upor their angles. Our specifications are 
very strict in the requirement of the perfection and proper 
seasoning of timber; but these precautions are almost useless, аз е 
builder can hardly procure at any price timber which is not in 
а dropsieal condition; and twelve months, in general, suffices to 
diminish in bulk or split our carpentry, whether it is framed for 
the palace or the cottage, the public or the individual. This 
may appear rather à sweeping statement, but I think many will 
bear me out in the truth of it. Two instances have occurred to 
me of this fact, within the last few weeks—one in the shrinkage 
of a large tie-beam, and the other in the shrinkage of some oak 
waiuscoting. The tie-beam belonged to one of the principals of 
a large building recently erected, the upper floor of which was 
not ceiled: within one week, and almost before the premises 
were finished, the upper floor was occupied by a small army of 
those “ who work at the sewing machine.” Тһе heat of the 
rooms began to have an effect upon the beams, and this one in 
particular, aud large shakes and splits opened, and the timber 
had to be restored, or rather replaced with new. "This was, no 
doubt, owing to the unseasoned wood, which had probably been, 
within а week or two of being used, lying in a wet dock at some 
of our timber yards. Тһе other instance is with respect to some 
oak framing to a large public room, erected within the last five 
years in London. The architect was very particular in having, 
what he considered to be, а good piece of workmanship, and good 
materials, forming the front of two galleries; the work was 
squared framed, and when finished, appeared certainly a credit- 
able production; but soon after it became subject to the latent 
heat of a meeting room, the joints opened, and the work has 
since been patched up with slips of oak inserted in the openings, 
some of which had opened nearly 24 inch; all this undoubtedly 
arose from the unseasoned state of the wood. 

After timber is felled and sawn, it should he laid along, ore 
piece upon another, only kept apart by short blocks, interposed 
to prevent a certain mouldiness, which they are apt to contract 
by sweating one upon another, which frequently produces а 
fungus, especially if there be any sappy parts remainirg. By 
this means, the rain and the excessive heat of the sun acting 
upon the timber, it will dry without shakes or fissures. Тһе 
best way to dry deals is to place them in sheds, due east and 
west, in Bristol piles. The timber should continue in this 
situation for two years if intended for carpeutry, and three years 
if for joinery; the loss of weight which should render it fit for 
the purposes of the former being about one-tifth, and for the 
latter about one-third. Messrs. Broadwood, and other large 
pianoforte makers, have their deals and mahogany piled for 
years before they are used. ІҒ timber is % be used round, the 
core should be bored out, as by this means splitting is pre- 
vented. Ifitis to be squared into logs, it should be done soon after 
some slow drying, and whole squared, if large enough, as that 
removes much of the sapwood, facilitates the drying, and prevents 
the splitting which is apt to take place when itis in theround form, 
in consequence of the sap-wood drying before the heart, from being 
less dense; also, if it may be quartered, it is weil to treat it so 
after some time, as the seasoning is by that means rendered 
more equal. It is well, also, to turn it now and then, as the 
evaporation is greatest from the upper side. To prevent timber 
warping, it should be well seasoned before it is cut into scant- 
lings; and the scantlings should be cut some time before they 
are to be used, and if they can be set upright, so much the 
better (in order that the seasoning may be as perfect as possible), 
as they then will dry more rapidly, and, as I have stated, the 
upper side dries sooner than the lower, they ought therefore to 
be reversed at intervals. Scientifically considered, the drying is 
only said to be complete when the wood ceases to lose weight 
from evaporation; this only occurs after twice or thrice the 
pne usually allowed for the process of seasoning. Some, 

owever, prefer to keep the timber as moist as they can, hy 
immersing it in water, to prevent its warping or cleaving. 
Evelyn, in his ‘Sylva,’ particularly recommends this way of 
seasoning for fir. In this case, when the boards have lain a 
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fortnight under water, they have them set upright in an airy 
place during the heat of summer, and turned every day; by this 
practice, new sawn boards (it is said, by those who are advocates 
of the soaking system) will foor much better than those which 
have had many years dry seasoning. То prevent all possible 
accidents, when floors are laid, let the edges be shot, and brought 
to a joint, or nearly so, lay them down the first year, and finally 
fasten them the next; they will then remain without shrinking, 
rovided they be kept dry. The deals imported from abroad, 
ve a year's more seasoning than if they were imported in the 
loz, and cut up in this country; still, it would be a great advan- 
tage to have some of them thinner, and so would be sooner 
seasoned, and fit for use. The deals are cut three inches thick; 
in that atate, they are kept some time to season, and after they 
are ent the inside of the board is not so well seasoned as the 
outside, oe it must undergo a second seasoning, and 
it would therefore be a great convenience to have deals of various 
thicknesses. At the end of eighteen months from the time of 
importation they are scarcely dry enough for the consumer's use. 

For the purposes of joinery, steaming and boiling are very good 
methods of seasoning, as the loss of elasticity and strength 
which they ргодасе, and which are so essential in carpentry, is 
compensated by the tendency to shrinkage being reduced; the 
darability also is rather improved than otherwise, at least from 
steaming. It has been ascertained that, of woods seasoned by 
these methoda, those dry soonest which have been steamed; but 
the drying in either case should be somewhat gradual, aud four 
hours are sufficient for the boiling or steaming process. Stove 
drying, for joiner's work, is also practised by many builders. 

Тһе mere seasoning of wood, though it will not altogether 
prevent its decaying, nevertheless, considerably diminishes its 
tendency to do so, and is of the very utmost importance in many 
cases. Тһе value of any process for seasoning wood depends, of 
course, to some extent, on the time required for its completion. 
Davison and Symington's method for speedily and effectually 
seasoning wood, by exposing it to the influence of a rapid and 
continuous curren’ of heated air, so that it soon becomes tho- 
roughly dry,appears to be satisfactorily proved. Langton's method 
of seasoning, by extraction of the sap, is another way that is 
considered well worthy of notice. It consists in letting timber 
into vertical iron cylinders at top, and tlie water being heated, 
and steam used to produce a partial vacuum, the sap, relieved 
from the atmospheric pressure, oozes from the wood, and being 
converted into vapour, passes through а pipe provided for that 
purpose. 

Smoke drying in an open chimney, or the burning of furze, 
shavings, or straw, under the wood, gives it hardness and 
durability, and by rendering better, destroys aud prevents 
worms: 1t also destroys the germ of any fungus which may have 
been commenced. Virgil seems to have been aware of its utility, 
when he wrote the passage which is thus translated by Dryden: 

“ ОТ beech, the plongh-tail, and the bending yoke,” 

“Or softer linden, hardened by the smoke." 
Beckman, in his ‘ History of Inventions, quotes a passage in Hesiod 
to the same effect, and adds, “аз the houses of the ancients were 
so smoky, it may be easily comprehended how, by means of 
smoke, they could dry and harden pieces of timber" In this 
manner were prepared the pieces of wood destined for ploughs, 
waggons, and the rudders of vessels. Virgil also says in another 

lace : 


P “These long suspend where amoke their strength explores,” 


** And seasons into цве, aud binds tbeir pores.” 

When timber or boards have been well seasoned, or dried in 
the sun, or air, and prepared for fixing, care should be taken to 
defend or preserve them, which шау be done with smearing 
them over with linseed oil or tar, or the like matters, which 
contributes much to their preservation and duration. The 
practice of the Hollanders deserves our notice in this respect; 
who, to preserve their gates, drawbridges, sluices, &c., coat them 
with a mixture of pitch and tar, wliereon they strew small pieces 
of cockle and other shells, beaten almost to powder, and mixed 
with sea sand, which incrust, and arm the timbers wonderfully 
against assaulta of wind and weather. Some, again, advise to 
bury the pieces of timber in the earth, whilst others are 
for acorching and seasoning them in fire, especially piles, posts, &с., 
that are to stand either in the water or in the earth. Sir Hugh 
Plat informs us, that the Venetians burnt and scorched their 
timber in the flaming fire, continually turning it round with an 
engine, till it had got a hard black crusty coat upon it; the wood 
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being brought by that means to such a hardness and dryness, 
that neither earth nor water could penetrate И. Scorching and 
drying are undoubtedly good for preventing and destroying 
infection, but have to be done slowly, and only to timber that is 
already seasoned; otherwise, by encrusting the surface, the 
evaporation of any internal moisture is intercepted, and decay in 
the heart soon ensues; if done hastily, cracks are also caused on 
the surface, and which, receiving from the wood a moisture, for 
which there is not a sufficient means of evaporation, renders it 
вооп liable to decay, 

When timber is cut before the sap is perfectly at rest, it 18 
bad, by reason of the worm which will certainly breed iu the 
timber. Besides the common worm, to which timber in its dry 
condition is liable, there are а variety of a more formidable 
character, which commit their ravages on the timbering of sea 
works; of these, the most common are the pipe worm or teredo, 
а species of pholas, the cossi, and another mentioned by Smeaton, 
which is almost invisible. For the preservation of timber from 
the teredo, and other sea worms, various methods have been 
devised. Stockholm tar has been used, but it is of little service, 
owing to its being manufactured from vegetable substances, and 
if exposed to the sea the salt acid of the water will eat it away 
in а very few weeks. Common gas or coal tar has likewise 
been tried with similar effect; and Kyan's patent corrosive 
sublimate, or the bichloride of mercury, has been used, but has 
proved equally useless. Some persons advise that the oil of tar, and 
pyrolignite of iron, be used; the pyroliynite of iron must be of 
very pure quality, aud the timber must be dry; afterwards the 
oil of tar should be applied, and not on any account should it 
contain а particle of ammonia. Мг. Pritchard, of Shoreham, has 
tried this process in hydraulic works, with great success, and 
States that in timber piling it destroys sea worms, and super- 
sedes the necessity of coating the piles with iron nails. It is 
exceedingly difficult to prescribe for the preservation of timber 
from the teredo; but one thing may be stated as certain, that at 
present pryrolignite of iron has superseded all the patents. 

Besides worms, timber is exposed, chiefly in the Indies, to most 
dreadful havoc from some species of the ant tribe; from the 
destructive jaws of the termite or white ant there is nothing 
secure, unless it be stone or metal; roofs, floors, and other parts 
of buildings that are constructed of wood are infested by them, 
and will present when painted a solid appearance, while they are 
completely hollowed; furniture and wooden utensils alike undergo 
their devouring ravages. The red ant of Batavia is another little 
devastator. To destroy ants in wood, kyanize the wood, corro- 
sive sublimate being an effectual poison to them. Arsenic isa 
good destructive, and charcoal is said to prevent their depreda- 
tions, though I do not know how it is applied. 

But what else have we to battle against, which is worse than 
the teredo, or the entire ant tribe? Dry rot, which is to timber 
what consumption is to the human frame: once let it seize hold of 
a log, and you may send it to Madeira without any effect. 

The dry rot may be divided into three classes; the first is 
generated in the earth, the second in the walls of buildings, and 
the third is produced by the timber itself. Of the fungus 
causing the dry rot as generated in the earth, little is necessary 
to besaid. It isa white and fibrous substance very commonly 
attached to the roots of trees, the banks of hedges being some- 
times covered with it; this fungus when attached to timber pro- 
duces dry rot. Hence it appears that we frequently build on 
spots of ground which contain the fundamental principle of the 
disease, and thus we are sometimes foiled in our endeavours to 
destroy the fungusby the admission of air. 1nthis case, the disease 
may be encouraged by the application of air asa remedy. Where 
workmen are employed in buildings which contain dry rot, and 
where they are working on ground which contains the symptoms 
of this disease, they have been known to suffer in their health, 
and one of our first builders informed me some Ише since, that 
whilst erecting some houses at Hampstead his men were never 
well. He afterwards ascertained that the ground was affected 
with dry rot, and that at present nearly all the timbers were 
in a state of premature decay. 

The fungus which issues from the brickwork of buildings has 
likewise the property of decomposing timber; it is found in the 
spaces between the bricks, «с. The causes of it may often be 
traced to the use of loamy earth and dung with sand for the 
composition of mortar for walls. This refuse being mixed with 
а small proportion of lime, and deposited in а humid and warm 
situation, creates a fungus, which will vegetate, andassume a flat, 
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corrugated or spongy substance which isaues from the space 
between the bricks aud penetrates into the ends of the bressum- 
mers, joists, вс. No mortar should have sand аз a compound 
unless the sand be previously washed, to separate the loamy 
particles, which serve as a hotbed for the vegetation of fungi. 

Of the fungus causing the dry rot as produced in timber, 
various opinions have been held. Papworth, in his treatise 
on Dry Rot, says as to its probable origin, “that the germs may 
be conveyed into the earth by the rains, and thence absorbed 
with the sap into the bodies of trees and other vegetables; and 
when the putrescence attendant on their decay has prepared a 
suitable fluid for the germination of the seeds, that they produce 
fuugi.” That these seeds are germinated by the sap is conform- 
able to the opinion of Pliny, who says that fungi are produced 
by sap. 

Fungi are not in some cases the primary cause of the decay 
of timber: they are not the disease, but the effects of it; аза һив 
a small portion of unseasoned timber, when placed in a bnilding, 
may generate the dry rot, and disseminate its baneful effects 
throughout the edifice into which it may have been unwarily 
introduced, Sometimes the dry rot is caused by a collection of 
putrescent matter adhering to the timber, caused by an adja- 
cent vegetable corruption and to a natural dispositiou in the 
timber to decay, assisted by the situation in which it has been 
placed. When the parts of an edifice are so formed that the 
successive admission of pure air caunot take place, the exhala- 
tions from corrupted matter in the earth will collect upon the 
surface of the timber, affording a proper recipient for the seeds 
of fungi, which speedily become attached to and find nourish- 
ment within it. Many instances of the propagation of fungi 
might be given, but аз all are derived from the same cause, viz., 
vegetable corruption, it will be unnecessary to dwell longer upon 
them. In a review, therefore, of the foreguing observations, it 
will appear that vegetable corruption is suitable to receive and 
germinate the seeds of fungi, aud that such fungi are capable of 
absorbing the medullary particles of the wood, thereby wholly 
decomposing it; and that the timber itself, when confined or 
deposited in warm and moist situations before the motion of the 
particles is suspended, necessarily undergoes the fermentation 
which is attendant upon vegetables, by which nature effects the 
purposes of reproduction, aud is consequently decomposed, with 
similar appearances to that effected by the fungus. То descend 
from the theoretical to the practical part of the subject, there ia 
one cause of the decay of wood which is very seldom noticed, but 
which is at the same time a very important thing; and that is, 
the use of paint in buildings. When wood is painted on every 
side, the moisture within it is completely sealed, and must 
become stagnant: decomposition and decay of the timber im- 
mediately commences. It is clear that, except when thoroughly 
free from moisture, or as it is called seasoned, риал must be 
as effectual a method as any for accelerating its decay. If wood is 
mue on one side only, it will last as long again as if painted on 

th sides: experiment has proved this to be the fact. 

In regard to the dry rot in connection with the different 
qualities and species of foreign timber, a few words may not be 
out of place. In considering the liability of any particular 
species to take tbe dry rot, consideration must be paid to the 
circumstances under which it is imported. Sometimes it is a 
long time coming here, while at othera it is imported in a very 
Short period. The length of time has a great deal to do with its 
likelihood of taking the dry rot; it may have a very favourable 
passage, or a very wet one, and the ship is very often in some 
degree affected with the rot. The rot perhaps begins in the ship, 
andit may often be seen between the timber or deals, when it 
will impregnate the wood to a great extent. It is a difficult 
thing to say whether it is inherent in the timber or not, but of 
this we may be certain, that where there is а fetid atmosphere 
it is sure to grow. American timber is more subject to it than 
the Baltic, though some think otherwise, for Baltic timber some- 
times decays in four or five years. Turpentine is a preventive 
against dry rot, and American timber is largely impregnated, 
especially the redwood timber, but uot the yellow, wood—the 
yellow wood is exposed very much to the dry rot. Very few 
cargoes of timber in the log come from America in which in 
some part of every log you will not see a beginning of the vege- 
tation of the dry rot. Sometimes it will show itself only in a 
few reddish, discoloured spots on the surface of the log, which, if 
you scratch with your nail, you will find that to the extent of each 
spot the texture of the timber to a slight depth is destroyed; 
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and will be reduced to powder—you will generally see also in 
these spots a white fibre growing. If the timber has been 
shipped in a dry condition and the voyage has been a short one, 
there may be some logs without a spot, still, I should think there 
was scarcely a cargo that came from America in which you will 
find many logs of timber that are not affected. But if the cargo 
has been shipped in a wet condition, and the voyage has been a long 
one, then a white fibre will be seen growing over nearly every part 
of the surface of each log, and in cargoes that have been so 
shipped all the logs of yellow pine, red pine, and oak are gene- 
rally more or less affected on the surface. 

Every deal of yellow pine that has been shipped in America 
in a wet state, when it arrives here, is also partially covered 
over with a network of little white fibres, which are the dry rot 
in its incipient state. There is no cargo even that is shipped in 
tolerably dry condition in which, upon its arriving here, you will 
not find some deals with the fungus beginning to vegegate on 
their surface. If they are deals that have been floated down the 
rivera in America, and shipped in a wet state, they arrive quite 
covered with this network of the fungus, во that force is often 
necessary to separate one deal from another, so strongly does 
the fungus occasion them to adhere. They grow together again, 
8s it were, after quitting the ship, while lying in the barges 
before being landed. Accordingly, if a cargo has arrived in а 
wet condition, or late in the year, or if the rain falla on the deals 
before they are landed, and you pile the way in which Norway 
and Swedish deals are piled, that is, flatways, in six months’ 
time, or even less, the whole pile of deals becomes deeply 
affected with the dry rot; so that, when the flat surface of one 
deal is upon the flat surface of another, the rot penetrates to the 
depth perhaps of one-eighth of an inch. You arrest its progress by 
repiling the deals during very dry weather, and by sweeping 
the surface of each deal before it is repiled; but the best way ia 
to pile the deals iu the first instance upon their edges, by which 
means the air circulates round them, the growth of the fungus is 
arrested and the necessity of repiling them is prevented. If the 
ship is built of good, sound, well-seasoned heart of oak, I ques- 
tiou if the dry rot would affect it; but in order to prevent its 
doing so the precaution is usually taken, I believe, to scrape the 
surface as soon as the hold is clear of the cargo of timber. Were 
the cargo not cleared and the hold not ventilated, a ship that 
was permanently exposed to this fungus would no doubt be 
affected. It is very easy, however, to prevent its extending, 
by washing the hold with any disinfecting solution. There are 
two descriptions of European deals very liable to take the dry 
rot, viz. yellow Petersburgh deals, and yellow and white battens 
from Dram, in Norway. When Dram battens, which have been 
lying a long time in bond in this country, have not been repiled 
in time, they have been found as much affected by the dry rot as 
many Ámerican deals, though this has not happened in so short 
a time as has been sufficient to rot American deals. The fungus 
growing on the Petersburgh deals and Dram battens has all the 
characteristics and effects of dry rot as exhibited in the 
American deals, the detection of dry rot being in most cases the 
same, I have not time to go into the different patents 
for the cure and prevention of dry rot, some are excellent, 
others good; many ineffectual, and many absurd; some other 
evening, in some other session, if you will hear me, I will go into 
the whole subject. 

——— a 

Correction of Ships’ Compasses at Sea. —M. Faye suggests to the 
Academy of Sciences at Paris, a method of determining at any time the 
error of the compass aboard a ship. This is done by attaching to the 
ship’s log, which is suitably modified as to inclends and form, в compass 
80 arranged, that at any moment it may be stopped, and ita direction 
thus registered. The log is towed in the wake of the ship, and at a 
sufficient distance to be out of reach of its magnetic influence, and when 
it has taken the true direction of the ship, which, if of proper shape, it 
will soon do, the compass is registered, hauled aboard, and read. The 
proposition assumes importance, from the perpetual variation of the 
magnetic constants of iron vessels and sea, aan the resulting impossibility 
of perfect correction of compasses. In the course of his communication, 
M. Faye records a curious experiment, which is worthy of repetition 
and study :—‘‘Dissolve in an acid, soft iron devoid of any magnetio 
coercitive force, and then deposit it, by a galvano-plastic process, in a 
thin film upon the surface of & plate of copper, as is done in coating 
copper plates with iron, to give them greater endurance. This thin 
coating of iron, chemically pure, but hard and brittle, will possess so 
strong a coercitive power, that 1 have heated a plate thus prepared to 
the melting point of copper without destroying the magnetism which 
т had before given it.” 
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INSTITUTION OF CIVIL ENGINEERS. 
Presidents Address.* 

Ок assuming the chair of this Institution as ita President, and 
undertaking for the first time Из duties and responsibilities, 
allow me to assure you that I feel deeply the honour you have 
conferred upon me by electing me to this, the highest positiun 
to which the civil engineer can aspire; and that I feel still more 
deeply the weight of the duties which are inseparable from this 
houour. I will also venture earnestly to request you to extend 
to me your indulgence during my period of office, and afford me 
your kind co-operation in any efforts I шау make for the ad- 
vancemeut of our profession, or for increasing the usefulness of 
this institution. gen this assistance from you with peculiar 
anxiety, because I cannot but feel that the present is a period of 
unusual importance to this society, and that the rapidly increas- 
ing prominence of the profession demands at our hands a 
corresponding care for its efficiency and dignity. The high 
degree of material prosperity which this country and its 
dependencies have now happily enjoyed for a considerable time, 
has naturally led to great activity in our profession; and pro- 
bably at no former period have the skill and enterprise of 
engineers been so severely taxed as during the last few years; 
and as civilisation continues to advance, and labour to require 
increased assistance from mechanical contrivances, the connection 
of civil engineering with social progress will become more and 
more intimate. 

I hope I may be allowed to say, with a deep feeling of pro- 
fessional pride, that hitherto the inventive genius, the patient 
perseverance, and indomitable energy of the members of our 
profession have not been found unequal to the tasks they have 
been called upon to perform; and although I have full confidence 
in the future, I venture to suggest that the present is a fitting 
moment for considering the means by which our younger 
brethren may be best prepared for the arduous duties, and 
growing difficulties, which they will undoubtedly have to en- 
counter in their professional career. It is not merely that works 
of magnitude and novelty are increasing, and will continue to 
increase, but it is becoming apparent that we shall have to meet 
the competition of foreign engineers in many parts of the world; 
and that great efforts are now being made, not only by careful 
scholastic education, but by more attention to practice on works, 
to render the civil engineers of France, Germany, and America, 
formidable rivals to the engineers of this country. Here it has 
always been found that friendly and honourable rivalry among 


members of the profession has been on the whole beneficial to . 


science and to engineering progress, and we cannot doubt that 
the same result will follow the more extended rivalry which we 
shall have now to meet from the engineers of every nation. At 
tbe same time this consideration renders it our especial duty to 
take care, that the distinguished and leading position which has 
been so well maintained [3 our great predecessors, shall not be 
lowered by those who come after them. 

The whole field of discussion and description of the past has 
been so completely and so ably occupied by my predecessors in 
this chair, that I shall not attempt to travel over the same 
ground; but I propose to deal almest exclusively with the future, 
and endeavour, although I possess no peculiar personal fitness 
for the task, to suggest some of the means by which the younger 
members and the rising generation may best prepare themselves 
for the duties which that future will bring with it. 

I may first briefly notice, and for the purpose of illustration 
and introduction, a few of the great engineering problems of 
remarkable boldness and novelty which are now presenting 
themselves for the supply of the future wants and convenience of 

ind; amongst them may be enumerated the Suez Canal; 
tbe tunnel through, and the railway over, Mont Cenis; railway 
bridges over and under great rivers and estuaries; new ferry 
works of unusual magnitude; vast warehouses and river ap- 
proaches for commereial cities like Liverpool; railways under, 
over, and through great cities; long lines of land and ocean 
telegraphs; and comprehensive schemes of water supply, drain- 
age, and sewerage. АП these works present problems of great 
interest, and it will require cultivated intelligence, patient in- 
vestigation, and enlarged experience, to accomplish the tak of 
their satisfactory solution. 

For the Suez Canal we must be content to wait а few years 
before the work be so far advanced ая to enable ая to judge of the 
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effects of the physical and moral obstacles which to some ex- 
perienced minds have appeared all but insuperable. The Mont 
Ceuis Tunnel, and the temporary railway being constructed over 
its summit, will continue to be watched with intereat by all 
engineers, and it may yet be a queation how far the mode of 
traction which has been adopted for the temporary railway will 
prove to be the best. The modified locomotive no doubt, 
with the aid of a central rail, succeeded iu surmounting gradients 
which have hitherto been considered to be more severe than 
is compatible with the economical use of the locomotive engine; 
but further experience is still required, and the results of the 
trial will be watched with t interest, because it cannot be 
doubted that conditions will continue to present themselves to 
which the ordinary locomotive engine cannot conveniently be 
applied. In many of the proposed and future designs of bridges 
over or under great rivers and estuaries, no novelty in the 
principles of construction may probably be uired; but in 
other cases the mere magnitude alone will demand new arrange- 
ments and combinations, and may possibly also suggest the use 
of steel for parta or the whole of the structure. 

The docks and warehouses of our t commercial cities are 
rapidly advancing in importance, and are constantly demanding 
increased facilities to enable them to meet the exigencies of trade; 
and for this purpose every possible resource of steam machinery, 
and hydraulic and pneumatic mechanism, will have to be taxed 
to obtain convenient and adequate power and expedition. The 
new scheme of river approaches at Liverpool is one of the most 
remarkable proposals of modern times, for its boldness in 
grappling with the difficulties and necessities of a pressing want, 
and the complete solution of a difficult problem. It is under- 
stood that the engineer of the Mersey board, who has designed 
this great work, is preparing a model on a large scale, which I 
have no doubt will be brought before the Institution. The 
railways under, over, and through great cities are amongst the 
most striking resulta engendered by the necessities of rapid] 
increasing and closely crowded population, and may be regard 
as one of the moat useful economical developments which 
engineering has supplied to satisfy the requirements of modern 
civilisation. The engineering problems they present are infinite 
in their number, and interestingly intricate in their character. 

Ocean telegraphy is yet in Из infancy, but enough has been 
done by the numerous lines already laid, and by demonstration 
before this Institution, to prove that further experience alone is 
wanting to enable deep or shallow sea cables to be successfully» 
laid and maintained wherever they may be required; and pro- 
bably in no branch of our profession is the future of greater 
interest than in the coming telegraphic connection of every part 
of the world by sea and land, and in the political, commercial, and 
social results which must follow such a remarkable increase in 
the facility of general intercommunication. Тһе rapid growth 
of communities to which I have already alluded has also 
developed the necessity of provision being made for a more 
abundant supply of pure water, and for a more complete system 
of sewerage than is now generally possessed by our towns and 
cities; some of these works are already being carried out, or 
seriously contemplated, on a scale of almost startling, but not 
unnecessary, magnitude. 

It is plain, therefore, that in every department of civil engi- 
neering the wants of commerce and society are pressing more 
and more urgently upon the resources of our profession. We 
have ship canals; but the Suez Canal throws them all into the 
shade. e have long tunnels through our English mountains; 
but we have now to penetrate the Alps. We have large bridges; 
but larger are required. We have noble ports; but they are 
choked with trade, and new accommodation of an improved kind 
is called for. We have steam ferries across rivers, estuaries, and 
straits, and rapid ocean steamers; but higher speed and better 
accommodation are demanded. We have large warehouses, with 
convenient mechanical appliances; but larger warehouses and 
better mechanical appliances have become a necessity. We have 
many thousands of miles of telegraphic communication; but 
nothing short of Из universal extension will suffice. In the 
solation of these problems, thus rapidly indicated, and in others 
which could be easily adduced, we may rest perfectly satisfied 
that the difficulties they present are not to be overcome by a 
stroke of genius or by a sudden happy thought, but they must 
be worked out patiently by the combination of true engineering 
principles, ripe experience, and sound judgment. 

Having thus called your attention to the peculiar position of 
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our profession in consequence of its rapid growth, and pointed 
out some of the problems which await an early solution, I shall 
now attempt to describe the nature of the functions of the 
modern civil engineer, and consider how the coming generation 
can be best prepared for its inevitable work, and to what extent 
this Institution can be made ancillary to that purpose. Although 
we know from history that men have existed from the earliest 
times who have been distinguished by great mechanical capacity, 
remarkable skill in working materials, profound science, and 
constructive knowledge, yet it is only during the present century 
that civil engineering can be considered to have become a 
distinct and recognised profession. Now, however, it has as- 
sumed the position of an art of the highest order. Perhaps we 
may without arrogance be entitled to claim for it the title of a 
true science. Many attempts һауе been made to define and 
describe a civil engineer in a few general words, but all such 
attempts have been more or less unsatisfactory. Still, though it 
is difficult, if not impossible, to describe an engineer by a short 
defiuition, it is not so difficult to enumerate and describe the 
nature of the works he is required to design and execute, and 
the professional duties he is called upon to perform. Ңе has to 
design aud prepare drawings, specifications, and estimates, and 
to superintend the carrying out of works wbich may be thus 
enumerated:—1, Railways, roads, canals, rivers, and all modes 
of inland communication; 9. Water supply, gasworks, sewerage, 
and all other works relating to the health and convenience of 
towns and cities; 3. The reclamation, drainage, and irrigation of 
large tracts of country; 4. Harbours of refuge and of commerce, 
docks, piers, and other branches o hydraulic engineering; 
5. Works connected with large mines, quarries, ironworks, and 
other branches of mineral engineering; 6. Works on в large scale 
connected with steam engines, with machinery, shipbuilding, 
and mechanical engineering. This list, which might be almost 
indefinitely extended, involves a vast variety of work, and must 
appear almost appalling to а young engineer, and yet it greatly 
concerns his future success that he should, as far as possible, be 
prepared to undertake any or all of the works embraced in the 
ist. I believe the personal history of most of us would show 
that circumstances have led us in a widely different direction in 
the exercise of our profession from that which we originally 
contemplated, and that the success of many men may be dis- 
"tinetly traced to their ability to avail themselves of unforseen 
opportuuities to advance in some new direction. The civil engi- 
neer must tberefore be prepared for the various classes of 
“constructive works thus enumerated: but in addition to this 
робова preparation it із of the first importance as affecting 

is true position, and the confidence which ought to be reposed 
in him, that he should also have a correct apprecia- 
tion of the objects of each work contemplated, as well as their 
true value, so that sound advice may be given as to the best 
means of attaining them; and he must be prepared, if necessary, 
to advise his employers that the objects which are sought are not 
commercially worth the cost of the means which would secure 
them. It is not the business of an engineer to build a fine bridge 
or to construct a magnificent engineering work for the purpose of 
displaying his professional attainments, but whatever the temp- 
tation may be, bs duty is to accomplish the end and aim of his 
employers by such works and such means as are on the whole 
the best and most economically adapted for the purpose, at the 
smallest possible cost, having reference to future maintenance, 
and ultimate permanence. 

I will now proceed to the question of the kind and degree of 
knowledge which is required to enable а youug engineer to 
proceed to the actual design of a publie work of importance, such 
as a railway with its stone, brick, and iron structures, its earth- 
works, and its all-important permanent way, a railway station, a 
station roof, docks and their appliances, waterworks, break- 
waters, or & Great Eastern steam ship. Although it has become 
the practice in modern times for many civil engineers to be 
employed chiefly, or almost entirely, iu some one branch of the 
profession, I desire to repeat my conviction, that it is most 
important that the early preparation and subsequent study 
should be as extensive ав possible, and should embrace every 
branch of professional practice, not only for the purpose of 
securing toa young engineer more numerous opportunities for 
his advancement, but aleo because sound knowledge and experi- 
ence in all branches of engineering will greatly add to his efficiency 
and value in any especial branch; in the same manner that a 
medical man will be more reliable in his practice on the eye and 
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the ear if he possesses a sound practical and theoretical knowledge 
of every part of the human frame. АП classes of the profession, 
but especially the railway, the dock and harbour, and the water- 
works engineer, must possess a knowledge of parliamentary 
proceedings, so as to be able to avoid all non-compliances with 
the standing orders of parliament. This, it is true, is no easy 
matter, as the clauses are often drawn up with so little care and 
practical knowledge that neither engineers nor solicitors, nor the 
most experienced parliamentary agente, can understand what ia 
intended. On the subject of parliamentary proceedings generally, 
it may be taken for granted that all comtnittees desire to do 
justice to the cases which are brought before them, and that if 
they sometimes fail in their decisions, either ав regards the 
interests of the public, or in arranging a fair settlement between 
antagonistic interests, it is not unfrequently due to the imperfect 
and crude manner іп which cases are presented to them; and I 
would impress on all young engineers the importance, both to 
themselves and to their clients, of laying their cases before 
committees in the most perfect manner possible, accompanied by 
full and correct information, carefully prepared and clearly 
worked out. 

The professional knowledge required by the railway engineer 
commences with surveying of all kinds, the use of the theodolite, 
the aneroid barometer, the level, the sextant, &c., and includes 
surveys for preliminary and parliamentary purposes; and also 
working surveys of minute accuracy, on a large acale, from which 
engineering works may be set out with precision upon the 
ground. The railway engineer must understand thoroughly the 
nature of earth work of every kind, and the proper angles or slopes 
to be adopted for cuttings and embankments. He must have 
the requisite qualifications to enable him to design bridges, 
viaducts, tunnels, and all other incidental works and buildings, in 
the best and most economical manner. Не must һауе aknowledge 
of the training of rivers, and the effect of floods anddrainage, to 
enable him to make accurate provision for the discharge of water, 
without waste of money by unnecessarily large works, or the 
risk of damage from works which are insufficient. He must be 
familiar with the various characters of permanent, way, the best 
description of rail, sleeper, fastenings, and ballast, and with the 
different descriptions of switches, crossings, turntables, signals, and 
telegraphs. In the matter of permanent way, it is somewhat 
remarkable that, with all our experience, there should still 
remain a doubt amongst engineers as to the best kind to be 
adopted even under similar circumstances. For, although 
continental engineers have almost without exception adopted the 
flat-bottomed or “ Vignoles” form of rail, the Т form of rail 
with equal top and bottom webs, and cast-iron chairs and wooden 
keys, is still largely used in this country. А collection of facts 
with respect to the different descriptions of permanent way in 
use in this and other countries, with а view to arriving at & 
comparison of the advantages and disadvantages of each, would 
form a most interesting and important paper for the Institution, 
especially if it embraced all the recent experiments with reference 
to the use of steel rails. 

The railway engineer should not be destitute of some know- 
ledge of architecture, and such a taste for those graceful outlines 
and simple appropriate details which should always characterise 
the works of an engineer, avoiding, on the one hand, the un- 
natural ornamentation which seems to have no connection with 
the structure, and, on the other hand, a disregard of either form, 
outline, or proportion. But all such knowledge may fail if there 
be not constant supervision and control over the quality of АП 
the materials and the workmauship employed upon the railway; 
and it is not too much to say that, without the practical know- 
ledge which is only obtainable by having first performed the 
duties of resident engineer, it is hopeless to expect that any 
engineer can he competent to undertake the responsibility of 
important works, or be fit to have large sums of money entrusted 
to him for expenditure. It is in the capacity of resident 
engineer that all previous preparations; both scholastic and 
professional, and all theoretical acquirements, become utilised 
and rendered of practical value; and it is only after much ex- 
perience on different works of varied character, dimensions, and 
materials, that a young atudent of engineering can claim to take 
rank as a * civil engineer.” 

The duck and harbour engineer requires the general and much 
of the special knowledge of the railway engineer, such as that 
which belongs to railways aud tramways, and warehouses for 
goods; andto this he must add a vast amount of other special 
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knowledge not required by the railway engineer. For example, 
be must understand the laws which govern the ebb and flow of 
the tides, the rise and fall and time of high and low water, and 
he must have а knowledge of marine surveying, or the best 
means of ascertaining the set and speed of currents, and their 
tendency to increase depth of water by scour, or to diminish it 
by silting; he must also know, in the case of docks, what kind 
and extent of entrance accommodation to provide, whether the 
general plan should comprise only a simple lock, or be combined 
with a half-tide basin; whether single or double gates should be 
used; and whether it would be necessary to have a tidal basin, or 
а recessed space, or both. Тһе nature of the trade to be accom- 
modated in the proposed docks must also be carefully ascertained, 
in order to provide a proper proportion of quay space and water 
space, and proper width of quays, warehouses for bonding or for 
goods to be deposited, sheds for temporary protection, entrance 
for barges into warehouses from the docks, graving docks and 
workshops, with mechanical appliances for gates, sluices and 

mping, and for shipping or discharging minerals or goods. 

e may have to deal with solid foundations, and enjoy a facilit 
of procuring suitable materials for construction, as at Liverpool; 
or he may lass the bad foundations of Hull and other places 
where alluvial silt of great depth has accumulated. It may be 
that good sound stone is too costly for the mass of his work, and 
that he must resort to brickwork, or rubble stonework, or con- 
erete, or to a combination of all three; but in determining 
such qneetions it is impossible that anything but previous expe- 
rience and habits of careful investigation will enable an engineer 
to arrive at the best decision. For it із not enough that his work 
Should be solid, permanent, and safe, but it should be rendered 
во at the smallest possible cost. Тһе dock and harbour engineer 
is also required to report upon, and to construct, harboura of 
refuge, piers, landing-stages, lighthouses, forts, canals and their 
appliances, river inprovements, and many other hydraulic works; 
and, in short, of this branch of engineering it may be truly said 
that questions are continually arising which require special study 
and mechanical invention to а greater extent than in almost any 
other branch of the profession. Harbours of refuge, being large 
and costly works, are necessarily few in number, and they are so 
alow in progress, and have generally been во often changed from 
their original bar and desigu, that few engineering works have 
given less satisfaction either to the profession or to the public; 
but we may hope, that if governments will accurately appreciate 
the objects they desire to obtain,and boldly grapple with the 
difficulties and cost of well-matured designs, better and more 
useful works of this nature шау be accomplished than have yet 
been undertaken. 

The waterworks and drainage engineer must possess many of 
the qualifications of the railway and dock engineer, and especially 
those which concern earthwork and masonry; he must also be 
familiar with the means of obtaining information on the subject 
of rainfall in different localities, the methods of correctly gauging 
streams of every kind; the proportious of the rainfall available 
for his purposes after eatimating for evaporation and waste, and 
the extent of the proviaion to be made for periods of dry’ weather, 
or for compensation to mill-owners and other interested parties. 
He must be conversant with the proper mode of executing the 
works of reservoirs, conduits, weirs, tunnels and aqueducts. 
He must understand, by the aid of the chemist and his own expe- 
rience, the nature of the impurities in water, and the best mode 
of diminishing them, whether шесишиа y, by subsidence and 
filtration, or otherwise. To the waterworks engineer we must 
look for the solution of one of the great problems which the rapid 
increase of population is now forcing upon us; viz., 4 compre- 
hensive system of conservancy of the flood waters of mountainous 
localities for the use of large cities and towns, and densely 
populated districts. We are completely outgrowing our present 
arrangements for water supply in the great majority of instances; 
and the convenience, comfort, and health of the public demand 
that such works when required shall be no longer postponed. 
The initiative has been taken as to the question of a new source 
of water supply for London, in a pamphlet by a well-known 
authority in this branch of engineering, aod sooner or later the 
subject must command public attention. The waterworks eugi- 
neer must also be competent to design and superintend works of 
sewerage, as well as of water supply, for large and small towns 
and localities; aud his familiarity with waterworks will naturally 
aid him in this, as the problems for the discharge and pressure 
of fluida are identical in both cases. The great sewerage works 
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of London are now far advanced and have already produced bene- 
ficial results; the attention of other still neglected cities and 
towns has recently been called to this important subject by the 
loud and startling voice of a threatened return of cholera, and it 
is to be hoped that the proper authorities will perform their 
duty promptly and efficiently in this matter; but I cannot here 
refrain from calling attention to a gigantic evil which has been 
created by certain drainage and sewerage works already executed, 
and where the convenience and comfort of one set of people have 
been secured only by the infliction of a nuisance upon others: 
I allude to the pese of collected sewage, without auy reba 
at purification or deodorisation, into streams of pure water.- It 
is remarkable that an injustice so great, and an evil so intole- 
rable, should in any case have been permitted by parliament or 
by the general law of the land; but now that public attention has 
been fairly directed to the snbject, let us hope that as soon as 
possible a remedy will be applied to the cases where mischief has 
already been done, and that care will be taken to prevent its 
recurrence. It is no longer a matter of doubt that deodorisation 
or purification is quite practicable in every locality, and there- 
fore no sewage should ever be permitted to be discharged into 
existing streams without this purification, or it should be carried 
out to the sea, and there discharged, as is now proposed for the 
north side of London. 

The mechanical engineer deals with the most varied and nume- 
rous subjects of all the branches of engineering. They require 
that he should thoronghly understand the means of producing 
mechanical power, and of applying it to all the infinite variety 
of purposes for which it is now demanded. To this end he should 
be master of the laws of motion and rest, of power and speed, of 
heat and cold, of liquids and gases. He must be familiar with 
the strength of materials under every variety of strain, the 
proper proportions of parts, and the friction of surfaces. He 
must apply existing tools and contrive new ones for his work, 
and know how to direct power in the raising of weights, or for 
driving all fixed machinery, or in producing locomotion on land 
or water. On railways he is responsible for the vast number of 
objects required in the machinery for erecting and repairing 
shops for the engines and carriages, for the pumping and other 
fixed engines, and especially for the locomotive engiue itaelf, and 
for rolling and fixed plant generally. In connection with docks, 
he is required to design the machinery for opening and closiug 
the dock gates, working sluices, emptying graving docks, or for 
working the cranes on the quays,or in the sheds and warehouses. 
The mechanical engineer generally also executes the designs of 
the engineer, even when he does not originate the work 
which is intrusted to him; andin this branch considerable chemical 
knowledge must be added to his mechanical qualifications. For 
waterworks he designs and executes pumping engines, sluices, 
valves, stopcocks, &c. In the case of mines he supplies the 
designs of the engines for pumping, drawing, winding, or ven- 
tilating; for locomotives above and below ground, as well as for 
the various mechanical appliances required in collieries, mines, 
and ironworks. 

The adoption of the telegraph has been so astonishingly rapid 
and extensive, both by sea and land, and the purposes to which 
it has been applied so important, that a considerable body of 
able and accomplished engineers have devoted themselves almost 
exclusively to the subject for the last few years, and have already 
created а new branch of the profession, called telegraphic engi- 
neering; but to be an accomplished telegraphic engineer, it is 
necessary first to be a good mechanical engineer, und then to add 
the special knowledge of the electrician, and therefore I include 
them under the -head of mechanical engineers. I think it may 
fairly be traced to the distinguished ability of that class of 
mechanical engineers who have devoted themselves to telegraphic 
engineering, that already so much has been done in telegraphy. 
Certainly no discussions have been more ably sustained in this 
Institution than those npon this subject. 

Allied with the mechanical engineer is the naval architect, and 
only a mechanical engineer could have constructed the vast 
steam-ships of modern days. The ordinary timber-ship builder 
of old would have been literally “at sea” in the construction of 
modern vessels, wherein the material is iron, and when the size 
of the vessel requires scientific knowledge of form and resistance, 
of strains and of strength, and when steam is the motive power. 
The demaud for large and swift vessels for ferries, for long 
voyages, for floating batteries, and for iron-clad sea-goiug vessels, 
has of late been so great that the construction of steam vessela 
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has become а distinct branch of engineering, under the name of 
naval architecture. 

The mining engineer must possess much of the knowledge of 
the railway and mechanical engineer, and he must add to that 
general knowledge much ial knowledge of his own. He 
mnst know how to sink shafts to the minerals if they require to 
be extracted from beneath the surface (which is usually the case) 
and how to divert or pump out the water he meets with either 
in the shafts or the workings. He must know how to excavate 
and bring to the surface minerals, whether they be coal, copper, 
tin, lead, or iron, and to do this he must construct subterranean 
railways, provide means of ventilation by fans or furnaces, supply 

wer to lift the extracted mineral to the surface; and when 

rought there he must understand the farther requisite work, 
as the coal will probably require screening, or washing, or manu- 
facturiug into coke; and the ore will uire crushing, washing, 
or smelting, or possibly all three operations. In all these 
and many others, such as the collection of surface ironstone an 
other minerals by railways and locomotive engines, and the 
working of lifts and inclined planes, the mining engineer has 
moet important functious to perform, aud special machinery to 
adapt or invent; and relying on his judgmeut and skill alone, the 
investment of large sums of money for the development of the 
mineral wealth of this country is annually made. 

I must not altogether omit a passing reference to the scientific 
talent which of late years has been devoted to artillery—its 
weapons of attack and works of defence; and I think we may 
fairly claim that it is mainly due to some of the able members of 
this Institution that this art has been placed on & new and 
vastly improved basis, and that as & consequence a new branch 
of the profession has been actually created—artillery engineering. 
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ON THE TENACITY OF SOME FIBROUS SUBSTANCES. 
Ву W. J. Млоусовн Каккгке, С.Е, L.L.D. 


In order to compare the tenacity of a substance with its 
heaviness, the load required to tear a given bar, strip, or cord 
asunder is to be multiplied by the length of во much of the same 
bar, strip, or cord as weighs an unit of load: the product being 
the tenacity of the materia] expressed in units of its own length. 
The following examples are taken from ordinary tables of the 
heaviness and tenacity of materials:— 


Length of |Tenacity in 
Tearing Load, 1p. weight foot of whe 
in feet. | Material, 


180,000 | 0 
100,000 | 0-8 
4,480 | 0-6 
60,000 | 0-8 
50,000 | 0*8 
8-0 

4-0 

6-0 

0-2 


15,000 
12,000 


1,050 | 26: 
67,200 . 


It would be easy to multiply examples such as the preceding. 
If the ваше method be applied to the weights and tearing loads 
of canvas, as given in Mr. Carmichael’s paper on that subject, 


the following are the results:— 
Royal Navy Canvas. 


Mean of Nos, Mean of Nos. 
1, 2, 8,4, 5, 6, 7, and 8 
Tenacity of warp in lineal feet of canvas ... 21,552 27,200 
Tenacity of weft in lineal feet of canvas 30,788 82,000 
Mean tenacity of the flaxen yarn іп 
lineal feet of iteelf, being the sum of 
the tenacities of the warp and weft 52,340 59,200 


These results show the least strength that is allowed to pass 
the test. 

Since reading Mr. Carmichael’s paper, and making the fore- 
going calculations, [ have made some experiments оп the tenacity 
of flaxen thread and silken thread, of which the following are 
the results:— 

The flaxen thread was unbleached, and measured 15,833 feet 
to the pound weight. Its tenacity wss not uniform in different 
parts; and as, in the practical use of any material, the least 
strength alone is to be relied on, I ascertained,’ carefully the 
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breakin 


- load of the weakest parts of the thread, which was 
6 ib. 


ence the tenacity of that thread, in feet of itself, was 
15,833 x 695,000 feet. 

The silken thread was of two sizes, measuring reapectivel 
9417 feet, and 19,950 feet, to the pouod. The tenacity of ea 
specimen was sensibly quite uniform at different points. The 
breaking load of the thicker specimen was 12 1Ъ.; that of the 
thinner specimen, 6 lb. Hence their respective tenacities, in 
feet of themselves, аге as follow:—Thicker specimen, 9417 Х19-- 
113,000 feet; thinner specimen, 19,950х 6--119,700 feet;—the 
latter specimen thus proving to be three times stronger for its 
weight than cast steel. 

In these experiments the length of one ponnd of the thread 
has been ascertained to the precision of about 1 per cent., and 
the poe Пред to that of 3 or 4 per cent. 

It is probable that silk is the most tenacious for its weight of 
all known substances; and when, together with that fact, we 
take into account that its specific gravity 18 almost exactly that 
of water, it would seem, from a purely mechanical point of view, 
as if silk were the most suitable of all substances to give strength 
to submarine telegraph cables. But, unfortunately, when we 
consider the question from a financial point of view, it turns out 
that the price of silk is so high as to make its use in telegraph 
cables quite impracticable. 

Knowing that silk fibre is of the ваше heaviness with water, ао 
that a prism a foot long and an inch square weighe 0433 lb., 
it is easily computed that the tenacities of the two specimens in 
Ibe. on the square inch аге ав follows:—Thicker, 49,000, very 
nearly; thinner, 51,900, or equal to the strongest boiler plate. 

І have also made а few experiments in order to determine the 
extensibility of silken thread; but the complexity of the pheno- 
mena which take place when that material is atretched, have 
hitherto prevented my obtaining precise results, Even а small 
load produces a stretching which gradually increases with time, 
and which also gradually disappears after the load has been 
taken off. 

А load of 5$ lb. put upon a thread of the thicker kind, whose 
original length was 52°78 inches, produced a total extension of 
3°56 inches, of which, between 15 and 18 inch, was set, con- 
tinuing when the load was taken off, but gradually diminishing 
afterwards; while the remaiuing inch, or thereabouts, was elastic 
strain. About half of the set, viz, '75 ог "8, had disappeared 
two hours after the load was taken off; the remainder continued 
to exist after the load had been off 8 hours. The extenaion, with 
в given load, was on an average about 0°10 inch less when the 
load was increasing than when it was diminiehing, showing the 
effect of what Prof. William Thomson has called “molecular 
friction.” The results of the experiments correspond on the 
whole approximately with the following value:—-Modulus of 
elasticity of silk fibre, 3,000,000 feet— 1,300,000 Ib. on the square 
inch. If we take the proof load, or greatest safe load, at one- 
third of the breaking load, the modulus of resilience or power of 
bearing shocks, which is a third proportional to the modulus of 
elasticity and the proof strength, ie found to be as follows, for 
the thicker specimen of silken thread:—473 feet (that is, 473 
foot-pounda for a prism weighing 21b.) corresponding to 205 
foot-pounds for a prism of 2 feet x 1 inch x1 inch. 

The resilience of a tie bar 2 feet long, and 1 inch square, has 
the following values for some other substances. 


Very strong tough steel ... oe ids 60 foot-lb. 
Strong hard steel spe um 44% Да 46 ,, 
Soft steel 22% — ея icy $31 , 
Good iron wite ... zu s m 86 ,, 
Good bar iron — ... 25; sez да 14 , 
Strong plate iron ... ге EN 36 12 ,, 
Strong tough cast iron... os sss t 55 


Occasiuns may arrive wheu it is necessary to have cordage of the 
least possible weight for a given strength or for a given resi- 
lience, without regard to expense; and then withont doubt the 
best material is silk. 


Steam Fire Engine.—A trial of в тарани Steam Fire Engine, 
stated to be the most powerful one of kind ever constructed, took 
place on the 29th ult. The engine tried was the sister engine to the 
“ Sutherland,” built by Merryweather and Sons, and proved herself to 
be even more powerful than her celebrated predeoessor— throwing a jet 
of 14 inch diameter, in the direction of & moderate wind, to а distance of 
300 feet—the spray going much farther. Uuder similar circumstances, 
& 2 inch jet was projected over 200 feet. 
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EXPANSION AND PROPULSION. 


ALL peraons ага familiar with the transcendant achievements of 
steam power, and almost all consider them prelusive to others 
still greater ; but while everyone sees what it does, comparatively 
few perceive how it із done. Ideas of it that reach no further 
than external features and movements of an engine are indefinite, 
and more or less cloudy and chaotic. Even with engiueers 
themselves, there are points on the evolution, treatment, action, 
and applications of the fluid far from being lucid and sharply 
defined. O:inions greatly vary. Two examples may here be 

uoted—one of marked interest to the engineering community, 
de other of greater importance tothe nationaland commercial 
marine: 1. The economy of expansion by cut-offs. 2. The virtue 
of form in propelling blades. The competing engines of the 
Algonquin and Winooski will go far to settle the first, but not 
the second, without removing the undershot water-wheela, sus- 
pended as paddles over the sides of both vessels. 

Of the economy of stopping the flow of steam into a cylinder 
before the piston reaches its enda, there is and has been по 
diversity of opinions ; the fact is palpable, and such has been the 
uniform practice since the beginning. The pointe in dispute are 
the extent to which the principle is urged, and the amounta 
of gain claimed. Prevailing opinions, right or wrong, have 
always governed, and much that is due only to reflection and 
demonstration is still yielded to popular dogmas, to interest and 
feeling. L[uventors ofteuer build without data than with them, 
and what is worse, their propositions are too commonly made 
bases of speculation. All this ів uatural, at any rate unavoidable ; 
nor is it on the whole, to be regretted that truth in mechanical 
agin other departments of research, has to be reached through 
conflicts with interests and error. Without efforts to attain it we 
could neither be prepared to receive it, nor capable of ах 
it That which costs little or nothing is held of smal 
account, 

While admirers of “ independent" cut-offs dwell complacently 
on that part of the operation to which “the great saving” is 
attributed, others glance at what they hold asa full counter- 
balance. Thas, when a charge cut off at one-third drives the 
piston through the remaining two-thirds, a clean profit is 
elaimed. То this other observers вау пау; that against it should 
be placed the expenditure of two-thirds more power—steam — 
on the first part of the stroke than was necessary, and hence 
that what is gained at one point is lost in another ; at all events, 
that the difference is rather slight than serious. But may not 
the surplus force on the firat part be recovered and applied to 
the latter ? No, not a particle. Misspent force can no more be 
recalled thau misspent time. It vanishes with its action, and no 
longer existe. Yet the steam is still in the cylinder. Granted, 
but И no longer possesses the power gone out of it. The power 
is in expansion, and while the piston was stationary it was 
intact, but diminished as that gave way before it. At a first 
glance the loss may not be apparent, but the difficulty will 
vanish when it is remembered that communication with the 
boiler is not closed till the piston has passed through the cylin- 
der to the point zed on for the cut-off to act. Till then, the loss 
is made good from the boiler, and consequentiy does not appear 
in the cyliuder. Could unproductive or misapplied force, of any 
kind, be recovered and turned to profit, the economy of creation 
would be very different from what it is. 

И would moreover be a marvel if additional power could be 
got out ofa definite quantity of steam by increasing its tension 
—if one-third of a charge at 90 lb. on the inch were more effec- 
tive than a full one at 30 lb. As well expect to spin more thread 
out of closely than loosely packed cotton. Compression can add 
nothing to the fibre or fluid. The gain, however, is ascribed to 
economy in expending the fluid, rather than to an increase of Ив 
quantity, and engineers on both sides of the Atlantic have 
indorsed the system. The government experiments will, it is 
presumed, definitely settle the question. When they are com- 
pleted and published we shall learn whether the principle of 
high or extreme expansion is to be preferred to the doctrine of 
those who hold that the available force of the charge can vary 
but little, whether compressed into one-teuth, one-fourth, or 
one-half of its initial volume—that disbursing steam and money 
is much the ваше, a gold dollar going no further than a silver 
one, nor it varying in value, whether laid down in one piece, or 
in halves, quarters, or dimes. There are probably no expendi- 
tures of force unattended with loss or waste, but by no system of 
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saving can the principle be reversed and the outlay of one por- 
tion command a return due to a greater. 

It is to the second proposition this paper is intended tuore 
especially to invite attention—one of high import to the govern- 
ment, since it involves the question of speed, and that in vessels 
of war is vital—is everything. It has elsewhere been remarked 
that an increase of a few knots iu our cruisers would have 
virtually ended the late horrible war two or three years ago, 
saved thonsands of lives, and multiplied millions of money—that 
it may as well be obtained as current rates, and will be, though 
perhaps not without further struggling againat a plain law of 
physics—plain and perfect to those who look into it, a stumbling- 
block and foolishness to those who do not; that is, those who 
prefer rectangular planks to the form of blade which science pro- 
claims, and nature everywhere confirms—whose ideas of driving 
ships over seas and rivers are those of the builders of Roman 
gallies, and engineers of the Middle Ages. They propelled 
vessels by two, four, and sometimes six oxen. Two were yoked 
to and travelled round a vertical shaft, andeach shaft carried a 
pair of paddle wheels identical with those by which they ground 
corn on the edge of running streams, and in boats anchored on 
rapid rivers. 

If there are other examplesof non-advancement over the dark 

ев as gross ая this, we know not where to look for them. Our 
planet is а school for engineers, as for other professions It is 
alive with illustrations of mechanical laws, as fixed and im- 
mutable as the universe itself; and nothing is more certain, that 
only во far аа our devices accord with them can they succeed. 
Thus it will be, as heretofore, with the propelling blades of a 
steamer ая with the force that propels them. Abortive must be 
all attempts to make her speed what it ought tobe, аз long as the 
principle of form so distinctly and variedly manifested in organ- 
isms that move rapidly through air and water is ignored. It ia 
fundamental. No finite intelligences can improve or supersede 
it. Thereis marvellously more in it than common observation 
perceives. It governs other attributes. Endless are the projecta 
on minor points, ard all of them fruitless for lack of that which 
only can give value to any. 

Every horizontal section of a blade has a different velocity 
and, to make the resistance and effect uniform, its width must 
diminish with the dip. Тһе centre of resistance, instead of 
being пелг the extremity. will then be drawn in towards the 
centre of the blade, and economy of force will result. There is, 
in fact, a reciprocal influence pervadiug every part, every feature 
and movement of a perfect blade ; and wherever this hariuoniousg 
action does not exist, loss of speed and waste of power are and 
will for ever be inevitable, for physical laws are eternal. There 
are some things which the present state of science and the arts 
cannotaccomplish, but there is no obstruction, mental or physical, 
to our giving to sea-boats a maximum of speed with a minimum 
of force—to our rivalling in this respect the ablest engineers of 
the future ! 

If not disgraceful, it certainly ia not creditable to American 
and European engineers that the problem has not been solved 
before now. It would seem impossible for it to be much longer 
neglected. The present opportunity of again bringing it to the 
notice of the Navy Department is singularly favorable. Numer- 
ous public vessels have been sold, and more are yet to be dis- 
posed of. Out of so many, one or two might surely, and without 
injury to the public interest, be detained for the purposes of 
experiment. The British government has experimental steamers, 
and much more should ours; but passing that, АП that is now 
asked is that the Algonquin or Winooski—the one which proves 
the fleetest in the approaching trial—be fitted with blades on the 
principle recommended іп the Patent Office Report of 1849, It 
is therein demonstrated that speed is essentially affected by the 
figure, thickness, and number of the blades—that their propelling 
power expands and contracts with the volumes of water they 
displace. Ocean steamers had them of 23, 33, and even 4 inches 
thick, amounting to from four to five hundred cubic feet of solid 
timber to be kept whirling through air and water, and losing on 
the average 7 feet of effective stroke (the aggregate thickness 
of one wheel’s blades) at each revolution: some wheels actually 
lost 12 feet of stroke at every turn. But there were engineers 
then who meiutained the hypothesis, “the thicker and heavier 
the blades the better, for the heavier the wheela the easier thev 
work !” 

The length of paddle planks then varied from 12 and 14 to 
22 feet! The incessant jar arisiug from their striking the water 
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was shown to be a ceaseless source of destruction to both engine 
and vessel, as well ns waste of power. Some boats had wheel- 
houses wider than their decks, so as to make it doubtful to 
strangers to such craft whether the hulls were accessories to 
them or they to the hnils. In this respect the number of blades 
has heen greatly reduced. There were then steamers with 36. 
The United States, among others, had one bolted to each side of 
her radial arms or levers. The number settled down to 28, next 
to 14, and now there are examples of only 7 being employed, as 
urged in the report. But the most important suggestion is yet 
ignored by those who have taken advantage of the rest, and, 
with scarcely an exception, without the slightest acknowledg- 
ment. It will, however, yet be conceded that the naked arms of 
old steamer's wheels would, if sufficiently lengthened, have pro- 
pelled them more effectually than the usual plank paddles 
attached, because of their approximating to the only principle 
applicable to the case—that which nature illustrates in the long, 
narrow, and tapered organs of her swiftest swimmers and flyers; 
and (ав there is no originating a law or principle of our own) 
which, ір order to succeed, we must adopt or fruitlessly oppose 
and fail as heretofore. Instead of churning the water's surface 
with wide dashers, we must take deep hold of it with blades that 
enter without jarring and lift no loads of it on leaving. 

The usual prenomen to steamers’ wheels is a wrong one, there 
being uo analogy in their action and that of the Indian’s paddle. 
To resemble it the longer axis of the floats or buckets, instead of 
being parallel with the shaft, should be perpendicular to it, and 
instead of seeking resistance away from the hull, find it in depth 
close to it. The oar reaches out, but that is to adapt it to human 
power. Sweeping horizontally through the water at a much 

reater distance, more power is lost in being imparted to its 
Blade than to that of the paddle. In large wheels the loss is 
considerable, as the power has to pass to and from the furthest 
ends of the buckets, whose action is really that of rotating oars— 
widely different from that of vertical paddles, which would dis- 
pense with three-fourths of the massive overhanging shafts. 

To use the narrow blades of paddles for undershot wheels 
would be quite as rational as employing the wide planks of the 
latter for propellers, 

A series of experiments was proposed to the administration of 
President Taylor, and a vessel—the Water Witch—was 
designated for the purpose, but his sudden and lamented death 
put ап епа to Ше design. Conducted under the supervision of 
the heads of the Coast Survey and Smithsonian Inatitution, 
scientific officers of the navy, and representatives of the Franklin 
Institute, the result, whether in favour of or against the current 
wheel, would have been of lasting value, and so will the solution 
of the problem be, whenever and by whomavever it is accom- 


——~plished. The government has now another reliable source of 


information and advice in the National Academy of Science. 

In 1855, Profs, Bache and Henry, іш a letter to the Secretary of 
the Navy, stated that the proposed experiments “would be of 
great practical value to the world at large, and of particular 
advantage to the Navy of the United States.” But the time for 
them had not come. The reply was, “Тһе Department appreciates 
very highly the importance of a series of experiments on the 
beat form of propelling blades or paddles for producing, with a 
given expense of power, the greatest useful effect. It has, how- 
ever, to regret the want of authority to undertake them, * * 
and could not, without inconverience to the public service, 
furnish a vessel for the purpose.” 

It may be that the Navy Department inclines to the opinion of 
some of its subordinates, that the paddle wheel is all that is 
wanted, and, во far from ever being superseded, is destined to 
move the earth’s fleets of steamers as long as its prototypes 
transmit power from running streams to mills and factories. 
Well, why not then have a practical demonstration of its supe- 
riority, which would repay the cost a thousaud-fold, and reflect 
enduring honour on the department. The expense can hardly 
exceed the tithe of a tithe of the pending experiments on 
steamers and steam. Were it as great, it would be true economy 
to incar it. 

There is, of course, an end of the question of propulsion with 
those who think there is no natural law or priuciple of velocity 
іп steam vessels, or, if there is, that it has по relation to the form 
of propelling instruments. If they are right, the highest speed 
has been attained, and we must sit down and rest satisfied with 
the common wheel, for there ia no risk in repeating the assertion 


THE CIVIL ENGINEER AND ARCHITECT’S JOURNAL. 


[Feb. 1, 1866 


that nothing more is to be got out of it. After undergoing 
endless variations in details, its dimensions have been swelled to 
extreme practical limits, and to meet the resistance an unpre- 
cedeuted amount of metal has been put into the shafts—and to 
what purpose? The largest have been strained to breaking, yet 
no increase of speed. But it is preaching in the desert to reasou 
with those whose ideas of progress are bounded by the present, 
who imagine that steam-ships of the future are not to surpass 
those of to-day. 

The sole motive in calling the attention of the government 
once more to the subject, is an abiding conviction of its impor- 
tance tothe navy. Tho writer has no selfish object to accom- 
plish—no wish to divert a dollar from the treasury into his 
pocket. He has nothing to gain by the adoption of his views, 
and nothing to lose by their rejection. E. 


——— — —— 


SOCIETY OF ENGINEERS. 


Тне following are portions of the inaugural address, delivered 
by Mr. Zeram COLBURN, on hia election as president of the 
Society of Engineers, on the 22nd ult. 


Ir is not necessary that 1 enlarge here upon the past progress 
nor upon the prohable future of the engineering profession, nor 
shall I detain you with a review of the engineering works 
achieved last year, nor with a list of what is to be attempted this 
year. All these you are in the habit of reading in the news- 
papers, and I need only say, if it be considered necessary in my 
position to say it, that I believe the profession of enzineering ia 
now established upon а footing which will ensure the success of 
every qualified person who adopts it and practises it rightly and 
well. What, I think, should be particularly addressed to the 
members of this society on an occasion like this, are some 
remarka upon the possible development and probable future of 
the society itself. It is now in its eleventh year, and it already 
counts a large number of members, and is in receipt of a 
considerable annual income. Бо far the society has been ех- 
ceptionally fortunate in having enjoyed the benefit of the 
unceasing labours of our honorary secretary, Mr. Williams, and 
but for his services, exerted іп еуегу manner that could secure 
the best interests of this society, it might, I am inclined to 
believe, have fallen to the ground long age. I say this quite 
apart from any complimentary considerations, and merely 
because it must enter into our estimate ot the future position of 
the society. We occupy, ав a society, a somewhat exceptional 
position. Only a small proportion of our number are engaged in 
the design and conduct of engineering works upon their own 
account. I am glad, however, to see that our numbers are now 
being steadily recruited by gentlemen engaged in actual practice. 
The value of а society like this is in its power of concentrating 
profesaional talent, in influencing it in new directions, and in 
securing public respect and confidence. Now this сап be done 
ошу by deserving both. Unless it can be seen that successfully 
executed works are described here and discussed by those who 
are competent to do eo, we cannot expect to take the rank 
which, as a society, we all wish to have before the world. 
We have had here many papers, exhibiting much industry in 
their preparation, papers containing unexceptionable truths, yet 
these papers have been, in many cases, compilations, instead of 
being prepared from the special knowledge of their authors. 
Not but the society is under obligations to whoever prepares and 
reads а paper here which is not in itself ducunt: Membera 
should dismiss from their minds any idea that they are doing a 
favour to Ше society in preparing papers for reading and dis. 
cussion. Not but what the society may and probably does derive 
some actual benefit from the papers, but they should be prepared 
from a seuse of duty, and as but a fair contribution towards the 
interest and usefuluess of the proceedings. Those who will take 
the trouble to put upon paper any subject which they really 
understand, cannot fail, 100, to derive some advantage from doing 
so. The preparation of papers disciplines the mind, and compels 
the writer to choose his forma of expression. A facility for this 
kiud of composition, whether natural, or acquired ав it may be 
by practice, is of great value in every sphere of professional life. 
The ability to give correct expreasion to sonnd truths and to 
good ideas often enables the speaker or writer to influence those 
who would be otherwise far out of his reach, and thus not only 
to derive direct advantages for himself, but to advance whatever 
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горег cause he may make the subject of his communication. 
Ih» this light the preparation of papera by members of this society 
із to be regarded as а valuable ezercise, and for the sakes of the 
writers themselves it should be followed whenever time and a 
good subject can be found. This preparation compels the writer 
to study and to reflect, and is in many ways an excellent means 
of self-improvement. 

The course which I have endeavoured to point out is the one 
which, along with some other cirenmstances, has brought the 

nt society, the Institution of Civil Engineers, to its present 
Pigh position. It might, indeed, be asked why a further society 
like ours should be needed at all, but I believe that our meetings 
furnish additional and valuable opportunities, more especially for 
the younger members, which the Institution, useful as it ia, can 
nevertheless hardly afford so well as this society. However we 
may secure the co-operation of gentlemen in actual practice as 
engineers, we shall always be represented, upon the whole, by a 
much younger class of men than those forming the Institution. 
And our subjects for discussion will also embrace more works of 
mechanical engineering, and it may, indeed, be said that ours is 
the only professional body in London which habitually does deal 
with mechanical engineeriug. Our meetings give opportunities 
for the expression of opinions, and for practice in discussion, 
which could not be expected, at least by the younger members, 
at the Institution. Our past success is, indeed, sufficient to show 
that, properly conducted in the future, the Society of Engineers 
has no need to fear that its position will not be duly recognised 
aud the value of its proceedings acknowledged by the profession. 
Any idea of rivalry with the parent society, as we may call the 
lustitation, can never, I feel sure, have been entertained for a 
moment by anyone amongst us. 

The demands for all kinds of professional knowledge is now 
greater than ever, and this society enjoys many facilities for 
collecting and disseminating such knowledge, and thus for com- 
manding the general respect and confidence of the profession 
The society will do much for those, and they are perhaps the 
majority of the younger engineers, most of whose instruction in 
their future profession is self-instruction. It will not only bring 
before them subjects which are new to them, but the discussions 
will lead them to reflect and сфпраге one thing with another, 
and to push further inquiries, and besides to cultivate a habit of 
reading. I believe that iu this way the society bas already 
accomplished a great amount of positive good, although we may 
have no precise meaus of estimating it. I believe that nearly 
every one of our members who has habitually attended our 
meetings, and preserved our volumes of Transactions, will own 
that he has derived direct personal benefit from what he has 
heard here, and it is by improving, as the council now believe 
they see the way to improving, tlie preparation of papers and the 
tone of the discussions, that these benefits will become more and 
more distinctly recognised and appreciated. It should be the 
wish of every member to co-operate in the plans of the council, 
BO as to briug this society into a position where its membership 
will be publicly regarded as a beneficial distinction, by giving 
an assurance of professional fitness for such works as the mem- 
bera may undertake. 

In looking about us upon the works which are already in pro- 
gress, and in looking forward to those upon which the younger 
members are likely yet to be engaged, we cannot fail to be struck 
witb the increasing scope which our profession offers. Never 
before were so many, so extensive, and such varied engineering 
works іш hand ; never before have во many new works been con- 
templated. Improved machiuery and improved processes are so 
cbeapening almost every kind of production, in the getting of 
coal, ia the working of metals, in the manufacture of bricks, 
glass, paper, &c., in agricultural operations, and in the means of 
communication, that we are adding to our national capital faster 
than ever before. It is impossible, indeed, to define the limits 
within which invention, as applied by civil and mechanical 
engineers—for, whether they are inventors themselves or no, 
engineers are the best fitted to carry most inventions into practice 
—it is impossibleto say within what limits invention thus ap- 
jied 18 now adding to the permanent wealth of the nation. 

hat the steam engine, the spinning frame, the power loom, and 
the iron rolling mill have done for Great Britain is really beyond 
our powers of estimation. Then came a later series of inventions 
of not less importance— gas-lighting, the locomotive engine, the 
eteam printing press, the hotblast, ocean steam navigation, and 
the electric telegraph. Still later we have bad the reaping 
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machine, the steam plough, and the Bessemer process. Each 
and all of these has done, is doing, and will in future time con- 
tinue to do, more for the good of mankind than was accomplished 
by all the art and skill of the two thousand years of the world’s 
history previous to the time of Watt, excepting only the inven- 
tion of printiug and the discovery of the mariners compass. It 
is engineers who are turning all these grand inventions to 
practical account for the useful purposes of men, and iu many 
cases engineers are themselves the inventors of new processes 
and machinery. А great secret of professional success consists 
in knowinz bow to improve upon previous practice, whether by 
invention off-hand, or, more commonly, by that course of elabo- 
rate thought and comparison which results in what the engineer 
prefers to call design. Not that the inventive power is indis- 

nsible to success, but when controlled and regulated by good 
Козак and sound judgment it із а great aid. 

Many of the members of this society are pow at an 
age—and [am speaking of the younger members—when new 
inventions, once studied and understood, make the most per- 
manent impression upon the mind. There is enough now that, 
if not absolutely new, is but now beginning to attract general 
attention, or which, at most, has not been for any great length 
of time before the world. The young engineer should make him- 
self conversant with tbe contemporary inventions of his own 
time. The new coal-cutting machines, new puddling machinery, 
the Bessemer process, the steam-plough, the steam fire-engine, 
the pneumatic railway, the universal telegraph, the gas-engine, 
the Enfield rifle-making machinery, the various patent moulding 
machines employed in the large foundries in the North, the 
recent applications of frictional gearing, the injector and the 
later improvements made upon it, the newer apparatus for test- 
ing iron, the Mont Cenis railway, Mr. Sturrock's steam tender, 
&c., should all be well mastered, and the young engineer should 
have definite opinions upon them all. бо of inventions re- 
lating to warfare—the construction of the principal kinds of 
ordnance and their rifled projectiles, the constructiou of armour 
sides for ships, of gun-carriages, and of turrets. There are, 
also, those large engineering questions which the younger 
members of the profession should keep themselves informed 
upon—the large bridges now contemplated in many parta of 
the kingdom, and the drainage and water supply of towns, 
and especially of the Metropolis, the improvement of rivers 
and harbours, and the great question of ocean telegraphy. In 
touching thus briefly, and almost without regard to their 
relative importance, such a number of subjects to which the 
minds of во mauy of the members of this society may be 

rofitably directed, I do so more to suggest the opportunities 
ог, ав well as the value of, constant thought. It is the power 
of thinking closely, and for practical purpose, that gives to 
the engineer his ability to deal with fresh difficulties as they 
arise, and if the younger members of this society have made 
up their minds that the opportunities for engineers are to be 
greater than ever in the future, they must also bear in mind 
that the preparation for the duties of our рам must also 
be more complete than ever. To this end we may all hope 
that the Society of Engineers, as an establishment or an in- 
stitution, may in future be enabled to render greater services 
in the advancement of engineering knowledge than ever before. 


---2--- 


THE NATIONAL BOILER INSURANCE COMPANY. 


Mr. HiLLzR, chief engineer, has laid his annua! report before 
the National Boiler Insurance Company (Limited) 22, St. Ann's- 
square, Manchester. The following is an abstract :— 

Mr. Hiller commenced by stating that the company had 
already acquired an extensive and rapidly increasing connection 
amongst boiler owners in the districts to which ite operations 
have been extended, and the prospects for the future are of the 
most promising and encouraging character. Мо explosion has 
occurred to any boiler insured with this company. Some of the 
boilers have been injured through mistake or negligence of the 
attendants, nnd other cases have been reported where serious 
injury would have been sustained had the boilers been unprovided 
with good fusible plugs on the furnace crowns, which, by their 
timely action, prevented damage. One case of partial collapse 
of the furnace tube of an insured boiler is worthy of special note. 
The boiler was fed with water strongly impregnated with salt and 
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chalky matter, which, owing to omission of frequent cleaning, 
was во thickly deposited on the furnace crown as to cause оуег- 
heating of the plates, and use injury. The use ot good 
surface blow-out apparatus would have prevented the accumula- 
tion of the deposit, and subsequent damage to the boiler. Many 
serious defecte, some of them of a most dangerous character, 
have been met with in the boilers inspected. Internal corrosion 
is frequently met with, in some cases seriously weakening the 
boiler in a very short period. In most cases its progress may be 
arreated by the daily admixture of a small quantity of common 
вода with the feed-water. In any case where the use of soda does 
not prove effectual he would suggest that the water should be 
analysed by a first-class chemist, who would doubtless be able to 
recommend an antidote. Many of the leading boiler makers 
now rivet on the boilers suitable joint-beds for the fittings, and 
good mouthpieces, with planed joint faces, at the manholes, which 
much facilitate the proper making of the joints and materially 
strengthen the boiler. Where these beds are properly attached, 
and the joints thereto carefully made, leakage is avoided, and 
much trouble and expense saved to the owners. Many glass 
gauges were met, with, where the handles of the taps were broken 
and in other cases the taps were so leaky that the guaye could 
not be properly tested; others were so dirty that the height of 
the water was scarcely distinguishable. Many instances of the 
consequence of neglect of the water gauges have been recorded. 
In one case a two fed boiler was fitted with a glaas gauge and a 
float gauge, but the former was not kept in order, and the float 
only was used, the reault was that both the furnace crowns were 
seriously injured through deticiency of water. Не did not con- 
sider ordinary float gauges sufficiently sensitive for use on 
internally-fired boilers, aud would strongly advise that where 
attached to those externally-fired there should be two gauges to 
each boiler, ав а check on each other. Several cases have been 
reported where the glass gauges were fixed so low, that the fur- 
nace crown would be actually bare of water when several inches 
were visible in the glass. These were certainly proofs of gross 
carelessness or ignorance on the part of those who fitted up the 
boilers. Ав an instance of the gross negligence which is 
occasionally displayed by boiler attendants, he mentioned the 
following :—-An externally-tired boiler, fitted with в "float- 
whistle" gauge, was found with the water so low, that it was out 
of the range of the float, which the inspector found was scotched 
fast, to prevent its indicating the deficiency. 

Many safety valves have been found defective from various 
causes, and he was sorry to remark that, despite all that has been 
written at various times on the subject, and the numerous dis- 
astere which have occurred through their abuse, many instances 
of overloading with irregular weights of various kinds and other 
defects have been reported. In one instance where the safety 
valve was loaded to 40 lb. per square inch, the pressure gauge 
indicated but 26 lb. when the valve was blowing off. The safety 
valve had in consequence been overloaded with pieces of iron to 
blow off with the gauge, thus seriously increasing the pressure ; 
acd the mistake was not discovered until the gauge was checked 
with a correct indicator, which showed it 14 lb. per square inch 
below the actual pressure. Fortunately, the boiler was amply 
strong for the pressure at which it was usually worked. 

The safety valves of some of the boilers proposed for insurance 
were found on inspection to be loaded to above double the pro- 
posed pressure, of which the owners were quite uraware, until 
the boilers were inspected by the officers of thiscompany. Сош- 
pound safety valves, which discharge the steam when the water 
sinks below the proper level, and also act as ordinary safety 
valves, area useful fitting, especially when attached to single 
boilers. The defects to which gauges are liable is exemplified 
in the remarks on safety valves. Some of the gauges noted 
were found seriously inaccurate; in one instance, the gauge 
indicated 20 lb. below the actual load. 

Mr. Hiller states that the great superiority of Smith’s fusible 
plug has been fally sustained by the experience of the past year, 
and confirms the contidence placed in it by this company, in 
making tbe reduction of 10 per cent. from the premium of in- 
surance of those boilers to which it is attached. 

Many boilers are quite unprovided with blow-out apparatus. 
A number of internally-fired boilers are reported as having 
nothing but an iron plug at the bottom for the purpose of empty- 
ing them. This plan is most objectionable, as the water soaks 
into the brickwork at the bottom of the boiler, and leads to cor- 
rosion of the plates, aud also frequently backs into the flues, 
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interfering with their proper cleaning, and preventing satisfactory 
inspection. Suitable rivetted beds should always be provided for 
theattachment of the elbow pipe to the bottom, and the pipe 
should be of such a length that the tap may be easy of access 
for use, cleaning, &c. Where the water contains much sediment 
the use of good surface blow-out apparatus is in most cases of 
great benefit. 

No boiler insured with this company has exploded during the 

t year. Fifty-three serious explosions have occurred in the 
Gaited Kingdom alone, by which 47 persons lost their lives; and 
82 persons were aeriously injured; total, 129. The following is 
alist of the explosions above referred to :— 

The exploded builers were of the following descriptions :—One 
or two flued internally-fired, 14; locomotives, 11; cylindrical 
externally-fired, 12; iron farnace boilers, 5; portable (locomotive 
type), 2; vertical internally-tired, 2; marine ditto, 2; balloon or 
haystack, 2; other descriptions, 3: total, 53. 

Бе causes of those explosions о which particulars have been 
obtained, are as fullows :—Deficiency of water, 10; external cor- 
rosion, 1; internal ditto, 2; internal grvoving at seams, 4; in- 
sufficient staying, or mal-construction, 4; weakness of flue-tubes, 
4; fracture through flaws in iron, 3; over-pressure, 2; failnre of 
seams over surface (externally-fired boilers), 2; defective fire-box 
stays (locomotive), 1; weakneas of manhole cover, 1; no par- 
ticulars obtained, 12: total, 53. 

The serious increase in the number of explosions of locomotive 
boilers calla for special remark, and must impress those persons 
entrusted with their charge with the necessity of providing, іп 
new boilers, for more reliable and frequent internal inspection 
than is now practicable. The number of explosions recorded іп 
1865 is 11, against 6 in 1864, 2 in 1863, and 3 in 1862, The 
number of explosions of these boilers in 1865 being equal to the 
whole of those recorded for the three preceding years. 

The judicious application of the hydraulic test, would probably 


‘have led to the detection of weakness in some of the boilers 
which have failed. "When applyiug this teat, ever 


part of the 
boiler should be exposed to view, and it should be carefully 
gauged and examined before, during, and after the test, so that 
any alterations of shape or other defect may be detected; and it 
is of the utmost importance that the pressure should be kept up 
for a considerable time, so that any defects which may exist, may 
have time to develope and become manifest, otherwise the test 
may prove worse than useless. 

As an instance of the value of the hydraulic test, the follow- 
ing is worthy of record. A large one-flued boiler was proposed 
for insurance with this company, which was in course of being 

enerally overhauled and repaired, and also enlarged by the ad- 
ition of several feet toits length. Тһе old flue-tube was 3 feet 
diameter throughout, 8 plates, the new part of the tube was 
gradually enlarged to about 3 ft. 4 in., the total length being about 
38 feet. The proposed load on safety valve was 60 lb. per square 
inch. It was suggested to the owners to strengthen the tube by 
angle iron hoops or cross tubes, and their attention was directed 
to the fact that the calenlated load (per Mr. Fairbairn's for- 
mula) under which such a flue might be expected to collapse, 
was little over 80 lb. рег square inch. It was also recom- 
mended to apply the hydraulic test after the alterations, &c. 
were completed. Unfortunately the tube was not strengthened 
as advised, and on the test being applied, the fiue collapsed 
almost the entire length, when the pressure had reached about 
83 lb. per square inch, thus illustrating most forcibly the cor- 
rectness of the formula referred to, and the value of the hydraulic 
test, as, had the boiler been set to work, the flue would, in 
all probability, have failed with fearful result. 

The explosions caused by external corrosion, were chiefly due 
to moisture in the brickwork seating of the boilers. Іш several 
cases the boilers were placed iu low situations, so that the 
water from the higher grouud drained into the flues, keeping 
the plates continually damp, thereby inducing serious corrosion 
and consequent explosion. 

When boilers are stopped for internal cleaniug, the external 
flue brickwork should always be cooled down as much as pos- 
sible, by opening wide the damper, and allowing a current of 
cool air to pass through the flues, for a considerable time be- 
fore the water is run out of the boiler. Many good boilers are 
seriously injured by the neglect of this moat necessary pre- 
caution. 
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ON FRICTIONAL SCREW MOTIONS AND APPLICA- 
TIONS.* 
By Jawxs Ковевтзон. 
(With аһ Engraving.) 

THE object of this paper is to describe a system of frictional 
screw motions, with which the writer has been more or less еп- 
gaged for the last ten years, and which appears to be a principle of 
mechanieal action not previously recognised by mechauicians, 
and one of very considerable importance. The application of the 
principle seems also infinite, nnd can produce useful effects where 
the commou groove-threaded screw is unserviceable; hut is one 
requiring mechanical nicety and tact to apply it rightly, and, 
moreover, brings with it so much change in the form of the 
machines to which it can be applied, that it is at considerable 
expense and risk, in most cases, that it can be usefully de- 
veloped. 

Tho writer, though familiar with many useful applications of 
this principle, having been otherwise closely engaged, has there- 
fore, nut sought to apply it to any purpose involving much risk 
in the form of expense, nor allowed i to occupy his time in any 
considerable degree, except for such purposes as have happened 
to come in the wants of his own engineering practice. It is 
hoped, however, that by some information given on the subject, 
and a more general recoguition of the principle by engineers, 
useful applications will increase more rapidly, as there are many 
of these motions suited to particular branches of machine manu- 
facture; and many шеп, with many mechanical ends to reach, 
would fiod use for this principle were it well understood. Any 
contrivance of a generic or organic nature that forms a useful 
ar.d obedient organism to the designer of machines for producing 
the motions and effects he desires in the shortest way, and with 
the least expenditure of force—contrivances such as the cog- 
wheel, the thread-screw, the crank, eccentric pulley, &c.—is of 
greater importance than the combination of these, and adapta- 
tion of them in а machine for any particular purpose, as new 
motions tend to suggest new adaptations in machines, and these 
motions, after a little study, will not merely be found useful for 
some purposes already accomplished, but nlso suggest new 
operations not hitherto attempted. ‘They will not supersede the 
erdinary thread or groove screw to auy considerable extent; but 
are suitable for many purposes, and for producing effects of а 
nature which it would be impossible to accomplish with the 
eommon screw. 

Frictional screwing action is produced by any body that causes 
continuous oblique tangential impingement on a revolving 
eylinder or round bar, where the cylinder or bar is free to move 
on end as well as to revolve. The force at which it will revolve 
and screw forward on end is proportional to the frictional contact 
of the impinging body, ann the pitch of threaa described or 
produced proportional to the angle formed by the direction of 
motion of the impinging body to the axis of the screw-bar or 
cylinder. In some of the larger applications made, the force of 
the screwing action, though not accurately measured in any case, 
would range from 10 to 20 tons, and the thread or pitch of screw 
described perfectly accurate or uniform throughout, there being 
no limit to the force that may be exerted, or difficulty of pro- 
ducing perfect uniformity of pitch by these screw motions, 
although the purposes to which they are likely to be applied with 
most advantage are not those that require either great power or 
minute accuracy of action. 

The mechanical properties possessed by these screw motions, 
as distinguished from the ordinary screw, are chiefly the pro- 
perties of indefinite variation, or change of thread, or pitch of 
screw, produceable iu one screw, any pitch being readily obtained 
from an infinitesimally small pitch, to direct rectilineal motion 
on end; and of reversing the thread from right to left without 
changing the direction of the motion of the nut or screw; the 
mechanism which constitutes the nut being in most cases easily 
adapted to do this. 

The mechanism which cunstitutes the nut is very varied— 
screwing action being effectively generated, or produced by 
straight or curved bars, by parallel or by bevelled pulleys, or a 
combination of these acting tangentially on the surface of а 
round bar or cylinder, and these, instend of surrounding the 
screw like an ordinary nut, acting external to, and revolving on 
different axes to the screw bar, giving thereby a great variety of 
new facilities of application; as both nut and screw, while they 
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are acting in this relation to each other, may be serving other 
purposes in the machine, and their functions as a screw motion 
of a secondary character. 

The primary principle of these motions will be understood by 
Fig. 1, Plate 8, consisting of a cylinder mounted on an axis, and 
placed on bearings so as to be free to move on end, and to revolve 
freely, representing thereby the screw, and having placed in 
effective driving contact with it a parallel frictional pulley of 
sufficient breadth to withstand wear, keyed оп an axis, and held 
in bearings in a forked holder having a lever fixed in the fork во 
as the axis of the frictional driving pulley is kept horizontal to 
the plane of the screw barrel, but шау have ita axis set by the 
lever, shown at right angles, or at any intermediate angle with 
the axis of the screw barrel, thereby representing the nut. 
Motion being communicated to this pulley by the belt pulley and 
strap shown, and communicating motion by its contact with the 
frictional screw, causes it to revolve; and, on the lever and axis 
nut pulley being held at an angle to the axis of the screw barrel, 
а screwing action at a corresponding angle, as indicated by the 
dotted helix line on drawing, is produced; and when the screw 
pulley is turned round to a corresponding angle in the opposite 
direction, a reverse or left-hand screw motion will be described 
as indicated by the left-hand screw dotted helix line in barrel; 
and any intermediate screwing motion, in either direction, can 
be described without changing the direction of the motion of the 
nut or screw, from a screw of an infinitesimally small pitch of 
thread up to direct rectilineal motion on ends. 

Figs. 2 aud 3 are elevations of similar screw motions; Fig. 3 
showing a nut composed of two frictional pulleys, placed at 
opposite sides of the screw barrel, in which position the contact 
pressure on the axis of the barrel is neutralised, and double the 
effective contact thereby obtained. 

By increasing the number of nut pulleys, the adhesion between 
the nut and screw may be increased to any required degree, 
without causing too great a pressure on the axis of the nut 
pulleys, although, for most purposes, two pulleys are sufficient 
and most convenient. Motions of this nature, chiefly of an . 
experimental character, as adaptations for feed traversing 
motions, for tools, &c., have been tried, but it would be tedious to 
enter into the details and modifications of these, the figures 
having been given chiefly to illustrate the principle of these 
motions. 

Fig. 4 is an elevation, and Fig. 5 a sectional plan of a frictional 
nut and screw, in which the contact pressure is maintained on 
three sets of nut pulleys or rolls, and which resembles the 
common screw nut. Instead of working in bearings, a tubular 
piece or hoop turned out truly, encircles the spindles and rolls, 
and are so adjusted to roll on the screw barrel at one point of 
their periphery, and directly opposite this point to roll on the 
internal turned surface of the hoop. An arrangement is also 
made to tighten on the hoop to any required pressure, and 
thereby а rolling action. with pressure on the outside points of 
the peripheries of the nut rolls, is substituted instead of a 
rubbing one on their axis, as seen applied to the necks of the 
nuts in Figs. 1 and 2. 

The frictional screw barrel R R, Figs. 4 and 5, is shown broken 
off short, and portion of the hoop S is also broken off, to show 
the arrangement for keeping the nut rolls in their oblique 
positions. 

The uut rolls, T, U, and V, have their diameters enlarged at 
each end, and portions of the enlarged parts turned slightly 
conical on the inside edge, seen in section in Fig. 4, by the 
enlarged part of the roller U. The lower enlarged piece /, of the 
roller U, is moveable on end, and is drawn on upon the internal 
inclined edges m and n, of the barrel S, so as to tighten itself iu 
between the screw barrel В, and the internal surface of the barrel 
S. By thus tightening up the one roller С, it also tightens up 
the other two rollers T and V, giving any required amouut of 
bit тат causing other than a rolling friction, which is very 
slight. 

To keep the rolls in the required angular position, a guide 
piece, W, W, W, with the notches O, P, and Q, in the upper 
flanged part for guiding the necks of the rolls, seen in Fig. 5, and 
iu section in Fig. 4, at j, r, and ғ. Corresponding notches are cut 
out for the necks at each eud of the roll, and placed obliquely to 


. each other, to give them severally а corresponding augular 


position. The neck ¢, has upon it a tubular gland-piece, which 
communicates the pressure of the screw nut to the enlarged 
moveable part of the roller L. 
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On the hoop S being made fast, and the screw barrel R made 
to revolve, the guide- pieces W, as described, move round with 
the rolls at a reduced motion, and as it is out of contact with both 
the screw barrel R, and the pressure hoop S, it moves round 
freely, as all the pressure exerted on the bearings formed in it 
for the roll necks is only such as is caused by its own weight, its 
action being simply to preserve the rolls in their due position. 

Nuts of this description can be constructed to give great force 
and with sufficient breadth of acting surface to have little 
tendency to wear, and ready means of tightening should it occur. 
There being no slack in the nut, such as must necessarily be the 
case іп the common screw, and the barrel being capable of being 
made quite rigid, this form of nut is likely, iu the opinion of 
the writer, to become serviceable for certain forms of planing 
machines and tools, the screw barrel being made to serve the 
double purpose of traverse motion and slide table fur supporting 
the tools or body to be planed. 

Fig. 6 is a side elevation, and Fig. 7 а plan of а set of rolls for 
atraightening round bars, tubes, and similar articles, in which a 
frictional screwing motion is employed, and is an example of the 
use of this principle in positions to which common screws do not 
apply : the rolls here and machine geherally, representing the nut, 
and the bar the screw, the nut being tlie straightening rolls, aud 
ita function as a screw nut a secondary matter, the bars or tubes 
to be straightened—something not belonging to the machine at 
all; and this double purpose or nature, after a slight study, will 
be found quite characteristic of this principle of mechanical 
action. 

The first set of these rolls of a large size was constructed for 
the Barrowfield Works, of Messrs. Қ. Laidlaw & Son; and after- 
wards a large set for the Glasgow Iron Соз Works at Motherwell, 
which is adapted to straighten round bars in a cold state up to 
6% inches diameter, and which have now been several years in 
operation. There are other two sets in the neighbourhood of 
Glasgow nsed for straightening lap welded tubes of from 14 inch 
up to 8 inches diameter. Those at the Works of Messrs. A. & J. 
_ Stewart, of St. Enoch-lane and Coatbridge, being Ше first used for 
this purpose, and subsequently а larger set by Меззга. Eadie 
aud Spencer, of London-street. Other sets for England and 
abroad, made for similar purposes, and of late somewhat more іп 
demand. 

Referring to Figs. 6 and 7, the rolls A and B are provided 
with necks aud coupling bosses, and are supported in the cheeks 
С and D, which are firmly bolted to the sole plate Е. The cheek 
С has the ueck bearings а and 5, in which the necks of the one 
end of the rolls are placed; and the cheek D has the correspon- 
ding bearings c and d, in which the necks of the other ends of the 
rolls are similarly placed. 

On this end of the rolls, the coupling bosses G aud F, extend- 
ing beyoud the cheek, have angular workiug loose couplings 
placed on them, and the driving shafts coupled with them for 
communicating motion to the rolls. 

The beariugs of the roll necks are placed in the cheeks to give 
the axis of each roll an inclined position, and in opposite direc- 
tions to each other. The bearivgs or steps b and d of the roll А 
are placed iu longitudinal slots in the cheeks, seen in Fig. 7, at e, 
and the bearing steps, b aud d, are formed with sliding guide 
flanges to fit the slots, and are adjusted to any required position 
laterally by the strong set screws, J and К. The wedge-shaped 
transverse adjustable bar or auvil piece М, passes between the 
cheeks in a horizontal direction; its upper edge is steeled, and 
supports the bar or tube upon which the rolls are operatiug, 
keepiug the centre of the bar or tube in line with the cross centre 
line of the two rolls at their mid length, the rolls being, as de- 
scribed, inclined in opposite directions; but the bar they are made 
to operate upon kept level, as seen in Fig. 6. 

The position of the supporting bar N, and the bar placed in 
the rolls, will be seen in Fig. 7, the end of the supporting piece 
being shown at the centre of tbe bar O. This adjustable anvil 
piece or bar is secured iu any position required for the various 
sizes of bars; the smaller sizes requiring the steeled edge of the 
bar near to the roll B, and the larger sizes proportionately 
farther from it. On the screws, J and K, being adjusted to take 
sufficient hold of the bar to be straightened, motion is given to 
the rolls in the direction indicated by the arrows b and m, and 
the bar is made to revolve in the opposite djrection; while it is 
thus made to revolve, the angular position ofythe rolls causes it to 
move or screw оп end in the direction of the arrow р. Ву this 
motion the bar or tube is straightened Pa rolls, every part 
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succeaively. ав it passes through. The moat suitable inclination 
for the rolls for iron bars and tubes is one in fourteen: for softer 
materials, where ze speed might be desirab!e, a greater 
angle could be used. The surfaces of the rolis have to be formed 
slightly hollow in the direction of their length, to form а parallel 
space between them for the bar; and for some purposes can be 


‘bevelled out at the enteriug end with advantage. 


Fig. 8 is an enlarged plan of a pair of rolls furmed for straight- 
ening bars of an elastic nature iu a cold state, in c-nnectiou with 
Figs. 6 and 7. The roll Q, Fig. 8, is formed with its surface 
hollow, in the direction of its length, and the roll R, opposite it 
made correspondiugly rounded, so as to make the channel formed 
between them of equal width, and curved when apart, and to fit 
each other when in contact. By passing а bar through rollsthus 
formed, it is subjected to continuous bending, and at every point 
throughont its length, so that elastic bars of iron, steel, or any 
other substauce possessing elasticity, can be bent to the limita of 
the curve from which it recoils, and thereby, when a crooked or 
bent rod is passed through them, the parts that are high before 
entering the rolls are bent beyond the distance from which they 
recoil, and consequently they will pass from the rolls straight. 
Any bar possessing a moderate degree of elasticity can be 
straightened cold iu this way, and without requiring much 
power, as the surface of the rolls can have a greater curve given 
to them than is necessary, so that the bar does not require to be 
pressed hard between the opposite points of the rolls. Referring 
to Fig. 8, in which this action is illustrated, the bar S, is shown 
in contact with the roll Q, at the points r and s, and in contact 
with the roll R, at the point £, whilst it is correspondingly ont 
of contact at the points & and ©, in the roll В, and out of contact 
in the centre of the roll Q, at the point or position x. The 
position of the rolls being as shown, and their motions ав 
indicated by the arrows y and z, the bar moves forward in the 
curved position in the direction of the arrow g. 

In bar-rolling mills the bars are usually put through the rolls 
from the forge rolls while slightly hot, but no heating is required; 
and in millwright's shops they are atraightened in a cold state, 
aud are delivered from the rolls entirely straight. In tube 
works these rolls impart a fine finish to the tubes, the tubes 
being passed through the machine somewhat quickly, and hot 
from the finishing rolls; sandstone being made to act on the tube 
as it revolves, the rounding, straightening, and finishing being 
all done at the same time. The tubes or bars are passed through 
continuously, one tube followiug closely after the other, по 
adjustment of the machine being necessary for a fresh tube, once 
it ia adjusted to а particular size. 

These rolls can be variously shaped and applied to the 
purposes of forging and shaping iron. Pieces of soft metal may 
be drawn out with them in part, and their action either re- 
versed or discontinued by beiug suddenly removed from each 
other. In this way they can be used for raising bosses on shafts, 
bolts, and similar articles, although this as yet has not been tried. 

Fig. 9 is a side elevation, and Fig. 10 a plan of a frictional 
screw, in which a “speed ring” acts as the frictional nnt. It 
affords a very direct means of transmitting the screw motion to 
the barrel, and bears a close resemblance to the common grooved 
nut, It has however, besides the properties of reversing and 
varying the thread, the property of transmitting rotary motion, 
which із not possessed by the common screw nut, nor by the 
frictional nnt described in connection with Figs. 4and 5. From 
its simplicity and quick action, this motion is peculiarly well 
suited for light boring, aud boring substances like wood, as hy 
it the drill can be made to advance to, and recede from, the 
object to be bored rapidly, and at the same time affords a yielding 
pressure to the.drill, which can be intensified or reduced at 
pleasure, by the same handle that regulates and reverses the 
screwing action. Тһе screw barrel А, Figs. 9 and 10, is similar 
to that described in conuection with Figs. 1, 2, and 3, and placed 
in the bearing pedestals, В and C. The internal diameter of the 
hoop D is larger than that of the screw barrel A, to give it the 
facility of twisting round in an angular position to the barrel to 
produce screwing action. It is lined internally with leather, and 
formed with flanges to keep its driving-belt in position. The 
driving-belt E is placed upon the ring D, and disposed vertically; 
the belt being applied over an overhead driviug-pulley : the 
taut of the driving belt E, keeping the internal surface of the 
driving ring D, iu effective driviug contract with the surface of 
the screw barrel A. The belt flanges of the speed ring D, are 
bevelled on their outer edg:s, and а pulley Е, having correspond- 
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ing flanges bevelled from the inside, acts on the bevelled edges of 
the ring in the manner of a wedge and groove pair of frictional 
wheels. The pulley Е, is supported in beariugs formed iu the 
swivelling fork С, which is placed upon a stud pin H, similar 
to that described in connection with Figs. 1,2,and3. A handle 
I, is fixed on the fork, by means of which the fork G, and with 
it the pulley Е, and speed ring D, are moved round to апу 
screwing angle that may be required. 

Motion being given by the belt to the speed ring D, in the 
direction of the arrow a, and the ring set at an angle as showu 
іп the direction of the handle Г, the barrel A, will screw оп end 
in the direction of the arrow с. Ou the handle I, beiug tarned 
to the position shown at o, the apeed ring will be placed ina 
parallel position to the barrel, and the barrel will rotate without 
motion on end. On the handle I, being placed as shown at the 
dotted lines P, and the speed ring placed in а reverse angular 
position, the screw will move on end in the direction of the 
arrow в. By placiug two guide pulleys on the speed ring in the 
screw pitchfork, steadiness is given to the riug when the barrel 
works in a vertical position; and the guide pulleys can be placed 
at the two sides, instead of under the ring as shown. 

There are several frictional screw motions analogous to the 
common worm wheel aud worm screw, aud which, in general 
sparan and arrangement, have little resemblance to each 
other. 


In answer to questious relating to the action of the arrangement 
shown by Figs. 9 and 10, Mr. Ковевтвон said that the speed 
ring D, was loose, aud held by its driviug belt in position. The 
driving frictioual coutact of the ring ou the barrel was produced 
by the faut of the belt, and the driving action thus obtained was 
ая great as if the pulley were passed over the barrel itself. Its 
motion on end was reversed by the handle being turned to an 
opposite angle, as indicated on the drawing. The power or 
driving action obtainable was more a question of power to hold 
the surfaces together than one of extent of surface. The screwing 
speed was regulated by the angle at which the speed ring was 
held. Any piteh of screw was readily obtained from an infini- 
tesimally amall piteh up to about one of one inch pitch. 

Mr. D. Mong had seen this motion of the speed ring working. 
The only thing in this application of it he would regard as 
objectionahle was the angle at which it required to be held to 
produce the screwing action. 

Mr. Вовентвом said, that in order to illustrate the action, the 
drawing showed far more angle on the ring than was required in 

practice. If the ring was twisted one-sixteenth of an inch, it 
produced a screwing speed of about three-sixteentlis of an inch 
every revolutiou. The motion on eud could be nicely regulated. 

Mr. James В. Napier asked an explanation of how the end 
pressure on the axes of the friction rollers, due to the forward 
motion of the cutters, was disposed of, as shown in Figs. 4 and 57 

Ме. ROBERTSON replied—that the contact pressure іп this form 
of screw motion as explained, was obtained between the 
periphery of the screw barrel on the inside, aud by tlie iuternal 
surface of the surroundiug hoop on the outaide, at the opposite 
ри of their peripheries, во tliat there was no pressure on their 

arings, and no friction except what was necessary to keep them 
іш their angular positions. There was end pressure on the nut, 
but the fri:tion was amall, as it was borne by the conical ends of 
the rolls at both ends of the nut. 

Mr. Јав. В. Narr asked whether the principle, as illustrated 
by Figs. 4 and 5, had been applied to cut screws. The machine 
for boring, especially its application to timber, was very inge- 
nious and simple; but he thought that it would be difficult to 
make use of it in cutting serews of the same thread over and 
over again. 

Mr. Ковентвом said that, in the form of screw illustrated by 
rm 4 and 5, the thread would be obtained over and over again, 
At least pretty nearly alike in pitch, and would be uniform. He 
would expect, however, that none of these motions could be 
depended upon to give the same pitch of thread over and over 
again with the exactitude of the common screw, which could only 
give one thread. 

Mr. Gave said that it was alleged that, by giving to. the screw 
motions a very high speed, or over great pitch, the rolls would 
slide, and still present the same pressure on end. For purposes 
such as boring iron, he thought this action, should it occur, 
would not be objectionable, 

Mr. Ковкктвон said that the intensity of the force exerted on 
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end would be great or small in proportion to the pressure given 
to hold the surfaces of the rolls in contact, and which was easily 
regulated. In boring, suppose the pressure given was just 
enough for the tool to withstand, the action would be as de- 
scribed by Mr. Gale. In one instance, at the Glasgow Iron 
Works, he had seen the passage of the bar being straightened 
accidentally obstructed by another bar being left lying in its way, 
aud indications were given of enormous power. He should say 
that in straightening round bars of 6$ inches diameter, the force 
on end wonld range from 10 to 20 tous. 

Mr. W. Smrru said that it was well known that some of the 
English makers of bars made them straight and ready for use. 
If the Scotch makers could make them straight it would save 
£1 per ton. 

Mr. FavLps said that they were now obtained from the 
Glasgow iron Company straightened. 

Mr. M’Donatp said that he had used the bars from the 
Glasgow Iron Co., and found them quite straight. 


————.,—— — —- 


MATERIALS MOST APPROPRIATE FOR LONDON 
EXTERIORS. 
By J. Dovarass Maruews, А.В.Т.В.А. 
( Continued from page 5.) 


À great disadvautage in the use of iron externally, ia that it 
must be frequeutly painted, as without this means of preservation 
it will soon corrode, by the action of the atmosphere. 

One ovher substance requires notice before dismissing the 
subject of constructive materials. Wood was at one time used 
wholly in London buildings, now it is almost wholly abandoued 
in external construction. The Building Act contains no clause 
forbidding its use in bressummers, story posts, and shop fronts 
nor indeed, iu any way, provided it is set back 44 inches from 
the external face of the wall. It is now an acknowledged fact 
that, in case of fire, wood із a safer and stronger material than 
iron, and its resistance to the weather, so long as it is preserved 
by paint or otherwise, requires no argument. It readily admits 
of carving aud other ornament, and bears a treatment peculiar to 
itself, which gives at once a domesticity which cannot probably 
be equalled by any other material. Frequently the judicious 
desigu of a shop-front aud the windows of the upper stories, will 
give great character to an otherwise plain builling. It can be 
employed with the greatest ease and readiness, but the chief dis- 
advantage is the cost of triennial painting. 

Having now considered some of the principal materials 
adapted for the construction of buildings, it is proposed in the 
second place to bring under notice those applicable for external 
decoration. And although, as a rule, the use of superficial 
ornameut canuot be advocated, there are cases (and those not of 
unfrequent occurrence) when it becomes an absolute necessity; 
whether it shall assume the appearance of some other material, 
and thereby prove а sham, or whether it shall have a treatment 
peculiarly its own, is a question for the architect to determine; 
but there aeems no reason that, by its judicious use, it may not 
bear the stamp of truthfulness. 

In no material is the want of a distinctive treatment more felt 
than in Cement. No other has been more abused, and no other 
has been applied to such base purposes. When it is used as a 
coating to cover a multitude ot imperfections in bad building, or 
so applied ornameutally as to lead people into the belief of 
being another material, no words can be strong enough to 
coudemn its use. Iu Loudon there are many kinds and qualities 
of cements manufactured, but that known as Portland has the 
character for standing the best, and certainly has the best colour. 
Тһе chief requirements іп its manufacture are, that the in- 
gredieuts are well and properly mixed, thoroughly burned, and 
Care is required in working that it sets 
properly, aud that one coat is sufficiently hard to receive the 
next, aud that no frost attacks it while in progress, or before it 
is thoroughly set. lt requires painting occasionally, or otherwise 
preserving, as without this the weather penetrates the outer 
coating, and destroys Ив affinity for the one below, and con- 
sequently soon peels off. Some of the legitimate uses for cement 
appear to be, margins for ceramic panels, mosaics, &c., and 
panels and flat surfaces generally. Incised ornament seems 
most applicable, and the introduction of a coloured cement 
ornament, in a Portland cement ground, would be effective, if 
some preservative process could ensure discolouration, patents 
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for which have been obtained, but are not in general use. Ав a 
rule, applied ornament in cement should be rejected, as much of 
that now in existence will sooner or later lose its key, and fall by 
its own weight. A painful instance of this occurred recently in 
the Strand. 

Scagliola has of late been much used in interior decoration, 
and although the imitation of marbles cannot be recommended, 
yet the same materials are applicable to ornamentation of 
another description, and there seems no reason why the material 
шау not be used externally. The manufacture consists of plaster 
of Paris, or any fine uncoloured cement, free from grit, which, 
when wetted, is carefully worked by a trowel or smooth stone or 
slate; the colour, consisting of acid, is then introduced, which eats 
itself entirely into the material. It is then rubbed down with 
fine grit stones, and finished by a rubbing with snake-stone, till 
it receives a beautifully even polish. Keene’s cement із said to 
stand the atmosphere by combining copperas in its preparation. 
If so, an artistic and cheap material for decoration may be 
obtained. ` 

High art has not, is not, and it is hoped never will be, 
sufficiently cheap to employ painting as an external decoration. 
The process of water-glass painting may stand the London 
atmosphere, but it is a very great question, especially as во much 
depeuds сп the chemical compositions of the materials employed. 
With so much speculation, there are few men who would go to 
the expense of the trial, and, uvless the paintings were really 
works of art, more harm would be done than good. Тһе general 
narrowness of the streets would also prevent paintings being seen 
to the extent they ought to merit. 

The advantages and disadvantages 
serpentine, and marbles, 
parts of this essay, 
constructive ornament. 

Slate is a material that might be more generally used in a 
decorative manner. For roofing, it will scarcely need notice, for 
although a material in London exteriors, the roof is generally so 
high from the street as not to warrant the bestowment of much 
expense in any novelty in the covering, and few materials are 
better than slate for this purpose. 

Sawn Slate might well be used in panels, cornices, simple 
mouldings, &c. Ita colour is good, and will harmonise well with 
stone and brick. Euamelled slate opens up a wide field for 
design, and is a- material likely to stand the weather. Care, 
however, should be taken that the arrises are protected, to 
prevent chipping. ! 

There аге not wanting indications of a revival of pottery, 
adapted to the purposes of architecture, though whether any of 
our English potters possess the geuius, ог have caught the spirit 
of Lucca della Robbia, and the other great Italian artist potters 
of the middle ages, is unfortunately more than doubtful. For 
this revival the country is much indebted to the untiring 
exertiogs of the late Josiah Wedgwood. Miss Meteyard, in her 
Life of Wedgwood, says, “ һе had one great disappointment in his 
artistic life. He wished to induca the architects of his day, 
amongst thein the brothers Adams and Sir William Chambers, 
to introduce terrs-cotta ornaments and bas-reliefs into fagades, 
and other parts of houses and buildings" At that time the 
effect of the London atmosphere was not во apparent in external 
materials as at present, and therefore the need of terra-cotta and 
other weather-proof materials, as adjuncts to design, was not so 
much felt as now, А 

„Тһе decoration of a building with majolica panels, friezes, 
pilasters, &с., and encaustic tiles, is well worthy the attention of 
ап architect, as by their use he may obtain an imperishable 
material. The chief objection however is, that having no other 
fixing than cement, the weather сап easily find its way through 
the Joints, aud in course of time destroy the key. Mr. Digby 
Wyatt, at a recent meeting, suggested the formation of a smail 
eye at the back of the tile ог plate, to receive a hook of wire or 
other material, to be built into the brick work, so that no danger 
might be apprehended in their use for external decoration. If 
used in a panel, an iron, slate, or wood bead, or moulding, might 
be fixed, to form a atop. Machinery has lately been used in the 
production of encaustic tiles, the benefit of which is apparent 
from the fact, that tile& of two colours may be produced at a coat 
of 134. each. Although at present in its infancy, enough has 
been accomplished to show that encaustic tiles may be as cheap 
and plentiful as common bricks, and, on account of the;increasing 


in the use of granite, 
have been eummerated in the former 
and apply equally to superficial as to 
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love of coloar and ornament, will sooner or later take the place 
of cement. The process of manufacture is exceedingly simple, 
and any design that may be desired can be worked out at a very 
small charge. 

Majolica will, however, find the greatest favour as a means of 
external decoration. Being capable of production to any reason- 
able size, it will remedy to a great extent the fault in tiles, viz., 
the frequency of joints. It can be ornamented to any extent, 
from a simple stencil to the most elaborate painting: by Из use, 
grace and beauty can be given to a design at a comparatively 
trifling cost. In its manufacture the prepared clay is moulded 
to the required form, then allowed to dry and harden, and after 
which it is fired in the same way as terra-cotta. The design is 
then painted in colours, which when fired in, produce the colours 
and glaze at one and the same time. 

A process has lately been patented, whereby drawings may be 
made in crayon, by artists or amateurs, on porcelain, and after- 
wards burnt in various colours, and glazed. 

There is still a want of a cheap ceramic material somewhat 
proportioned to the cost of common plates and dishes. The chief 
expense is the drawing. In the last-named articles the pattern 
is printed and transferred to the biscuit. If instead of printing 
the design to be produced could be drawn or traced in some 
fatty substance, which would adhere to the biscuit, а great end 
would be gained. A common stoneware monlding has been need 
in several stations of the London, Chatham, and Dover Railway, 
but the colour is so ugly that its use cannot be advocated ; at the 
same time, it has shown that à common glazed material may be 
produced. 

The potter's art seems to have now been brought into 
such general use, that most of the manufacturers have their 
hands full of their own particular deseription of work, and 
consequently uuable to devote much time or labour to the 
development of original suggestions. This is to be regretted, as 
a wide field, especially in conuection with architecture, is opeu to 
any one practically acquainted with the art, and with somewhat 
of the undaunted spirit of Josiah Wedgwood. 

The increasing use of Mosaic, as a superficial ornament, 
demands a short notice. Whether it be in tile or glass, it is 
equally durable as a material, and огпашеша! as a decoration; 
but with whatever success it is used as a menns for internal, it 
cannot be recommended for external, decoratiou. It is a question 
also, whether it is desirable to bestow во much minute ornamen- 
tation and expense on an exterior, and which must toa greater 
or less degree give а smallness to the design, rather thau breadth 
and boldness. But apart from the question of taste, the mode of 
fixing will prove a great drawback to Ив extensive use. The 
difficulty complained of in tile fixing applies in much greater 
extent to mosaic, owing to the large number of tessere used. 

Lead might occasionally be ndvantageously employed ornamen- 
tally, being a very accommodating substance, as for instance in 
cast or stamped enrichments, applied to either wood or stone, the 
lead cisterns and other works of our forefathers a century ago 
proving its ability to stand the London atmosphere. No other 
material can equal it as a covering for flats, gutters, &c. 

Zinc, also, may be very serviceable where stamped decoration 
is required. It can be minutely cut, is very light, and conse- 
qneutly easily fixed, and, if good, will stand the weather. It forme 
a good roofing material if properly laid, and under certain con- 
ditions. 

Glass is а material which enters largely into every design for 
a London building, often to so great аз extent as to cause much 
regret to the architect. Clients frequently make a great mistake 
in iusisting on so much glass in their designs. Less wonld in 
many cases meet all the requirements for light, and make the 
rooms more private aud comfortable in summer and winter; but 
(as before observed with iron) it is a necessity, therefore 
the architect should use every means to: make it accord with the 
other portions of his design. It frequentiy happens, especially in 
shop fronts, that the tradesman is desirous of haviug as imposing 
а shop as possible, ^ goes in" largely for plate glass, but the very 
thing that he desires tlie most becomes his greatest trouble. Few 
men have goods sufficiently large to fill a window with high 
plates of glass, the greater part of the goods being exhihited as 
near the eye ав possible, while the upper part is left almost bare. 
A means of gettiug over this difficulty may be, to engrave, or 
emboss, the upper portion of the glass, by which means, an 
opportunity is afforded to obtain a more solid and united 
appearance to the general design. Inerusted glass might be used 
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with mach effect, whereby ornament or letters are drawn upon a 
piece of glass wth a vitrified black paint, and burnt in; the 
inseribed glass is introduced at nearly а red heat into a glass 
pocket, the air is then exhausted, and the opening closed up A 
similar process will preserve porcelain or other cameos, which 
with great care might be introduced in portions of buildings. 
Being eolid they would not easily break, and would have the 
additional advantage of boing thoroughly imperishable. 

The advantages and capabilities of paint are too well known to 
need comment, but it is somewhat strange that so little poly- 
chromy and artistic feeling is nsed externally, while it is now so 
generally used internally. 

Having considered London exteriora, and some of the materials 
best adapted for them, a few suggestive hints on their design may 
not be out of place. 

It must ever be remembered that beauty will never be wholly 
obtained by the use of certain materials. The design itself must 
be pure—and proportionate, while the materials used are of the 
greatest importance to the appearance of a building. They must 
never be alluwed to take the place of form and proportion in 
design. A buildiag, to be satisfactory, should always look well 
in a drawing without the colours of the materials being shown, 
аз architecture should never be dependent on colour, but rather 
that, aa an accessory, it should serve to heighten and enrich it. 
Colour must enter to a ter or less degree in all designs, and 
it is fervently to be hoped that it may be more used than it has 
been hitherto, but great care is needed that it may not become a 
snare. База must be carefully studied, so that a building 
may form a whole, and not а number of bits, This is especially 
applicable when tiles or шоваіса are used. Where non-absorbent 
materials are used, the whole fagade should be carried out with 
them, otherwise the soot and smoke will discolour the porous 
materials, while the others will retain their colour, and stand out 
with a glare, thus destroying all harmony of parts. 

Every building should be designed with especial reference to 
its situation; as, for instance, large and heavy projections, pro- 
ducing light and shade, will be entirely out of place and useless 
in a building with a northern aspect. Cornices are great tempta- 
tions, bat generally, on account of the narrowness of the streets, 
and the limited space for light, they should be avoided, and the 
building, as a rule, being high, the upper part is scarcely visible 
to an ordinary passenger. The want of them із frequently more felt 
in adrawing than in reality. All materials should beused truthfully; 
if part of the construction, they should so appear: if decorative, 
they should be so apparent as not to be mistaken fur a part of the 
structure. ad 

Utility must be the motto of a London architect. This will 
be pressed upon him by all his clienta. Every building should 
therefore be fitted for its intended uses. Precedent should never 
во far trammel him аз to affect a client’a interest, and, besides, а 
great field is open to all architects of the present day, to give to 
town buildings a distinctive character, and which can only be 
doue by much careful study, both in design and materials to be 
employed. Werethesepoints moreattended to, we should have little 
need for a “nineteenth century style,” as the variety of require- 
m ents would give ample opportunity for variety aud development 
of design. 

Ia these days of cheap travelling, much information may be 
gained by observation of buildings in other places, as there are 
few ways in which provincialism is more apparent than in build- 
ing materials, and their mode of setting. 

conclusion.—In the foregoing essay, it is not pretended that 
the whole of the materials adapted to London exteriors have 
been noticed. Indeed, there are many materials and processes 
scarcely known beyond the Patent Office; and it is much to be 
regretted that there does not exist in London an exhibition of 
materials and inventions adapted to building. Those of the 
Architectural Galleries, and the South Kensington Museum, 
supply the want to some extent; but until the whole is hrought 
together—in a building where the architect may judge for himself 
of the quality and expense of the materials, and compare them 
one with the other, prejudice in favonr of the old-fashioned 
materials wil continue. And further, manufacturers would 
generally find it to their interest to put architecta in possession 
of their prices, as many are deterred from specifying articles not 
generally in use, for fear of the cost being excessive. 

Althongh not possessing the richer materials abounding in 
other countries, there аге few that offer to the architect во great 
a variety of building materials as our own highly-favoured land. 
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From such he can make his own selection, and, in во doing, 
should give the preference to those which will effectually resist 
the London atmosphere, во that his buildings may retain their 
character and colour long after they have passed out of his hands, 
and the builder and architect have passed away. 

In the course of the paper, Mr. Mathews alluded to specimens of 
Mansfield Stone, exhibited by Mr. Lindley; Little Casterton Stone, 
by Mr. Simpson; Patent Concrete Stone, by Mr. Ransome; Patent 
Compressed Bricks, by Messrs. Bodmer; Glazed Bricks aud 
Tiles, by the Architectural Pottery Company; Bricks, Tiles, and 
other Terra-cotta articles, by Mr. Blashfield, of Stamford; and 
Machine-made Encaustic Tiles, String-courses, and Majolica 
Ware, by Messrs. Scrivener, of Hanley, Staffordshire. 


Mr. Вглзипл, in moving a vote of thanks to Mr. Mathews 
for his paper, observed that any material which required paint- 
ing, could not be considered satisfactory for the purposes con- 
templated in the essay just read. Highly polished materials 
were only desirable in special situations; for general purposes, 
smooth and hard materials, somewhat of the character of rubbed 
Portland stone, were required, as they could undergo washing, a 
process it would be, in towns, highly desirable to apply to our 
statues, as well as our buildings. Such stone was in ornamental 
work to be preferred to brick. Large sums were often lavished 
upon polychromatic designs in cut and rubbed work, which in 
London did not become mellowed, but actually obscured, and 
could ouly be considered as temporarily ornamental. 


Mr. Lemon seconded the vote of thanks. With regard to 
terra-cotta, he had found the great defect to be the twisting 
in the burning, which altogether spoile the straight lines of the 
design. Не observed that price was ап important consideration: 
some manufacturers offered to supply terra-cotta at one-third the 
price of stone, but the quantity and amount of repetition affect 
the price materially, as the chief expense in the manufacture is 
the moulding. Не suggested that the new Metropolitan Fire 
Brigade might be employed in washing the public buildings, and 
that St. Paul's would be a good one on which to commence opera- 
tions. 


. In answer to a question, Mr. Marnukws said that Minton 
made bricks or tiles which would work to a less thickness than 
three inches, but they were all glazed. 


Mr. J. К. Сомаме (visitor), on being called on from the chair, 
said he had great pleasure in seeing the tiles and majolica 
exhibited by Mr. Scrivener, which had been manufactured by 
machinery. Тһе great drawback to the use of terra-cotta arose 
from the effects of the burning. In manufacturing tiles for wall 
decoration, some more eflective manner of forming a key ought 
to be adopted than that now in use. 


Mr. E. J. Tarver had seen some good pargetting at an old 
grange known as Calais Court, near Broadstairs, in which effect 
was obtained by inserting white cement of various patterns in 
the rough cast, which was very dark, thus forming a pleasing 
contrast. This he considered suggestive of a legitimate mode of 
treating cements externally. 


Mr. Бірретт thought tiles might be manufactured in larger, or 
rather, longer pieces, than was now the case, and that they might 
be secured in grooves in the brickwork, or be used to supersede 
the cement reveal to our windows. Some of the rougher kinds of 
mosaic, he thougbt, might be advantageously employed. At 
present it appeared, from his observations, that indurating 
processes, applied to stone, required repetition at intervals, to 
render them in any way useful. 


Mr. Fiorence defended to some extent the use of cement 
architecturally treated, as good Portland cement was more 
durable than many stones. He considered effect might be 
ohtained from a simple manner of painting our buildings, with- 
out having recourse to the higher branches of the art, and desired 
members to study the perfecting of old materials, rather than the 
introduction of new ones. 


The Paesipent (Мг. R. W. Epig, in putting the vote of 
thanks, expressed his opinion that the essay contained many 
valuable suggestions; but although freedom of opinion must 
be allowed, he considered it necessary to protest against the 
manner іп which many materials, and eminently cements, were 
used, so as to amount to a practical lie, That which glosses over 
any monstrosity, such as bad brickwork, is bad in the extreme, 
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АП cast ornament must, from its nature, be without that feelin 
which gives the value to true ornament; and terra-cotta, he h 
found, from painful experience, had the further defect of so 
жарк during the baking, as to render its use very unsatis- 
etory, 
The vote of thanks was unaminously passed, and Mr. Mathews 
replied. 


AUTOMATIC TELEGRAPHY.* 
By ALEXANDER Baix. 
Introductory Remarks. 


ErrcrRiciTY is, unquestionably, the most extraordinary law or 
force of nature. It exhibits its presence everywhere and in 
everything by the effecta it produces; we see the effects in the 
air, the sea, and ia the more solid materials of the earth; and, 
although we cannot see the force itself, we weigh it as it were in 
the balance. We can produce its effecta by simple friction or by 
change of temperature, by chemical action, or by the motion of 
magnetic bodies. We can produce artificial currents for short or 
long periode perhaps for any duration of time; already they 
have been in constant and uniform action for upwards of twenty 
years, and have performed well the duty assigned to them. 

It would, however, be uuwise in us to imagine that all the 
effects of this most subtle force have been discovered; it is more 
probable that it silently produces in nature many effects which 
are not observable. by our senses, or at least have not yet been 
discovered. But,be that as it may, the effecta which we have 
already become acquainted with have led to many important 
results, and are still leading onward to greater acbievementa; 
and of all the purposes to which this force have been applied 
the telegraph seema to be the most wonderful. It is now capable 
of conveying our thoughts hundreda of miles far faster than we 
сап think them, and many times faster than we can write them. 
In doing this it will travel overland through conductors aud 
back again by similar paths, or it will travel out by the earth or 
sea and return through other conductors, or it will travel out by 
conductors and return by the earth or sea. It will print our 
thoughts on paper in common type, or it will merely exhibit 
them to the eye. It will write autograph letters hundreds of 
miles away, and it will draw our attention by audible sounds. 
It will tell mariners nt our seaports the exact Greenwich time to 
less than a second by the fulling of a ball, whereby they may 
regulate their chronometers without leaving their ships. By it 
we can regulate all the clocks in a town, or even work them 
thronghout the whole kingdom, or find the longitude of places 
with far greater асспгасу than could ever be done before. By it 
we cau sound the deepest sea, and it will tell the mariner the 
instant the lead touches the bottom. It can work the machinery 
of our lighthouses and produce the light at the same Ише, besides 
many more purposes of utility too numerous to be described here. 

Of all the effects produced by this force, magnetism has 
hitherto been the most а used for telegraphy. This 
seems to have avisen from the fact of its being more easily applied, 
and for some special purposes it is unquestionably the best; for 
instance, for the purpose of working the trafficof railways, where 
but few signals are necessary to be transmitted at one time, or 
between establishments at moderate distances, where but few 
messages are sent and but a few woids in each, there can be 
nothing better used than electro-maguetic instruments, which 
can be in the form of ietter-showing apparatus, so tbat any one 
сап work them without previous teaching. 

But when we come to general telegraphs for public use, which 
are often hundreds of miles in length, and the messages very 
numerous and ofteu very long, the case is far different, nnd is 
presented to us in a very ditferent aspect. Here, for various 
important reasons, which will be presently explained, we find the 
chemical effects of electricity are far better for our purpose than 
the magnetic effects. 


Automatic  Telegraphy. 


Automatic telegraphy consists of methods of transmitting and 
receiving previously-composed messages between distant places 
by means of selfacting machineryiu connection with electric 
circuits, and where properly carried out it is distinguished from 
common telegraphy by the great celerity with which messages 
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can be sent and received, as well as by the great accuracy it 
ensures in the transmission and reception of intelligence. Indeed, 
the advantages it offers has appeared to the writer of this paper 
so vast, that he has devoted to it much thought, time,and labour. 
He was induced to do so from the following reasons, viz., seeing 
that the action of the human hand, however expert, could never 
take a tithe of the advantage of the speed of electricity, and also 
that the use of numerous wires was very objectionable, іп con- 
uence of the increased expense, but far more so from the great 
difficulty of obtaining good insulation among many wires of great 
lengths. At the time he first turned his attention to the subject 
of electric telegraphy, several wires were used for each pair of 
instrumenta, and never less than three; in consequence of which 
he endeavoured to contrive methods for reducing the number of 
wires, and soon succeeded іп Producing instruments capable of 
working on а single circuit, and afterwards succeeded in working 
with a single wire, having discovered that the earth might be 
used with great advantage for one-half of the telegraphic circuit. 
As this property of the earth is unquestionably a most extra- 
ordinary phenomenon, and still remains а paradox even to 
scientific men, and plays now а most important part in telegrapby 
throughout the world, and as the discovery has been inde- 
pendently made by others ая well as the present writer, it will be 
well to give the ideas of scientific men respecting it. For instance 
the writer on mathematical and physical science in the * Ency- 
clopedia Britannica,’ eighth edition, vol. 1, p. 986, observes, 
under the head cf * The Earth Circuit,”—* There is one circum- 
stance connected with the electric telegraph deserving of par- 
ticular notice, I mean the apparently infinite conducting power, 
of the earth when made to act as the vehicle of the return current. 
Setting 21 theory sside, it is an unquestionable fact that if a 
telegraphic communication be made, suppoee from London to 
Brighton, by means of a wire going thither, passing through a 
pO and then retnrning, the force of the current shown 
y the galvanometer at Brightou will be almost exactly doubled; 
if, instead of the return wire, we establish а good communication 
between the end of the conducting wire and the mass of the earth 
at Brighton, the whole resistance of the return wire is at once 
dispensed with. This fact was more than suspected by the 
ingenious M. Steinheil, in 1838, but, from some cause or other, 
it obtained little publicity; nor does the author appear to have 
exerted himself to remove the reasonable prejudice with which 
so singular a paradox was naturally received. A most ingenious 
artist, Mr. Bain, established for himself the principle, and pro- 
claimed its application somewhat later; and in 1843, perhaps the 
first convincing experiments were made by M. Mateucci, at Pisa.” 
хар Lardner observes that, “of all the miracles of science 
surely this is the most marvellous. А stream of electric fluid 
has its source.in the cellars of the Central Electric Telegraph 
Office, Lothbury, London; it flows under the streets of the great 
metropolis, and, passing on wires suspended over a zigzag series 
of rail ways, reaches Edinburgh; where it dips into the earth, and 
diffuses itself upon the buried plate. From that it takes flight 
through the crust of the earth, and finds its owu way back to the 
celiars at Lothbury.” 

Instead of burying plates of metal, it would be sufficient to 
connect the wires at each end with the gas or water-pipea, 
which, being conductors, would equally convey the fluid to the 
earth, and, in this case, every telegraphie despatch which flies 
to Edinburgh along the wires which border the railways, would 
Ву back, rushing to the gas pipes which illuminate Edinburgh, 
from them through the crust of the earth to the -pipes 
which illuminate ао, and from them home to the batteries 
in the cellars at Lothbury. 

Although the automatic system has met with much opposition 
and neglect for a period of nearly twenty years, the writer thinks 
tle time is fast approaching when the increasing requirements of 
the public wlli compel ita general adoption; indeed, this necessity 


-ів partially showu by the number of telegraph inventors who 


have brought forward machines on the same principle during 
late years; but it is more clearly shown by the huge double 
ranges of numerous wires we already see stretched in all direc- 
tions over the country, causing а vast (first) outlay, and а con- 
tinual unnecessary expense to keep in order; but, setting the 
matter of cost nside, let us look at the working effect. It is well 
known that in damp and foggy weather, however well iusulated 
the wires may he, small portions of the electric fluid will escape, 
from wire to wire, at all the points of suspension, and often from 
one to all on the same line of poste, especialy between the 
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longer and shorter wires, causing confusion among the instru- 
menta and this confusion is greatly increased when many 
instruments are working at the same time. 

Again, when storms arise, numerous wires, especially when 
near to each other, present so large and compact a surface to 
the gale, that they are far more liable to be broken down than 
one or two would have been, especially when snow or ice collecta 
троп them. Should this take place to a considerable thickness, 
a heavy gale must exert an enormous force against them, so 
much so, that the post or wires must give way (as lias recently 
happened), very likely both. And when such a disaster takes 

lace, what is the result? Why, it will take as many weeks as 
it would days were there only one ог two wires to repair, causing 
an immense loss to the public, as well as to the companies 
themselves, leaving the great cost of repairs out of the question. 

Yet notwithstanding these well known facts, these double 
ranges of many wires are stretehed within 'a few inches of each 
other for hundreds of miles amidst the humid air of this country. 
Among numerous wires the fluid has thousands of chances 
of escaping from one to all, or any of the others, These chances 
are invariably seized, and hence deranged action of the instru- 
ments, causing mistakes, repetitions, general confusion, and 
consequent delay, and every additional wire put up only adds to 
the difficulty. Іп consequence of the foregoing reasons, the 
chief object of every telegraphic engineer should have been to 
contrive instruments of the test possible celerity, for the 
purpose of doing as much work as possible with a single wire. 
With a view to that end the writer turned his attention to the 
sabject of automatic telegraphy at ап early date, and іп 1843 

tented an automatic copying telegraph. Diagrams of these 
instruments are shown. They consist of two powerful pendulum 
clocks, and two smaller pieces of clock work; these last are moved by 
weights, which consist of metal frames, in each of which is placed 
a plate, М, composed of conducting aud non-conducting materials, 
in the following manner :—A frame is filled with short well-in- 
sulated wires parallel to each other, and then filled in with sealin z- 
wax, во tbat the whole forms a perfectly compact body; the two flat 
surfaces are then ground pertectly smooth, and are permanently 
fixed in the metal frame at the back of the plate, in which may 
be placed either a composed form of printers’ types, or any other 
surface which may be desired to be copied at a distant station, 
and chemically prepared paper at the receiving station. Each 
of the pendulums carries a metallic arm, the points of which act 
as tracers on the surface. Now let us suppose one frame filled 
with a previously composed form of printers’ types, aud the 
other frame with chemically prepared paper. The electric 
current will flow from the positive pole of the battery to the 
type, from thence through the small wire to the tracer, up the 
pendulum to the long telegraph wire, down the pendulum rod of 
the receiving instrument, through the traeer to the short wires, 
and from thence to the chemical paper, forming thereon a series 
of small dots, corresponding with the forms of the types at the 
transmitting station. The magnets to the left of the clock move- 
menta release the small clock-work, so as to allow the frames to 
drop through a small space at every vibration of the pendulums; 
the peudulums regulate each other at each vibration to the left, 

The writer believes that this was the first copying telegraph 
ever contrived, but as the plan required that all the instruments 
should go sinehronously together, or that several wires had to be 
used, either of which he soon saw would produce too many 
diffieulties for practical nse, it was proceeded with no further, 
and is only noticed here to show that the invention of that class 
of scientific toys, called copying telegraphs, is much older than 
many imagine. 

Having by the foregoing efforts gained much experience, 
although he arrived at little satisfactory results in automatic 
telegraphy, he had decided to compose the messages in sume 
simple telegraphic characters by mechanical means; and after 
much labour, and the trial of many methods, he was fortunate 
enough to hit upon the plan of composing the messages by means 
of punching groups of perforations on paper, in such manner 
that each group represented a letter, numeral, or other sign, 
which has turned out to be a most simple and efficient plan. At 
first the punches were operated by hand, without the aid of 
machinery, and the working was consequently rather slow; but 
the writer having subsequeutly contrived machiaery for the 
purpose, they can now be worked with great rapidity. 

Of all the known effecta produced by electricity, the chemical 
has beer found by the writer best suited for automatic telegra- 
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phy, principally because it is quicker in itsaction than any other, 
having nothing of ponderability to move, and consequently no 
inertia to overcome. 

Electro-magnetism, it is true, would answer to some extent, 
but in that case ponderable bodies had to be moved with great 
rapidity by the electro-magnetic force, and on long telegraphic 
lines, the force being small, all the mechanical actions produced 
by it must be of necessity very delicate, and require fine and 
delicate adjustments, which have to be often varied with the 
varying strength of the currents. Besides, delicate mechanical 
actions are always liable to get out of order; so that, after much 
thought, and numerous experiments with the magnetic as well 
ая the chemical effecta of electricity, the writer decided to use 
the latter only for his automatic aystem, as the currents would 
bave nothing to perform but decomposition at the point of the 
chemical pen, the machinery being worked by other power. 

In order to show how the chemical property of the current 
may be made to produce visible marks or signs, let us suppose 
а sheet of paper, wetted with an acidulated solution of ferro- 
prussiate of potash, and laid upon a plate of metal, and let the 
point of а steel or copper style be applied to it во as to press it 
gently against the metallic plate. Let the style be now put in 
metallic connection with the wire which leads to the positive 
pole of a voltaic battery, aud let the metallic plate upon which 
the paper is laid be put in connection with the wire which leads 
to the negative pole. The current will, therefore, flow from the 
style through the moistened paper to the metallic plate, and it 
will make a blue or brown spot thereon according as the style is 
of iron or copper. 

If the paper be moved under the style while the current lows, 
а continuous line will be traced upon the paper. If while the 
paper is thus moved the current is permitted to flow only durip 
intervals of long or short duration, the paper will be mark 
with lines long or short, according to the intervals during which 
the current flows; there being no mark made during the suspen- 
sion of the current. The long or short lines thus traced upon 
the paper will be separated one from another by spaces more or 
leas wide, according to the lengths of the intervals of suspension 
of the currents. It is evident that the same effects will be 
produced, whether the style be at rest and the paper moved 
under it, or the paper be at rest and the style moved over it. 
The paper may be moved under the style by various mechanical 
expedients. It may be in the form of a ribbon coiled upou a 
roller, and drawn under the style, which was one of the writer’s 
first plans; or it may be in the form of a common square sheet 
and wound upon n cylinder, to which could be given a revolving 
motion, and at the same time receive a slow motion in the 
direction of its axis, во that the course of the style upon it 
would be that of the thread of a screw or helix; this was one 
of the plans the writer adopted in his early experiments, but the 
plan he has found most convenient in practice is to cut the paper 
into the form of circular discs, about 18 or 20 inches diameter, 
and after being chemically prepared, any required number are 
laid upon a metallic disc of equal size. To this disc is given a 
motion of revolution round Из centre, in its own plane, by clock- 
work, or any other convevient power, while the style receives a 
slow motion directed from the centre of the disc towards its 
edge. In this case the style traces a spiral curve upon the paper, 
winding round it continually, and at the same time retiring 
constuntly but slowly from its ceutre towards its edge. 


Punching Machine. 

Fig. 1 represents a plan of so much of the punching machine 
as will explaiu the principle of its action. A is a roll of ribbon 
paper; B and C are two revolving discs for the purpose of draw- 
ing forward the paper from off the reel; D represents the punch; 
Е а fiuger key, with its axis at Е; Н is a pulley, which receives 
rapid motion from a wheel driven by the foot, similar to that of 
a sewing machine; I із ап eccentric on the shaft С, which gives 
rapid to-and-fro motion to the rod K, on the rod G; at L there is 
a screw which works iuto and gives motion to a wheel М, which 
is оп the shaft of the disc С. It will be observed that when the 
pulley H receives motion from the band, the eccentric I gives 
rapil to-and-fro motion to К, at the same time the screw at L 
gives a slower щоНоц to the wheel М and the discs С and В, 
which draw forward the paper in front of punch D. Now, if the 
finger key із pressed down at E (shown in elevation by Fig. 2), 
the other end of the key will raise the rod opposite the punch, 
which will be pressed forward rapidly and punch the paper. If 
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the key is pressed but for an instant a short hole will be punched, 
but if kept down for a longer interval a longer hole will be 
punched. In this way groups of short and long holes can be 
punched at pleasure, representing letters, words, aud sentences, 
and thus messages can be composed of any length and with 
considerable celerity. These messages can then be carefull 

compared with the manuscripts from which they were taken, and, 
if needful, corrected before being placed in the transmitting 
machine, so that no mistake should ever be sent along the line. 


Fig. 1. 


Fre, 2. 


Transmitting Apparatus. 


Fig. 3 is an enlarged view of so much of the transmitting appa- 
ratus as will explain the principle ot Из action. N isa portion 
of paper ribbon with groups of perforations, each group being 
supposed to represent a letter of the alphabet; O is a metal bar 
in which are fixed five metal springs in the form of the teeth of 
a comb; Q is a metal roller insulated from O, except at the points 
of the springs P. Now let O and Q be in the telegraph circuit, 
and the paper drawn through, as it may be, with great rapidity, 
when the perforated portions of the paper pass under the springs 
they come into contact with the roller Q, and the current flows 
through the circuit, and when the unperforated portions of the 
paper are under the springs the current is interrupted thereby. 

n this way electric currents can be sent through telegraph cir- 
cuits with extraordinary rapidity and perfect accuracy in their 
duration and grouping. 


Receiving Apparatus. 


The receiving portion of the apparatus is a revolving disc 
carrying chemically-prepared paper, and a metal frame carryin, 
a revolving screwed shaft; on the upper end of this shaft is fix 
a roller, which lies gently on the disc. The screwed shaft carries 
а style-holder. As the disc revolves it gives motion of rotation 
to the roller, and consequently to the screwed shaft, which causes 
the style-holder to recede slowly but constantly from the centre 
to the outer edge of the disc. Now let us suppose the apparatus 
properly arranged in the telegraph circuit, as is well known, the 
currents from the comb and roller at Fig. 3 will pass through the 
style into the chemically-prepared paper at the receiving station, 
and make marks thereon corresponding exactly in their lengths 
ae their groupings with the perforations in the paper shown 
at Fig. 3. 

Having thus described the principal actions of the composing 
machines, and also of the transmitting and receiving apparatus, 
let us now proceed to show how they are combined so as to form 
а complete system. 

The author purposes to have only two wires at most on one 
line of posta, one to be called the up wire and the other the down 
wire, во that messages can be transmitted in both directions at 
the same time. The messages sre transmitted by the apparatus 
through the maiu wire in the manner shown at Fig. 3, but his 
experience has shown him that the best way to receive the 
messages is through branch circuits, во as to keep the main wire 
contacts always complete, except in the process of transmission. 


№ _ | 


Figs. 4, 5, 6, represent three different stations ор а telegraph line- 
A represents a galvanic battery, C the transmitting apparatus, 
and D the receiving portions at each of the stations; the trans- 
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mitting and receiving apparatus, it will be observed, are moved 
by the clock mechanism at C, the instrument (Fig. 6) is shown 
in the act of transmitting. Figs. 4 and б are shown in the posi- 
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tion of receiving. Although only three instruments are shown, 
there may be any desired number on the same line. 

The action is as follows:—The current passes from the battery 
A to the main wire, fiom thence to the spring E, through the 
perforations of the paper to the roller F, then to the frame of the 
clockwork, and from thence to the main wire, but at each of the 
intermediate stations, when they are necessary, a portion will 
раза down through the ends of the branch circuits at С, to the 
frames I, through the styles to the chemical paper, and will 
return by the end H, to the main wire. In this way the currents 
are made to write a copy at every station on the line, but at the 
stations where copies may not be desired, all that the operator 
has to do is to lift up the pen from the paper, and let it stand in 
the position shown at Fig. 6, or he may turn back the peuholder 
frame altogether away from the disc. 

Fig. 7 shows a Method by which a despatch can be transmitted 
frcm a central station, say from London, to any number of tele- 
graph lines simultaneously, so that the despatch may be received 
and written at any number of towns on each line, in the way 
already described. 

This system has been proved electrically, chemically, and 
mechanically, in England, Frauce, and America. It сап transmit 
intelligence from London to the farthest corner of England ог 
Scotland at the rate of, in round numbers, six words per second, 
333 per minate, 20,000 per hour, and with a degree of accuracy 
never before obtained by any other system, and, further, it сап 
automatically transmit despatches of any length from any place, 
say from London to all the principal towns of England simul- 
taneously, at the above-named degree of celerity. 


ee 


THE ARCHITECTURAL ASSOCIATION. 


The regular fortnightly meeting of this Association was held on Jan, 
19th. Mr. Е. W. Epis, President, in the chair. Mr. Vialls, Mr. 
Northcote, and Mr. Б. О. Harris, were elected members of the Associa- 
tion. 

The Нох. Sxo. (Mr. Mathews) read a communication from the 
Dean of Westminster, having reference to the restoration of the 
Cbapter-house, and requesting the support of the Association. 

The PRESIDENT observed that he was glad to learn from the letter that 
a deputation was about to wait upon the Chancellor of the Exchequer in 
order to influence him to provide funds for this restoration. Dr. Stanley 
had proposed in his letter that he (the President) should join the depu- 
‘tation. He could only say that he would have much pleasure in doing 
АП that lay in his power to promote this object. The President then 
proposed the following resolution :—“ That the Association learns with 
much pleasure that the Committee which has been formed with a view to 
the Restoration of the Chapter-house at Westminster, is about to take 
active steps therein ; and begs to express ita most cordial sympathy in the 
work, and promises to use its best efforts іп any way that may be in its 
power for the accomplishment of this great national undertaking.” 

This resolution was passed unanimously. 

The President said that the Association taking, as it did, an interest 
in the welfare of its members, would be glad to learn tho honour which 
bad been conferred upon Mr. James Lemon, in his appointment to the 
surveyorship of Southampton, he having been selected from a list of 
sixty or more competitors. The Association would lose a useful member. 
He (the President) hoped that Mr. Lemon would still continue his con- 
nection with the society. It was his duty also to announce, with great 
regret, the sudden and lamented death of their late Registrar (Mr. 
Moody) He was sure they would all join with him in passing a sincere 
vote of sympathy and condolence with Mrs. Moody, in her sad and 
audden bereavement. In cases of this kind it was well to say as little 
as possible ; but he was sure that all who had met Mr. Moody had ever 
found him attentive, courteous, and willing to render every assistance 
which lay in his power. He (the President) thought that the expression 
of the feeling of the Association ought to go beyond mere words. He did 
not, therefore, think he was exceeding hia duty in proposing that a sub- 
scription be raised as в testimonial of respect for one who had served the 
Association faithfully while living; and be should be happy to receive 
subscriptions from any members who might be willing to assist him in 
this matter. Не then proposed the following resolution :—“ That this 
Association has heard with great regret of the death of their late 
Registrar (Mr. Henry Moody), and begs to express its sincere sympathy 
with and condolence forthe widow and family in their aad and severe 
bereavement.” 

Мг. Матнкив seconded the motion, which was unanimously agreed 


to. 

The СНАТАМАН then called upon Mr. В. Р. Pullan, F.R.1.B.A., to 
read a рарст оп “Christian Architecture in the East," of which the 
following is an abstract 
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CHRISTIAN ARCHITECTURE IN THE EAST. 


" Wauen we speak of Christian Architecture, we are generally 
understood to mean either some of the Gothic styles, or at the 
utmost some of the various forms which the Romanesque 
assumed during its gradual development зрее Ode to the 
ninth century, such as the Lombard, Teutonic, or Norman. But 
this ія at the least а very narrow and limited sense, for it 
amounts to the ignoring of all that was done by Christians 
before that period; men shut their eyes to the fact that in the East 
there were architects and church-builders uone the less expert, 
and perhaps more original than those in the West; for they 
invented a style of greater grandeur in its masses, and more mag- 
nificent in its decorations (when properly carried out), than any 
style that prevailed elsewhere. I mean the Byzantine ; and 
I speak deliberately when I say that the interior of St. Sophia’s 
at Constantinople,—the building in which Byzantine architceture 
sprung into perfection from the brain of its inventor, Anthe- 
mius—like Pallas from the head of Jove, garnished at all 
points,—presents the finest interior in the world. In the first 
place, it has that great element of architectural grandeur, 
massiveness, in its enormous piers and vast arches, from which 
spring the pendentives of the flat dome, which, by the way, is far 
more imposing than a lofty one like St. Paul's or St. Peter's, for 
the dignity of these can only be fully appreciated when you are 
immediately beneath them, and looking upwards. It possesses 
appropriate decorated construction in Ив columns of every kind 
of rich marble, its carved capitals, rich inlaid spandrils, and in 
its mosaic decorations, which are now unfortunately only visible 
in the soffits of the nrches, аз those of the dome and apse have 
been whitewashed by the Turks. АП this is perceptible at a 
glance, all taken in in one view, hence the sublimity of a 
coup Фей which виграявев in effect the interior of Milau 
Cathedral, which is perhaps, independently of detail, the 
finest interior of the West. 

The style of which this fine building is really the prototype 
we have been content to overlook, as well as all the various rami- 
fications which spring from it, and which really present almost 
as many varieties as our Gothic. I propose to introduce it to 
your notice this evening for the purpose of sbowing its claims 
to be studied, and of vindicating its position amongst its sister 
styles, as being equally with them worthy the attention of the 
architect. 

The lecturer said that he should be inclined to divide the 
epoch of Byzantine art into four periods. Assuming the reign 
of Justinian, from А.р. 327 to 356, to be the pure period—equi- 
valent to the thirteenth century to Gothie--he should consider 
the buildings erected between the time of the foundation of 
Byzantium aud the time of Justinian, as belonging to the first 
period; those erected by Justinian to be of thesecond; from the end 
of his reign to the year 1000, to be the third period; and from 
that time to the fall of Constantinople, the fourth. In addition 
to these general divisions, there were those of geographical aud 
local character, such as those of the Armenian, Georgian, and 
Servian styles Hence the field offered for archeological research 
in the East was as wide as that in the West, and it also had the 
advantage of being comparatively untrodden ground. 

He then traced the rise and progress of Christian architecture 
from the earliest period, remarking that until the time of Jus- 
tinian, churches were built on no fixed plan, some were round, in 
imitation of the Pantheon, such as the Anastasis at Jerusalem, 
and the church of St. George at Salonica; some octagonal, such 
as that at Antioch; others were dromic, such as Constantantine's 
church at Jerusalem, aud some of the fourteen built by him at 
Byzantium; some had transepts, like that at Bethlehem. But in 
the time of Justinian, Anthemius determined the future form of 
the Byzantine church—a Greek cross inscribed in а square—this 
form being а natural consequence of the vast central dome. 
Anthemius was a man of genius, and the inventor of pure Byzan- 
tine architecture, he altered the proportions of the Classical 
column used hitherto, to suit the purposes for which it was 
now required, 

After describing the churches erected at Thessalonica and else- 
where during the time of Justinian, the lecturer remarked that, 
while Byzantine architecture was thus making that slow pro- 
gress in the West of the Byzantine empire, it was advancing 
by gigantic strides in the East. There the builders were not 
fettered by precedent, cousequently their architecture had a 
freshness and novelty unequalled, and we are only beginning to 
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learn what this architecture was. Travellers unlearned іп 
archeology told us that in the country round Aleppo and Antioch 
there were numerous rained cities, but they were unable to ascer- 
tain their dates or styles, and it has been reserved for that enter- 
prising traveller, the Count de Vogue, to astonish the architectural 
world with a complete revelation in the history of Byzantine art. 
He is at present publishing a magnificent work, full of engrav- 
ings of the buildings he discovered in the central district of 
Syria, and in the Hauran beyond the Jordan, and we find in it 
representations of buildings which perfectly astonish us. There 
are entire cities full of houses and churches built in what is to us 
an entirely new style—a development of the Byzantine, which 
want only roofs to make them perfect: there are churches of 
every variety of plan, and with characteristics of all periods, from 
the third to the sixth century, some dromic, others octagonal, 
some that have had wooden roofs, others that have stone roofs, 
many of them with semi classical mouldings, others with mould- 
ings closely resembling our Norman, of all dimensions, from the 
little village church to the immense cathedral. Those in the 
Hauran have stone ceilings, while those in northern Syria have 
had wooden roofs; some have apses, others have not. 

Amongst the host of remarkable churches, one may be specially 
mentioned for its size and magnificence. It is in reality four 
churches in one, as it consists of four naves, with aisles adjoining 
them, standing at right angles to one another, so as to leave at 
their intersection an open court, octagonal in plan, in the centre 
of which is а socket where formerlv was the pedestal of the 
column upon which stood that remarkable pillar-saint, St. Simon 
Stylites, in honour of whom this group of buildings was erected. 
Many of these chnrches want but their roofs to restore them. 
These edifices are confined to two districts in Syria, one the 
Hauran, east of Damascus, and the other that around Aleppo; 
аз both these districts are unvisited by the ordinary traveller, 
these archæological treasures have remained unknown for cen- 

uries. 

Dismissing for a time the subject of Byzantine art, which 
necessarily had the chief claim for consideration, Mr. Pullan 
proceeded to mention the works of the Crusaders existing at 
Jerusalem and other places in Syria, remarking that the charac- 
ter of their architecture was almost exclusively French, and of 
good style, especially that of the south façade of the church of the 

oly Sepulchre; the church of St. Anne, the Hospital of St. 
John, and the church in the village of Abou Gosh. He then 
briefly alluded to the works of the knights of St. John, in the 
isles of Cyprus, Rhodes, and Cos, and the Castle of Boudroum, 
and concluded his lecture as follows— 

To return to the legitimate part of my subject, I have to say 
that Byzantine architecture, which did not materially alter 
during the fourth period, became the parent of the Russian and 
other styles which prevailed under the dominion of the Greek 
. church, but that in later times the first Byzantine building was 
never surpassed, or even equalled. 

The study of this architecture then I commend to your notice. 
But some of you шау be inclined to вау--ОҒ what practical use 
cau a knowledge of it be to us: now-a-days we cannot afford to 
waste materials in erecting massive piers, пог to construct immense 
domes over our churches, as the former would obstruct both 
sight and sound, and the latter would require more science in their 
construction than groining, and without decoration would have 
a bare and bald effect. In answer to this, I may urge that, as the 
architects of the twelfth and thirteenth centuries in Acquitaine 
adapted the Byzantine dome with great success, altering its propor- 
tions and making it pointed iustead of fiat, in order to suit their 
more aspiring architecture,—so might we, in like manner, use it 
in our town churches. Those who know Angouléme Cathedral 
will remember what breadth and dignity it gives to the aspect 
of the interior, and, now that we have a rising school of decorators, 
the bare effect might be removed by frescoes or distemper 
paintings. . 

So long as we carry our utilitarian principles into church- 
building we can never expect to have in England so magnificent 
a cathedral as St. Mark's at Venice—which, by the way, is the 
most perfect Byzantine church to be seen in Europe, built by 
Architects from Constantinople—but it is not so certain that we 
may not see a reproduction of one of the grand dromic churches 
of Byzantine times, as a church on such а plan would afford 
wide spaces and comparatively small obstructions, and would 
at the same time afford opportunities for fine proportions and 
for refined ornamentation, both of which are often neglected in 
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our Gothic buildings. At all eventa, the study of Byzantine 
architecture may be useful, in showing how Classical proportion 
may be applied to a distinct atyle, and willpoint out the direction 
in which our expectation of an improved Gothic should lead us 
to direct our studies. 


Mr. Pullan's paper was illustrated by a series of drawings from 
Eastern Churches, and with an original design by Mr. Pullan of the 
Interior of a Church in the Byzantine style. 

Mr. DuNPHY said that, though they might not entirely agree with 
Mr. Pullan with regard to the applicability of Byzantine architec- 
ture to modern usee, yet the members of the Association were deeply 
indebted to Mr. Pullan for the able and luminous paper which he had 
read. Не had the greatest pleasure in moving, that the thanks of the 
Association be offered to Mr. Pullan for the same. 

Mr. BzxwELL seconded the motion. Не had been at Venice, and 
his study of the style as there seen led him to question whether it could 
be adapted to an English climate. If an architect retained the typical 
forms of Byzantine architecture, he could not sufficiently light a church 
for this country. Looking at Mr. Pullan’s design he (Mr. Benwell) 
could not see how it could be suitable for Protestant worship. The 
Byzantine churches are gloomy, morose, and wholly unsuited to the 
Church of the present day, and unless the style can be made lighter it is 
useless to suppose that it can form the nucleus of a new order of archi- 
tecture. 

Mr. W. Кіров remarked, that in the study of any style our object 
was not to reproduce buildings in that style, but to study the effect pro- 
duced and the means employed to produce them, for the sake of our 
own education’ We often speak of the space under the domein St. 
Paul's Cathedral—and space is perhaps the impression chiefly conveyed 
to the mind by the use of the dome. If in our large churches we had 
more of this feeling of space, it would add much to their grandeur as 
well as their utility. Mr. Ridge, however, questioned the udis 
of using domes, on account of their effect on sound. It would not do 
to build & church with a large dome at the intersection of the tran- 
septs, if that dome had the Property of swallowing up the voice; and 
а series of дошев would probably interfere more with the sound than 
ordinary vaulting. The study of Byzantine architecture was therefore to 
be pursued more for the purpose of educating the mind than for the 
purpose of building churches in that style. He hoped that before 10: 
they would cease to build in any particular style; that they woul 
not put up 13th century, or 15th century, or Byzantine churches, 
but that the buildings they erected would be built with truth and con- 
ee: and not *cribbed" frem any particular style which has gone 

ore. 

The President said that the paper contained information of a most 
interesting and valuable character, and showed the resulta of much 
travel and research. The man who had travelled most, and had seen 
most, will in most cases, conceive the best designs. The artist did not 
travel for the sake of making a copy of some building, but in order to 
have his miud imbued with ideas oe beauty, and the man who knows 
most of the buildings of the past will best give us his experience when 
he comes to design for this day and generation. It was not necessary 
to copy, but the man who did not take advantage of all that the 
ancients had left behind was deficient of common sense. Of Byzantine 
architecture he would speak with all humility. He had only read about 
it, and seen some of the churches in France which partook of ita style. 
The impression left upon his mind by these was, that they expressed 
great solemnity, but Бе could not admire the style to the extent Mr. 
Pullan appeared to de. He (the President) did not think that churches 
ought to be built in the 19th century with a grand nave, long aisles, and 
long façades. He could not, moreover, agree with Mr. Pullan as to the 
dome. He considered they were not bound to erect great unnatural 
walls to support what had в heathen signification. He did not think 
they should take в heathen temple as & model for a Christian Church. 

Mr. DuNPRY said Mr. Pullan's remarka on space were most valuable. 
But before they got the space they would require to get more reverence 
in the people. He had lately asked one of the vergers in St. Paul's, if 
the building was ever used by individuals for acts of devotion. He had 
replied that foreign visitors occasionally knelt in silent prayer, but that 
the British public never manifested any such emotion in the building ; 
except, of course, in that portion which was railed in for stated public 
worship. 

Mr. лан, in replying to the commenta which had been made upon 
his paper, stated that his object in bringing the subject before the associ- 
ation was not that they should have a slavish revival of 


B g 
architecture, but to induce those who had not hitherto paid attantion Tg 


the style to study it, so that they might produce something new. 
Byzantine architecture would be something new, and he believed it could 
readily be adapted to suit the requirements of modern Protestant worship 
as regards light and hearing. 

Mr. Rupert inquired what was the heathen significance of the dome, 
to which the President bad adverted. 
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The President explained that he meant that the dome was in use 
among the Romans, and had been handed down from them. 

The vote of thanks to Mr. Pullan was unanimously adopted. 

Mr. Кірсе called the attention of the meeting to an advertisement 
issued by the Trustees of St. Mary's, Islington, calling for designs for 
a workhouse, and offering to pay the architect 24 per cent. upon the 
outlay. The Trustees also offered premiums of £100, £80, and £20, 
respectively, to be awarded to three designs, which are to become the 
property of the Trustees, With regard to the third premium, he hardly 
thought £20 в proper price for a design for а workhouse for a thousand 

. He thought that the question of the two-and-a-half per cent. 
put forward, as it had been, in such an unblushing way, ought to be 
taken notice of by the association in some manner. 

The President thought it better not to take any action in the matter. 
So long as architects were found willing to compete for such prizes, 
trustees would be found ready to offer them. These gentlemen no 
doubt did it in ignorance. 

Mr. Ridge could not agree with the President upon this point. He 
thought that, out of compassion to the ignorance of the Trustees, they 
ought to receive some intimation as to the proper scale of remunera- 
tion, and he therefore begged to move, ‘“‘That the Secretary be in- 
structed to forward to the Trustees of St. Mary's, Islington, the Insti- 
tute's Schedule of Architects’ Charges, with a letter, calling attention 
to the remuneration clause." 


Mr. RIDDETT seconded the resolution, which was carried. 


EXPERIMENTS IN MIXING AIR WITH LOW- 
PRESSURE STEAM.* 


Ву T. McDoxovon. 


THE apparatus used is of a simple form, steam being gene- 
rated іп а small boiler and allowed to escape through a nozzle so 
as to strike upon the fans of a little air-mill. The quantity of 
steam escaping іп a given time, and the number of revolutions 
introduced in the air-mill by this means was determined in the 
first place by direct experiment. Air from a gas-holder under 
moderate pressure is then allowed to flow into the rear of the 
same jet and issue with the steam. Тһе amount of air so added, 
and the number of revolutions in the air-mill during a given 
time being again determined, it is thus found that the addition 
of a small amount of air, вау ру that of the steam, would increase 
the number of revolutions in the mill by a much greater quan- 
tity, as in this case by 4. 

he following table exhibits the result of many experiments: 


jments in Mixing Air and Steam. 


í 60 | 60 ‚ 84 | 60 | 86 
пени 9 еі 432 432 432 |504 |432 1604 |132 |619 
limes of air 
sided 9 шіп.. 40 | 66 | 55 | 85 | 56 |100 | 85 |120 
Мейса of wheel 
with seam and 
ам .. .. 74 107 | 88 |111 | 80 |180 | 99 |150 
Gain by 
air оти 
ране to in- 
vol. "61 |:56 |:39 244 1-30 1°26 "за 
Е | 


Ezample.—In Ше first column, by adding 43 inches of air to 
432 of steam, the wheel increases its speed from 60 to 73, or 
about one quarter for an added volume of one-tenth. 

This action it is proposed to apply to steam engines by so 
arranging the valves, &c. that air in place of steam will be 
admitted during the first part of the stroke, after which the 
steam will be admitted and mix with this air. 

These experiments and results do not stand alone, but are 
supported by other independent investigations. Tbus, similar 
facts Бате been observed in connection with a small steam tur- 
bine, by Prof. R. E. Rogers, of the University of Pennsylvania, 
and a plan for using air and steam together mentioned in the 
London Mechanics’ Magazine, January 1865, page 7, points to 
some observations in the same direction. 

In explanation of some of these experiments, it may be sug- 
gested (һас the introduction of cold air might condense some 
portion of the steam, so causing it to be projected in liquid drops 


* From the Journal of the Franklin Institute. 
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against the wheel, by which means its motive power would be 
more efficiently applied than when it issued as an expanding and 
diffusable vapour. 

The apparatus referred to above was explained by means of a 
drawing made upon а plate of glass (coated with a collodion film, 
which had been sensitised, exposed, and developed in the usual 
manner) placed in a powerful lantern, by which a greatly mag- 
nified image was thrown upon a screen conveniently adjusted: 
and thus made distinctly visible to all in the room. 


Reviews. 


A History of Architecture in all Countries, from the Earliest Times 
to the Present Day. Vol. 1. By James Ferausson, F.R.S., «с. 
London: Murray. 

Іт is not often the case that an author enjoys, or makes for 
himself, the opportunity of revising his work, not only while in 
the form of sarap or while passing through the press, but 
after it has been published and criticised, and calm reflection 
has been possible. And yet, to those who know how important 
the results of repeated revision and correction renewed after an 
interval has been allowed to elapse, often prove, it is а subject 
for regret that this process should not oftener be possible. 

The work now given to the public presents what we ma 
term a third edition—a revised revision—of the views expressed, 
and the materials collected for publication, by Mr. Fergusson, 
in his work on ‘The Principles of Beauty in Art? This book 
was to have contained three volumes, but the success of the first 
volume was not such as to encourage the author to continue it 
іп the form in which it was begun. “Тһе Illustrated Hand- 
book of Architecture, published in 1855, gave to the world the 
materials prepared for tbe earlier work, with no doubt many 
additions, and something of the theoretical views propounded in 
that volume of it which actually appeared, in а condensed but 
highly systematic form, and in popular language. А new 
edition of that work being now called for, the following extract 
fom the preface explains in what way the autbor has replied to 
the call. 


“Under these circumstances the question arose, whether it would be 
better to republish the Handbook in Ив original form, with such additions 
and emendations as its arrangement admitted of, or whether it would 
not be better to revert to а form nearly approaching that adopted in the 
‘True Principles,’ rather than that followed in the composition of the 
Handbook, as one more worthy of the subject, and better capable of 
developing its importance. 'The immense advantages of the historical 
over the topographical method are too self-evident to require being 
pointed out, whenever the object is to give a general view of the whole 
of such а subject as that treated of in these volumes, or an attempt is 
made to trace the connection of the various parts to one another. If the 
intention is bnly to describe particular styles or separate buildings, the 
topographical arrangement may be found more convenient; but where 
anything beyond this is attempted, the historical method is the only one 
which enables it to be done. Believing that the architectural public do 
now desire something more than mere dry information with regard to 
the age and shape of buildings, it has been determined to re-model the 
work and to adopt the historical arrangement. Іп the present instance 
there does not seem to be the usual objection to such a re-arrangement— 
that it would break the thread of continuity between the old and the 
new publication—inasmuch ва, whichever method were adopted, the 
present work must practically be a new book. The mass of information 
Obtained during the laet ten years has been so great, that even in the 
present volume a considerable portion of it has had to be re-written, and 
& great deal added." | 


Тһе firat volume, аз now issued, contains nearly half as many 
more pages as the first volume of the Handbook, and one-third 
more woodcuts; bat the addition thus made to the bulk and 
richness of the work is not by any means the most important 
part of the change. The division of mankind into races, and the 
variations in art, consequent on tbe natural capacities ог quali- 
ties inherent in each race, a subject slightly touched upon iu 
the Handbook, is now made to form toa great extent the key-note 
of the treatment of the subject; and this gives a philosophic 
value to the re-issue greatly in advance of the older work, 
excellent though that undoubtedly was in many most essential 
particulars. It is true that on this score the work may be 
considered now more open to criticism that it was in the 


52 THE CIVIL. ENGINEER AND ARCHITECTS JOURNAL. 


[Feb. 1, 1866 


PRE DI. е 


original form, but for this Mr. Fergusson is prepared, remark- 
ing, with great justice, 


“Му conviction is, that the Бес *mode of investigation is not only 
capable of supplementing to в very great extent the deficiencies of the 
graphic method, and of yielding new and useful results, but that the in- 
formation obtained by its means is much more trustworthy than anything 
that can be elaborated from the books of that early age. It does not 


View of the Mausoleum of Halicarnassus, as restored by Mr. Fergusson. 


therefore terrify me in the least to be told that such men as Niebuhr, 
Cornewall Lewis, or Grote, have arrived at conclusions different from 
those I have ventured to express in the following pages. Their informa- 
tion is derived wholly from what is written, and it does not seem ever 
to have occurred to them, or to any of our best scholars, that there was 
either history or ethnography built into the architectural remains of an- 
tiquity. While they were looking steadily at one side of the shield, I 
fancy I have had a glimpse of the other. It has been the accident of 
my life—I do not claim it as a merit—that I have wandered all over 
the old world. I have seen much that they never saw, and I have had 


Section of Eastern portion of Church of Mortier en Der. 


access to sources of information of which they do not suspect the exis- 
tence. While they were trying to reconcile what the Greek or Roman 
authors said about nations who never wrote books, and with regard to 
whom they consequently had little information, I was trying to read the 
history which these very people had recorded in stone, in characters as 
clear and far more indelible than those written in ink. И, consequently, 
we arrived at different conclusions, it may possibly be owing more to the 
sources from which the information is derived, than to any difference 


PLAN 


BASEMENT PLAN—><- ENTRANCE 


Plan of the Mausoleum at Halicarnassus, from a drawing 
by Mr. Fergnason, Scale, 50 feet to 1 inch. 


between the individuals who announce it. Since the invention of print- 
ing, I am quite prepared to admit that the ‘litera scripta' may suffice. 
In an age like the present, when nine-tenths of the population can read, 
and every man who has anything to say rushes into print, or makes a 
speech which is printed next morning, every feeling and every informa- 
tion regarding a people may be dug out of its books. But it certainly 
was not so in the Middle Ages, nor in the early ages of Greek or Roman 
history. Still leas was this so in Egypt, nor is it the case in India, or in 
many other countries; and to apply our English nineteenth century ex- 
perience to all these seems to me to be a mistake. In those countries 
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and times, men who had a hankering after immortality were forced to 
build their aspirations into the walls of their tombs or of their temples. 
Those who had pee in their souls, in nine cases out of ten, expressed 
it by the more familar vehicle of sculpture or painting rather than in 
writing. To me it appears that to neglect these, in trying to understand 
the manners and customs or the history of an aucient people, is to throw 
away one half, and generally the most valuable Най, in some cases the 
whole, of the evidence bearing on the subject. So long as learned men 
iat in believing that all that can be known of the ancient world is to 
found in their books, and reaolutely ignore the evidence of architecture 
end of art, we have little in common. I consequently feel neither 
abashed nor ashamed at being told that men of the most extensive book- 
learning have arrived at different conclusions from myself—on the con- 
trary, if it should happen that we in some point to which their 
серых works did not extend, Т should rather be inclined to suspect 
воше mistake, and hesitate to put it down.” 


The arrangement of the work being now not geographical, but 
historical, so far indeed as an historical seqnence can be followed 
in a narrative, which often is required to tell one after the 
other, things that really occurred simultaneously, though in 
different parts of the world; Mr. Fergusson has decided that the 
beat arrangement available is one which divides the whole 
history of architecture into four great parts. 


“The first, which may be called ‘Ancient or Heathen Art,” to com- 
prehend all those styles which prevailed in the old world from the dawn 
of history in Egypt till the disruption of the Roman Empire by the 
removal of the capital from Rome to Constantinople in the fourth cen- 
tury. The second to be called either ‘Medieval,’ or more properly 
*Christian Art.’ This again subdivides itself into three easily-understood 
divisions. 1. Тһе Romanesque, or Transitional style, which prevailed 
between the ages of Constantine and Justinian; 2. The Gothic, or Wes- 
tern Christian; and 3. The Byzantine, or Eastern Christian style. 
Either of these two last might be taken first without incongruity; but 
on the whole it will be convenient, first to follow the thread of the his- 
tory of Gothic art, and returu to take up that of the Byzantine afterwards. 
The Western styles form a complete and perfect chapter in themselves, 
based directly on the Romanesque, but borrowing very little and lending 
less to any other style during their existence. They also perished earlier, 
having died out in the sixteenth century, while the Byzantine continued 
to be practised within the limits of the present century in Russia and 
other Eastern countries. Another reason for taking the Gothic styles 
first, is that the Saracenic spring directly from the Byzantine, and accord- 
ing to this arrangement would follow naturally after it. The third 
great division of the subject I would suggest might conveniently be 

enominated ‘Pagan.’ It would comprise all those minor miscellaneous 
styles not included in the two previous divisions. Commencing with the 
Ѕаввапіап and Saracenic, it would include the Buddhist, Hindoo, and 
Chinese styles, the Mexican and Peruvian, and lastly, that mysterious 
group which, for want of a better паше it may be convenient to call the 
*Celtic styles Мо very consecutive arrangement can he formed for 
these. Nor is it neccssary; they generally have little connection with 
each other, and are во much less important than the others that their 
anode of treatment is of far less consequence, and in the present state of 
our knowledge regarding them, a slight degree of reiteration may be 
considered advantageous. The fourth and last great division is that of 


the ‘ Modern or Copyin les of Architecture, meaning thereby those . 
pying sty y 


which are the producta of the renaissance of the classical styles, that 
marked the epoch of the cinquecento period. These have since that time 
prevailed generally in Europe to the present day, and are now making 
the tonr of the world. Within the limits of the present century it is 
true that the copying of the classical styles has to some extent been 
superseded by a more servile imitation of those of medizval art. The 
forms have consequently changed, but the principles remain the same. 
It would of course be easy to point out minor objections to this or to any 
всЪъеще, bat on the whole it will be found to meet the exigencies of the 
case as we now know it, as well or perhaps better than any other.” 


We have now indicated, and chiefly in our author's own words, 
the main points in which this recast of the Handbook differs from 
ita original form, and it only remains to add, that anything which 
may have been said in favour of the earlier issue of the work, 

plies with equal, in fact, with greater force to this later one. 
Compendicas, careful, and lucid in his writing, the author knows 
well how to seize the salient points of a large and intricate sub- 
ject, and to bring them alone, separating them from much which 
it must often be most difficult to reject, under notice. For the 
purposes of ordinary meu of letters, this book will probably long 
remain а snffcient text-book. For the architect, although it ів 
not by itself sufficient to give him the knowledge he ought to 
possess on any one point, yet the ‘History’ now is, and will 
probably long remain, the best general manual accessible. To 
the student it will prove invaluable, as a systematic introduction 
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to the study of his art, To the more advanced practitioner it 
will be а valuable assistance in many ways, not of course as a 
book of working examples, but as a manual of information, and a 
starting-point from which to commence any investigation pro- 
posed to be undertaken. 

As specimens of the qnality of the additional wood-cuts 
incorporated in this volume, we are enabled by the courtesy of 
the publishers to give the accompanying illustrations:—No, 349, 
the church of St. Mortier en Der, in Frane, a cut remarkable 
both for the excellence of its execution and the beauty of its 
subject; and No. 15% and 155, giving a view of the restoration 
made by Mr. Fergusson, of the Mausoleum of Halicarnassus, а. 
notice of which appeared in our columns some time back. 


The Homes of the Working Classes, with suggestions for their Im- 
provement, By James Hots. London: Longmans and Co. 
1866. 


Tas book is а very superior essay on one of the most impor- 
tant subjects of the day, and enriched with a large amount of 
valuable information, partly incorporated with the text, and 
partly embodied in notes and an appendix, but remarkable for a 
clear, comprehensive, and well expressed statement of a case 
which has, it is true, been often stated already, but which still 
needs to be urged on public attention in every possible way. 

In his firat paragraphs, the author of this work observes, that 
« the improvement of the material circumstances of the working 
classes is the condition precedent to all other efforts for raising 
their moral character.” This is uudoubtedly true, and if any 
step could be taken which would more than another improve 
that material condition, it would be the placing within the reach 
of the working man a decent comfortable dwelling. The ma- 
jority of the dwellings of our artizans, not to mention our 
ег; are neither decent nor comfortable; they are a 
reproach to our much boasted civilisation, and call loudly for 
radical improvement; and the great importance of this question to 
the whole of the nation makes us welcome во well considered aud 
thoughtful a contribution to the literature of the subject as this 
work of Mr. Hole, with great pleasure. 

The writer appears to be familiar with the north of England, 
especially Yorkshire, and as some notable experiments have 
been tried there in cottage-building on a large scale, of whicli 
he gives details not previously published, his work acquires 
an additional interest from this circumstance, the more во as һе 
has also taken care to inform himself of what has been done 
in the Metropolis, or by societies and benevolent associations 
having their headquarters there. 

То approaching his subject our author begins, by showing that 
the accommodation for the poor ia far from being what it requires 
to be, and points out in what respects it specially fails of fultilling 
the requirements of health, decency, and comfort. Bad drain- 
age, deficient air supply from without, deficient air apace within, 
narrow streets, scanty light, deficient and bad water, want of 
suitable conveniences, are all in turns dwelt on, and the evils result- 
ing from them are vigorously sketched; and then at greater length 
are Rtated the remedies applicable to this state of things. These 
remedies, after being considered separately and at some length, 
аге thus epitomised towards the conclusion of the volume. 


“То sum up briefly the conclusions to which all who are conversan- 
with this subject have arrived, it appears that what is now more part 
ticularly wanted to improve the sanitary conditions of the large masses 
of our population are the seven following: — 

1. The supervision by a central authority of the local bodies who are 
intrusted with the management and control of sanitary regulations, во as 
to ensure that the powers intrusted to the local authorities are fairly and 
honestly carried out.* 

2. The appointment of medical officers for each town, ва is done at 
present in London, and in some other places, with this difference: that 
the appointment and payment of such officers should rest with the 
central, and not the local authority. Health inspectors also should be 
appointed, on the same plan ая the present factory inspectors, who should 
report annually to Parliament on the sanitary condition of their respec- 
tive districte. 

3. A general Building Act regulating the minimum width of streets, + 
prohibiting cellar-dwellings, back-to-back houses, and the construction 
of all houses—at all events in towns—which did not comply with certain 


* As the Poor-Law Board does with the Board of Guardians. 

t No uniform rule, founded upon general principles, exista to determine the amount 
of open space to each house. e following із the amount of open space per bouso 
reqnired in different towns, extracted from the Bradford Report ou Ше Building 
Bye-laws:— п 


54 THE CIVIL ENGINEER AND 


well-ascertained conditions of health, auch as drainage, supply of water 
to each house, &c. The various legal provisions relating to the public 
health, such ав the Public Health Acta, the Local Government Acts, 
Removal of Nuisances and Diseases Prevention Act, Common Lodging- 
Houses Acts, and others having reference to the same point, require 
consolidating, with such amendments asimproved knowledge of the ік үзім 
now requires. 

4. Such an alteration of the laws relating to common lodging-houses 
as shall reach all the houses needing the application of them. 

5. Government loans by way of mortgage on the property, to be 
granted on liberal terms to local authorities, public bodies, and private 
individuals, for the erection of improved lodging-houses and cottage 
dwellings, whenever a clear and urgent case could be made out for such 
assistance, with adequate security for repayment of the advances. 

6. Inducements to the working classes to become the owners of their 
dwellings, by increased facilities in the purchase of land, by removal of 
legal impediments, by simplifying the process and cheapening the cost of 
conveyance; and giving also encouragement by conferring the privilege 
of the borough franchise on every working man who acquires such 
ownership. 

7. Power to be given to owners of lands tied up by any legal disa- 
bility, to dispose of it whenever required by the local authorities; and 
power, too, to be given to the latter to compel the sale of land within a 
certain radius, whenever the supply was inadequate to the growth of 
population or its sanitary exigencies. 

he question of improving the dwellings of the working classes is 
intimately connected with other social questions, which it is not our 
object to discuss here, but which may be briefly indicated. As better 
houses would make better men, so better men would make better houses. 


Into the consideration of all the heads of this inquiry we do 
not intend to follow our author; what is said on each one of them 
will repay any reader whose attention is devoted to the subject 
of ameliorating the condition of the poor. We have already 
taken up however one isolated part, and have quoted at some 
length the account of the buildings at Halifax, promoted by 
Mr. Crossley and assisted by a Building Society there, and we 
have given illustrations extracted from Mr. Hole's volume of the 


ри arrangement of them. In още present issue we engrave 


the plans and elevations of some of the dwellings themselves, but 
the fulness of the descriptions already quoted renders it 
uuneceasary to return to them here. We will instead conclude 
by quotiug one or two passages, in which the very serious diffi- 
culty of conducting such enterprises in a manner to make them 
remunerative is fairly stated, а difficulty which must be over- 
come before an extensive improvement can take place. 


Name of Town. Area ра те D gems қ m 
1 Story 150 square feet 10 feet 
Bradford, Morley 4 2 Stories 180 do. ... 12 do. 
3 Stories ... | 225 do. 16 do. 
Bangor, Brighton, f 
Barnsley, Derby | 1 Story — ... | 150 square feet ... | 10 feet 
Doncaster, Do- } 2 Stories 150 do. ... .. | 15 do. 
ver, Grimsby, | 3 Stories .. | 150 do. ... ...| 20 do. 
Leicester, Ply- | Abve.3 Stories | 150 do. ... ...| 25 do. 
inouth, Warwick 
1 Story .. | 150 square feet - | 10 feet 
Bolton 2 Stories ... | 150 do. ... ...| 12 do. 
3 Stories 150 do. ... 15 a 
1 Sto 80 uare feet ...| 10 feet 
Bradford, | ner 12 Stories dae c. I 15 do. 
3 Stories 80 do. d ... | 25 do. 
TA Four parts unbuilt upon 
Cardiff ... a у | to five parts built upon 
С 1 Sto Breadth of the build- | 40 feet 
Coventry ... ry | | ing by : : across 
| 2 Stories and Do 60 feet 
above. i across 
; Two-thirds of the entire 
icu area of the ground- 
Я s floor. 
Darlington p One-half of the entire 
Larger | 
houses | area of the ground- 
floor. 
(| One-third of the entire 
x area of the ground on 
Sunderland 2 a | which the house shall 
stand. 
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“The improvement of the dwellings of the poorer classes, to any 
appreciable extent, is not a work which can be accomplished by chari- 
table subscriptions. Philanthropy can scarcely be expected to grapple 
with an evil of this magnitude. It may give the impulse, but the work 
must be conducted by wise organisation and on ordinary commercial 
principles. In short, unless experimenta in this direction pay, they will 
not be repeated, and they must рау as much as any of the ordinary in- 
vestments of capital, including conmpensation for the trouble and risks 
connected with undertakings of this description. The attempts hitherto 
made, though successful in some aspects, have not fulfilled this cardinal 
condition. Most of the model lodging-houses of London have not 
averaged 4 per cent. Тһе Improved Industrial Dwellings Company 
(Limited), established in consequence of the success of Mr. Alderman 
Waterlow in the erection of Langbonrne Buildings (paying 8 per cent.), 
have indeed a prospect of much better dividends. The four blocks of 
buildings they have built show a probable profit of from 64 to 9 per cent., 
and the dividend already paid is 5 per cent. 

The earlier London societies, while fully alive to the importance of 
making their undertakings pay, have fonnd the conditions of the problem 
too strong for them, and hence it is benevolence, not commercial enter- 
prise, that has found the capital. So, too, with single dwellings. How- 
ever remunerative in other respects, the disagreeable fact remains that 
the return is only 4 per cent. upon the outlay of Mr. Salt at Saltaire, 
and Mr Akroyd at Copley. experimente, however, are ехсер- 
tional, because profit was intentionally made а minor consideration, and 
beauty and completeness à primary one. Good dwellings of the cottage 
class, however, cannot be built to pay a large percentage. То improve 
the quality, generally speaking, involves incrensed cost, а diminished 
rate of profit, and therefore lessens the motive to build proportionally.” 


The most promising mode as stated by our author for meeting 
this great difficulty, in circumstances where a building societ 
like бе Halifax one ia impracticable, must be some plan whic 
will cheapen the capital equated: And from these pages it 
appears that Mr. Alderman Waterlow has actually obtained a 
promise from the Government of assistance, by way of loan 
аба moderate rate of interest, under certain conditions. 

“АБ the instance of Mr. Alderman Waterlow, the Lords of tbe 
Treasury will apply to Parliament for the purpose of carrying out this 
proposal, on condition that the public bodies to whom the money of the 
State is lent shall be content with a maximum profit of 5 рег cent., with 
the object of ‘distinguishing their case from that of ordinary commercial 
enterprise.’ ” 

Turning for a moment to Ше appendix we find several valu- 
&ble documents; none more so than the one entitled *a Chapter 
on Leeds.” Thinking men have been horrified by the descrip- 
tions of those London dwellings of the poor which are the chief 
haunts of typhus fever, that have lately appeared in the ‘Times’ 
from the реп of Dr. Jeaffreson, but here seem statements showin: 
a condition of things almost if not quiteas bad. One of the lo 
physicians, writing to the ‘Leeds Mercury, thus graphically de- 
scribes some of the districts where the fever nests may be found:— 

“This is no description of a plague-stricken town in the fift-enth cen- 
tury; it is a faint effort to describe the squalor, the deadliness, and the 
decay of a maas of huts which lies in the town of Leeds, between York- 
street on the one side and Marsh-lane on the otber; в place of ‘darkness 
and cruel habitations,’ which is within a stone’s-throw of our parish 
church, and where the fever is bred. These dwellings seem for the most 

to belong to landlorda who take no interest whatever in their well- 
ing. One block perhaps has fallen years ago by inheritance to a gen- 
Чешап in Lancashire, Devonshire, or anywhere; another to an old lady; 
а third, perhaps, to an obscure money-lender. Meanwhile the rotten 
doors are falling from the hinges, the plaster drops from the walls, the 
window-frames are stuffed with greasy paper or old rags, damp and 
dung together fester in the doorways, and в cloud of bitterness 
over all." 

Melancholy indeed it is that so many of our fellow creatures 
should be doomed to the wretchedness of such dwellings ав these 
and the more acutely we feel the pressure ofthis great and сгу- 
ing evil, the more heartily shall we welcome a well-judged an 
painstaking effort to contribute towards the improvement needed 
to be brought about; such au etlort has been mad by Mr. Hole 
in the work before us, and with very remarkable promise of 
usefulness. 


Тче principal Ruins of Asia Minor. [Illustrated and described 
by CHARLES Tesier and В. PorPLEWELL PuLLAM F.R.IB.A. 
London: Day and Son, 1865. 
This handsome and beautifully illustrated volume, с 

selection from the engravings accompanying M. Tesien® large 

work, and showing general views and details of some of tii» best 
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examples of temples and other edifices which he measured. The 
deseriptive letterpress gives short descriptions, taken from his 
writings and those of other travellers who have visited this 
interesting district, aud includes a narrative of Mr. Pullan's jour- 
nies for the Dilettanti Society and the Government. We cannot 
pretend iu a short paragraph to do more than name a book of 
this inportance as among the works recently received, but we 
aball give а full notice cf it in an early number. 


----«.-- 


ARTIZANS DWELLINGS, WEST HILL PARK, 
HALIFAX. 


WE give illastrations in this number of some of the dwellings 
composing the group of which a block plan, and perspective 
view were illustrated in our last. 

By reference to the account there given, it will be seen that, of 

: the two classes of dwellings forming the subject of our present 
illustrations, those of Class No. 4 have cost aboat £160 for each 
house, and class No. 3 are to cost £270 each, land and all con- 
tingent expenses being included in each case. Those familiar 
with the aubject will recoguise that the cost of Class 4 is very 
moderate; that of Class С probably provides for better finishing 
than is obtainable in such buildings, and in that case is not 
excessive. The planning and general treatment of both these 
desigus are very good, and reflect credit on the architects, 
Messrs. Paull and Ayliffe, of Manchester. 


--2- - 


INSTITUTE OF BRITISH ARCHITECTS. 


Ar the ordinary general meeting of the Institute of British 
Architects, held on the 22nd ult, Mr. A. J. B. Beresford Hope, 
МР., President, in the chair, after the usual preliminary business 
of the evening, the President presented to Prof. Thomas L. Don- 
aldaon, past president, Emeritus Professor of Architecture at Uni- 
versity College, London, & gold medal bearing his portrait, struck 
at the instance of his professional brethren, to commemorate his 
roce &ud zealous services in promoting the study of architec- 
ure. 

Iu an eloquent address, the President referred to the distin- 
guished services which Prof. Donaldson had rendered to the 
cause of arehitecture іп this country daring his lengthened career, 
and stated that it was mainly through his personal exertions 
that the Institute first took complete form and action in the year 
1835, under the presidency of the late Earl de Grey, with Mr. 
Donaldson as the Honorary Secretary, and who at the request of 
Ше Council read a very able and comprehensive paper pointing 
out the various ways in which the members of the profession 
might make themselves useful to the cause of architecture. 
Fifteen years subsequently, the President added, Mr. Donaldson 
was presented by the same nobleman with the Koyal gold medal 
of the Institute. Coming down to the period when Mr. Donaldson 
was appointed Professor of Architecture in University College, 
London, the President spoke of the distinguished manner in 
which the duties of that important position had been discharged 
by that gentleman, he having during his period of office educated 
400 students in architecture; aud in conclusion he expressed a 
Боре that, although Prof. Donaldson had at bis advanced period 
of life felt it due to himself to resign that appointment, it was 
not to be regarded as an intimation on his part of his intention 
to retire entirely froma that sphere of usefulness, study, and re- 
search which had characterised him from earliest life until the 
present day. 

The President,amid the loud plaudits of the meeting, then 
handed the medal to Prof. Donaldson, who expressed his high 
senag of the distinguished compliment, that had on this occasion 
been paid to him by his professional brethren, whose friendship 
and esteem he so highly appreciated—an honour for which he 
said he felt that the humble services be had rendered to archi- 
tecture were wholly inadequate. Тһе learned Professor then 
gave an interesting sketch of his career from early life, pointing 
cut the difficulties which in his younger days existed in the pur- 
suit of studies bi pu to architecture, and even architecture 
itself. He adverted with feelings of pleasure to the humble part 
which it had beeu his privilege to take in the formation of the 
Institution, which he had always felt would be а great meana of 
promoting their art, and he rejoiced in having been permitted to 
witness ita present high standing and efficiency. 

Mr. Joux W. Parworts, Fellow, then read an interesting paper 
* On the Roofs of the Hypethral Temples at Basse and Ægina.” 
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THE LOCKE MEMORIAL. 


Ох the 18th ult., the ceremony took place of unveiling a statue 
by Marochetti of the late Joseph Locke, С.Е., М.Р, erected іп 
the People’s Park, at Barnsley—a plot of ground presented to the 
town by Mr. Locke, with a liberal endowment for its main- 
tenance. The ceremony was performed by Lord Alfred Paget, 
assisted by the authorities of Barnsley, supported by Mr. Fowler, 
President Inst.C.E., and many engineering friends from London 

Lord Alfred Paget, as chairman of the memorial committee, said, 
It is not without considerable hesitation that J have consented: 
to take an active part in the proceedings of this day. I had 
hoped that some celebrity in the scientific or political world would 
have performed the duty which appears to have devolved upon 
me, in the capacity of chairman of the committee of the friends 
of the late Mr. Locke, who had combined to raise this not 
unworthy tribute to his memory. I was, however, easily per- 
suaded, as I entertained a personal regard for oar late friend— 
and having the good fortune to be thrown much into his society, 
I fully appreciated the good qualities he possessed. No task 
could, therefore, be more agreeable to me than aiding in paying 
a public tribute of respect to his memory in this locality, whence 
he sprung—where he was во well esteemed, and is now во 
deservedly regretted—and where, also the joint names of Mr. and 
Mrs. Locke will be long gratefully remembered, for their judicious 
and munificent endowments of your public charities. The public 
career of Joseph Locke is before the world in the great works of 
publie utility projected and accomplished by him. We may, how- 

owever, be permitted to cast a retrospective glance to the antece- 
dents of the well-known public man, and in this case we shall find 
that in his father he had before him a model upon which he pro- 
pa and sensibly formed his own character; for it is clear that the 
ather and son were equally remarkable for energy and stedfnst- 
ness of mind, combined with economy and sagacity in worldly 
affairs. Joseph Locke was born at Attercliffe Commou, not far 
from hence, in the year 1805, and at a very early age came with 
his family to Barnsley, where he enjoyed the айғағы es of the 
tuition of the grammar school. But in these days the period 
devoted to education was not long, and he was soon sent to learn 
the profession of surveying, at Pelaw, and afterwards at Rochdale, 
and was then engaged in assisting his father. In the year 1823, 
by a fortunate combination of circumstances, the attention of the 
late George Stephenson was directed to the son of his old fellow- 
workman, and young Joseph Locke was admitted into the engine 
works at Newoastle-upou-Tyne. То а hard working and studious 
youth the opportunity thus afforded of participating in the great 
and novel works of the day, and іш company with such а шап as 
George Stephenson, was not to be neglected. Self-help was all 
he had to rely upon, for in those days there existed but little of 
the ideas so readily fuund at the present time. He shaped out 
his own course, and the energy of his character led him on to 
fame and fortune. Joseph Locke, already an accomplished sur- 
veyor and an active colleague of Robert Stephenson in asserting 
the superiority of the locomotive over the proposed stationary 
system of traction, was soon permitted to take his own course; 
and in 1835 he constructed the Grand Juuction Railway, which 
by its great commercial success first strongly attracted the atten- 
tion of capitalists to railways аза highly profitacle kind of invest- 
ment. The career of Locke, thus auspiciously opened, soon 
became one of inceasant occupation, as mercantile men and the 
boná-fide shareholders demonstrated their confidence in him by 
subscribing largely to the lines on which he was engaged. The 
South-Western, the Sheffield and Manchester, aud then the 
Scottish lines uniting the two capitals, London and Edinburgh, 
were commenced and successfully carried out. In 1837 he began 
the railways north of the Tweed, and thus were forced upon him 
works of greater magnitude than he would otherwise have under- 
dertaken, for the great characteristic of his engineering mind was 
to avoid all works, however interesting, which were not strictly 
essential to the welfare of the undertaking. In these connecting 
links between north aud south the features of the intervening 
country forced upon him the construction of steeper gradients, 
which he henceforth adopted. In 1838, at the instigation of 
M. Lafitte, he turned his attention to the construction of rail- 
ways in France, and with Messrs. McKenzie and Brassey as the 
contractors, he successively executed the Paris and Rouen, the 
Rouen and Havre, and the Cherbourg Railways, as well as 
co-operating in other lines and giving the impetus to the intro- 
duction of the railway system into Franoe. These services were 
recognised by Louis Philippe and by tle present Emperor, when 
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they succeasively created Mr. Locke а Chevalier and Officer of 
the Legion of Honour. About the year 1849 he became the 
representative in Parliament for the borough of Honiton, for 
which he sat for thirteen years, and enjoyed the full confidence 
of his constituents. We have not to deal with Joseph Locke as 
a politician or a legislator, or I might be tempted to enlarge upon 
the consistent support which be gave to the free trade movement, 
his sensible opposition to th» Sunday bill, and the pertinacity 
with which he urged upon the House the importance of obtain- 
ing full and careful estimates for the public works which were 
sought to be authorised. Тһе time must arrive when the 
strongest mind and the most active frame require repose, and 
Mr. Locke gradually relaxed his business and Parliamentary 
avocations, still, however, continuiug to be the valued adviser of 
certain railway companies; whilst at other times he appeared at 
the anuual public meetings as a severe critic of their proceedings 
when their policy was not identified with his views. He 
interested himself in several useful charities, and devoted to the 
Institution of Civil Engineers even more attention than he had 
previously done, probably with an inward feeling that in the 
removal of Cubitt, Rendell, Brunel, and Stephenson, it was 
incumbent upou him to watch over that institution which had 
been their constant care. His address from the presidential 
chair should be in the hands of every young engineer. Gradually, 
however, he withdrew more from public Ше, and devoted him- 
self to country occupations and field sports, which on the Scottish 
moors he highly enjoyed. You, men of Barnsley, always 
occupied much of his thoughts, and when he visited this place 
you gave him a most cordial welcome, listened to his advice and 
pleasant jokes, expressed to him the wants of your town, and in 
all ways treated him as a trusted friend and counsellor, and 
right well he merited your confidence. He went home fully 
imbued with the feelings of what should be done for the benefit 
of your town, and Mrs. Locke has religiously carried out his 
views; you know how thoroughly she has acted in accordance 
with these views in the free gift of this ground, the Locke Park, 
with an endowment for its maintenance, a most liberal endow- 
m ent for the grammar school—whence he derived the rudiments 
of education—a munificent gift to the Roman Catholic schools, and 
other well-considered and well-bestowed charities. These all 
attest the kind iutentions of Joseph Locke, and the noble manner 
in which that excellent lady, Mrs. Locke, has carried them out. 
My mission must end with the expression of regret we all feel 
at the too early removal of the last of the trio of Brunel, Stephen- 
воп, and Locke, all men who had done and were still calculated 
to do good service for their country. Allow me, in conclusion, 
to congratulate you on the auspicious inauguration of this noble 
monument to the memory of your distinguished townsmanin the 
centre of this beautiful park, and in the sight of your children, 
who may be taught by it lessons of energy, self-reliance, and 
public usefulness—and to express my admiration of this fine 
work of art by Barou Marochetti, which we now entrust with 
confidence to your safe keeping. 

To a resolntion thanking the donors for the statue, Mr. John 
Fowler, President of the Institution of Civil Engineers, said :— 
* Gentlemen, on behalf of the donors who have presented the 
statue to the town of Barnsley, permit me to thank the inhabi- 
tants for the resolution which has just been read, and at the same 
time to assure them that, in the opinion of the friends of the 
late Mr. Locke, the statue has now been placed in its best and 
most appropriate position. Such a memorial of such a man can 
scarcely fail to exercise a beneficial influence on the future career 
of many young men of this busy district, besides being in itself 
an ornament to the town. The admirable address which we have 
heard from Lord Alfred Paget, bas left little to be added by 
those who follow him. Personally I esteem it a great privilege 
to be present at the interesting proceedings of this day; and I am 
sure it must be a subject of peculiar gratification to the friends 
of the late Mr. Locke, as it is to myself, that one who knew bim 
so well and valued him so highly, and who is himself so much 
respected by the engineering profession, as Lord Alfred Paget, 
should have consented to take such vivid personal interest in the 
realisation of this record of our late friend, and also in taking 
the chief part this day, in the inauguration of the * Locke Ме- 
morial.’ can assure the inhabitants of Barnsley, and the 
numerous friends and admirers of Mr. Locke now assembled here, 
that the members of the Institution of Civil Engineers of Eng- 
land, of which I have now the honour to be president, take a 
deep interest in these proceedings, and that they sympathise сог- 
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dially in the respect thua rendered to the memory of а man 
whom they will long remeinber as oue of their most distinguished 
and useful presidents. The world justly thinks that the days of 
Stephenson, Brunel, and Locke, were ‘daya of the giants’ of the 
engineering profession; and, gentlemen, allow me to say that we, 
in the present day. entirely agree with the world at large in that 
opinion. Jocke was truly one of those giants. His far-seeing 
and strong common-sense, his comprehensive grasp of all the 
bearings of a question, were so powerful, that the capitalista of 
"Lancashire, of ‘London, and ultimately of France and the con- 
tinent of Europe, placed faith in his jadgment, and then followed 
him with such confidence as to entrust almost unlimited capital 
to his disposal, in every undertaking in which he engaged. In 
France he was the pioneer of the railway system of that country, 
and had the good fortune to be accompanied and seconded by 
Mr. Вгазвеу, whom we are all delighted to see present with us 
this day. What more fitting representatives of Englishmen 
could be found than the prudent but energetic Locke, and the 
modest but lion-hearted Brassey? What, indeed, bat а lion 
heart had enabled Brassey to meet the great catastrophe of the 
fall of the Bareutin Viaduct 1—ап accident, a pure accident, for 
which he was neither legally nor morally responsible. ‘Well, 
Brassey, what is to be done?’ says Locke. ‘Why, my dear 
Locke, of course I must build it up again;' and build it up again 
he did. Those were the true kind of men, gentlemen, to be the 
pioneers of a new enterprise, and to impart contidence in English- 
men amongst foreigners. But, gentlemen, let it not be supposed 
that iLocke was merely a commercial engineer. I believe that, 
to some extent, injustice has been done to his memory by those 
who did not know him well, arising, no doubt, from the pro- 
minent development of the common-sense and commercial 
element in his character. Locke was, however, an eminently 
scieutific engineer, and it is to his scientific knowledge we owe 
one of the most important discoveries and improvements іп our 
railway system. Не it was who first abandoned the use of the 
fish-bellied rail and adopted the T form of rail, and he was en- 
abled to do this entirely from his scientific knowledge of the true 
value of what engineers call ‘continuity.’ He it was who, in 
conjunction with Robert Stephenson, combated the advocates of 
fixed steain engines as a means of obtaining locomotive power, 
and by their thorough knowledge of the locomotive engine and 
ita capabilities, obtained the victory in the contest. Не it was 
who, by the confidence which perfect knowledge of the subject 
gave him, first advocated the lines over the mountain ranges be- 
tween Lancaster and Carlisle, and between Carli-le and the north, 
by which means long tunnels at a ruinous cost were avoided, but, 
at the same time, obtaining perfectly good working lines, and 
thoroughly adapted to the natureand extent of the traffic required 
to be passed over them. At that time no engineer but Locke 
would have dared to make the proposals for such lines, and cer- 
tainly no other engineer would have been followed and supported 
in them by adequate capital; and yet we all now kuow and 
acknowledge his views on this question to have been sound, not- 
withstanding the vehement opposition which they encountered 
At the time, What but scientific knowledge could have enabled 
Locke to have arrived at such admirable conclusions? because, at 
that time, there was little or no experience to guide him upon such 
questions. Many similar instances could easily be given, but 
they would not here be in place, and I һауе only enumerated one 
or two prominent cases to correct the erroneous impression which 
has appeared to exist in some few minds, that Locke was not 
«eninently a scientific engineer. -Will you permit me, in order to 
illustrate one of the characteristic traits of our departed friend, 
to refer to the kindly feeling, and almost I may say affection, 
which many of us have so often witnessed between himself and 
Robert Stephenson when they met! They were, as is well 
known, frequently professional rivals, but always attached friends; 
and no one who had the privilege to hear it will never forget the 
alternate ‘ Robert’ and ‘Joe’ of their familiar social intercourse 
in their late years, asin the old days long gone by. Іп conclusion, 
entlemen, permit me % say, that from the career of the late 
Mr. Locke we may draw many useful lessons, and I hope, as a 
Yorkshireman myself, his example and success will stimulate 
other young men of Yorkshire to similar efforta for the good of 
mankind, and for their own reward. Amongst civil engineers, 
and in the annals of the Institutiou, tlie name of Locke will ever 
occupy a distinguished position, and I believe the record of this 
day's proceedings will be memorable as long asa great and useful 
man continues to be appreciated by England and Englishmen. 
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EXAMPLES OF FONTS. 
( With ат engraving. ) 

THE first of the fonts illustrated in the accompanying plate 
was erected three years since іп St. Mary's Church, Winkfield, 
Berks. The base and bowl are executed in Caen stone, the shaft in 
red Manstield stone, relieved with a guilloche ornament delicately 
eut, and the four surrounding columns in green serpentine mar- 
ble. On the predella line the plan is an irregular octagon, the 
amaller bases emerge from the sides, and the square plinth under 
cirealar portion of centre base, intersects and loses itself ou the 
splayed cants. Broad angle leaves, little more than moulding, 
spring from the principal cap, and support allegorical figures, 
representing the rivers Phison, Gihon, Hiddekel, aud Euphrates. 
The caps to columns are carved with simple leafage, flatly and 
severely treated. Directly over, in moulded and carved panels, 
having sunk spandril-pieces filled in with marble, occupyiug the 
four cardinal faces of the bowl, are seated figures of the Evan- 
gelists scalptured in high relief; the intermediate and diagonal 
sides are brought forward by angle canopies and hollows, carved 
with the apple aud leaf of a very conventional character; aud 
are farther enriched with inlaid marble, fleur-de-lis of two colours, 
and bands of carved diaper, capped by a moulding, which sur- 
ronnds and completes the font. 

The second font, in the church of St. Mary, Bridgetown, Barba- 
does, ів of Norman-transitional character: Из base is composed 
of red Mansfield stone, octagonal in plan, the cants alternating 
with the angles of, and intersected by, a second plan of the same 
form, termiuating with a bold moulding, which follows the line 
of the shaft of polished Pyrenean deep green marble, having a 
сар of Caen stone, effectively carved with conventional apple, 
intended to symbolize the “ Fall of Man.” The bowl, also of Caen 
stone, is circular (a figure of Eternity), richly sculptured, incised 
with coloured cements, and interspersed with bosses of Derby- 
shire red spar, upon grounds of Jrish light green marble. A 
conventional wave encompassing the lower part of the bowl, aud 
flatly-cut bulrushes in three panels, are emblematical of the 
origin of Baptism by water in the Jordan: three compartinents 
contain busts in alto-relievo, illustrating three Christian Graces 
as fruite of Spiritual regeneration, treated Biblically and allegori- 
eally thus—Faith, by St. John the Divine, and a veiled female; 
Сее walk by Faith, not by sight.”)—Hope, by the prophet 

iah, and a helmetted female chained; (“putting on for an hel- 
met the hope of salvation,”—“for the Hope of Israel am I bound 
with this chain.")—Charity, by St. Stephen the Martyr, and a 
female wearing a celestial crown, ("the greatest of these is 
Charity.”) Upon the upper bevelled edge of the bowl are 
incised the following Apostolic exhortations; “Stand fast in the 
Faith;" “Hope to Ше End;’ “Have fervent Charity." 

The oak cover, chromo-relieved and slightly gilded, is likewise 
of Norman-tranusitional style, and constructed light enough to be 
easily lifted by the hand: it commences on a circular plan, from 
which springs an octagon, whose moulded ribs converge at a 
centre-post; and on traceried splays is iuscribed the Sacramental 
truth, “Ry One Spirit are we all baptized into one Body.” A 
feature of embattlements and a cruciform finial, speak, symboli- 
cally, of “Christ's faithful soldier” in the Church Militant, and 
of the token in “the sign of the Cross.” 

Both fonts were executed by Mr. Т. Earp, from the designs 
pad the superintendence of Mr. Bentley, Architect, 

ndon. : 


--#---- 


ACCOUNT OF THE RESTORATION OF THE DUTCH 
CHURCH, AUSTIN FRIARS.* 


By Epwarp l'Axsox. 


Tue church and convent, as rebnilt iu 1354, must have been of 
considerable extent, for the buildiugs and grounds extended from 
Broad-atreet northward to London-wall,and from the north corner 
of Broad-street to the church of St. Peter-le-Puor. The church 
consisted of nave, north aud south aisles, north aud south tran- 
septa, south porch, choir, chapels of St. John, St. Mark, St. James, 
8t. Thomas, chapter-honse, aud cloister, which last appears to 
have been on the north side of the church ; the churchyard was 
on the south side. At the intersection of the cross there was a 
spire or fleche, which was regarded ав oue of the remarkable 

———————————————— 
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objects of London; for Stowe, writing іп 1593, says, “Тһе church 
ia a large thing, having a most fine ерігі ateeple, small, high, and 
straight; I have not seen the like.” This small spiral steeple was 
overthrown by a tempest of wind in the year 1362, but was forth- 
with raised again. It во remsined until the end of the sixteenth 
century, when it became dangerous; fur we find the Lord Mayor 
and citizens, writing to the Marquis of Winchester, to whom the 
property then belonged, on the ith August, 1600, requesting liim 
to restore the steeple, as it appears he had promised to do, and 
threatening legal proceedings if did not ; but promises aud threats 
appear to have been alike unavailing; so the steeple with the east 
part of the church was taken down, and, says Stowe, “ houses for 
one mau's commodity raised in the place, whereof London hath 
ihe 80 goodly an ornament, and times hereafter may more talk 
of it. 

As to the part of the church which was westward of the tran- 
septs, and which still remains to us, we fiud that Edward VI. in 
bis Diary haa the following minute: “29th of June it was ap- 
pointed that the Germans should have the Austin Friars for their 
church, in purum et liberam elemosynam, to have their service in 
for avoiding of all sects of Anabaptists, and such like" It was 
thenceforth called the Tewple of Jesua, and some glass quarries, 
which at the late restoration were preserved from the old windows, 
bear the legend of Jesus Temple, are dated 1550; two others bear 
the legend, Temple of the Lord Jesus; these were all replaced in 
the two windows at east eud of the north and south aisles. From 
the date of the first minister, Johu a Laaco, in 1550, to the pre- 
sent time, this church haa remained in the hands of the Dutch, 
and has been managed by consecutive elders of that church to the 
present time. The sequence of the ministers, from the date of the 
first uppointed up to Ше appointment of the present minister, 
Dr. Hendrick Сее in 1830, is recorded by a tablet in the church, 
As the church existed within the last twenty years, it will be 
remembered by all who frequented the busy purlieus of Thread- 
needle-street and Broad-street, іп a retired thoroughfare, hemmed 
in by the houses of London merchants, which within the last few 
years have been converted into offices. 

The west frout of the building, together with part of the north 
aisle, were the most conspicuous; the other portions being sur- 
rounded by bnillings. Па large west window, not remarkably 
good in character, and its decorated aisle windows, formed one of 
the most noticeable remnants of Medieval architecture which the 
City contained. The exterior had been carefully repaired about 
1828, but owing to the waut of knowledge which prevailed on 
this subject in the early part of the century, not in the careful 
manner which characterises restorntions of the present day. It 
was, however, then a matter of comment, and the subject was 
warmly discussed in the ‘Gentleman’s Mazagine’ of that date. 

The old water-tables of the buttresses appear to have been re- 
moved, and the decaying mullions and tracery—chiefly of Reigate 
fire-stone, and much perished—were restored with Roman cement, 
aud the surface of the walls rendered over with the same material, 
whereby nearly the whole of the old work was covered np. Over 
the west door a canopy appears to have been added. Some further 
restorations were iu progress іп the year 1862, when a fire de- 
stroyed a large portion of the work, and left the building in a 
condition which appeared ruinous. Nearly the whole of the roofs 
of the пог aisle and nave were destroyed, and the upper parte 
of the masonry much injured, but fortunately the tie beams of the 
nave were left remainiug, although damaged. After the fire the 
building was surveyed by the fire office surveyors, who con- 
sidered it past repair ‘and such was also the opinion of the district 
surveyor, who officially condemned it as a ruinous building. 

At this time I was professionally consulted. I found the build- 
ing in the state I have partially described. The pillars on the 
south side of the aisle were not only as much ая 17 inches out of 
the perpendicular, but the whole church had taken a southward 
settlement. Оп plan at the level of the top of the walls having 
assumed а bow form, gradually increasing towards the middle, 
where on the north side of the south aisle the versed line of tho 
arc was, aud still is 17”. On the north side of the aisle it was 
somewhat Іевз, апд on the inside of the external walls of the 
north and south aisles it was less still; the external walls 
having suffered the least movement, especially the wall on the 
north side. 

Having reference t» the ex:remely dilapidated, and, as it ap- 
peared to me, ruinous condition of the church—to the very great 
value of the land in Austin Friars—to the inconvenient size of 
the church for the purposes for which it was required, ita size 
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being utterly disproportionate to the requirements of its congre- 
gation, I came to Ше conclusion that it would be in all respects 
шоге desirable to pull down the existing—as it appeared—ruinous 
fabric; the restoration of which would necessarily be very costly, 
aud to build another church more suitable to the requirements of 
the cougregation. I accordingly so advised the trustees; but 
being desirous not wholly to lose the tradition of (Ше ancient 
church, T proposed the erection of а building of medieval archi- 
ture, and engaged the services of my late esteemed friend and 
pupil, William Lightly, who had long worked with me in other 
matters, to co-operate with me in preparing a desigu for the pro- 

sed new church. This was accordingly done; when it having 

come known that it was the intention of the trustees to remove 
the old buildiug, so strong а manifestation of public feeling was 
eviuced by letter in the daily papers, of July 1863, and very 
influential and pressing reprexentations made to the minister and 
elders of the church, that the trustees were le:l to re-consider the 
question. Although I still held unaltered my views as to the 
practical utility of erecting a building more consouant with the 
requirements of the congregation, I felt there was no absolute im- 
possibility in preserving the work as it stood, and in effecting а 
restoration. The committee of the Dutch Church, feeling that 
they were trustees, not only to а limited congregation, but to the 
general public, who they believed, by the strong expression of 
opinions which were made, were seriously desirous of retaining 
the old church, resolved in deference to the opinions so expressed 
to abandon their original intention, and, if practicable, to restore 
the church. Т therefore, іп conjunction with шу late friend Mr. 
Lightly, undertook the task of retaining aud repairing the exist- 
iug portions of the church, and of restoring such portions as were 
destroyed. Having once come to that determination, we endea- 
voured conscientiously to restore the building as it stood, retain- 
ing every part of the aucient fabric, uncovering and restoring 
such portions as were lidden and masked by the work of the 
seventeenth century and later times. 

As to thearrangement of the church as we found it, at the west 
end were vestries, ап orgau loft, aud a library. ‘The general 
arrangement was picturesque, but of the worst character of the 
seventeenth century. The lower part of the stove piers was lined 
with wainscoting, xs also the external walls. The altar table was 
raised on a platform enclosed with а wooden balustrade, with 
wall linings at the back of a more ornamental character ; all 
of the work of the end of the seventeenth or beginniug of the 
eighteenth century. The altar was decorated by a painting repre- 
senting an arcade of the Ionic order, containing the Creed and 
Commandments. Оп entering on the work we recommended the 
entire removal of the vestries, organ loft, and liuraries, which 
entirely filled up the western bay of the church, the wall linings, 
aud thealtar decorations ; and we proposed to reinove veatrigato the 
east end adjoining the altar, one of which is used by the minister, 
and the other by the elders of the church ; keeping the vestries 
low, 80 as not to interfere with the building or to abridge ita 
apparent size. We also proposed the removal of the south porch 
(which was not without its picturesque aspect), aud to replace it 
by a doorway more in accordance with the style of the church; 
for this we had no precedent, and it is strictly an addition. We 
also recommended the enclosing by wooden screens of the bays 
at the east end of the church, which affords ample space for the 
congregation ; and we recommended the decoration of the broad 
wall space at the east end by a fresco painting, but this being 
inconsistent with the service of the church was not carried out, 
nor were we allowed (ав was aleo suggested) to use any coloured 
glass for the windows. After the resolution which the trustees 
came to at the end of July 1863, to restore the ancient building, 
and certain arrangements necessary in consequence of the altered 
plans, some time necessarily elasped befure contracts could be 
obtained for the restoration, and it was therefore not until October 
of that year tbat the tenders were received and the work was 
actnally commenced. 

Seeing the extremely critical condition of the piers of the 
arcades, our firat attention was directed to ап examination of 
the foundations of this part of the building. We therefore had 
the substructure of the piers exposed, and fonnd that they rested 
on brickwork, having apparently been underpinned, and that the 
foundations were perfectly sound and sufficient. Having fully 
satisfied ourselves on this point, we resulved to retain the walls 
and arcades out of the upright as we found them, deeming it, in 
fact, impracticable to effect any alteration in this respect short of 
rebuilding the whole, aud to put on the new roof without rebuild- 
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ing them. The old vestries, library, aud orgau loft, which dis- 
figured the western end of the church, having been removed, the 
first step was to shore up the old walls, aud place stratted shores 
between the arcade walls, and the walls of the nave and the aisle 
walls, and then to make good all the unsound parts of the walls 
and arcades which were in a defective state. 

It was resolved to retaiu the flat over the south aisle, which 
waslittle injured, aud the plaster and ceiling which concealed 
it internally was removed. This roof was coustructed with very 
imperfectly trussed principals, and some which had no bearin 
on Ше south wall were removed and new ones introduced, wit 
а proper bearing on the south side, and made to run completely 
through the arcade wall of the пате. The old king-posta and 
braces were re-framed, and the spaces filled in with pierced panel- 
ling. This work was necessarily done with great care and caution, 
one truss only being removed at a time. The old timbers were 
then wrought as they stood, and new boarding was added to the 
under-side of the rafters. А new flat, corresponding with this, was 
then placed on the north aisle, the tie beams being carried throogh 
the arcade wall as described above. Three of the six tie beams of 
the nave roof, though they remained in their places, were found 
on a close examination to be completely burnt through at the ends; 
aud the wall plates, which were large pieces of timber, were found 
to be in many places so much decayed that it was necessary to 
replaee them, and the t size and weight of the timbers to be 
moved on the top of the injured overhanging walls, and the re- 
moval of aud substitution of new tie beams, caused some anxiety. 
Eventually, however, this was accomplished, and new plates and 
tie beams were inserted and framed, by means of wall pins and 
braces, to the tie beams of the aisle roofs, which had been pre- 
viously bxonght through the walls, and а stroug king-post truss 
formed ой each tie beam, the whole firmly bound together by 
strong wrought-iron straps, uniting the tie beams of the nave wit 
the principal rafter of the aisle roofs. 

Six large dormer windows were introduced ав а sort of clere- 
story at the east end, and as bat little light conld be got at that 
part of the church, being the part where the service is performed, 
owing to the adjoiuing buildings having been brought close up to 
the walls. On the outside the roofs are covered уі "тоор 
boards, felt and slutes, оп the inside with white deal, formed into 
pauels by mouldings, to cover the intersections aud jointe, and а 
moulded and embattled cornice fixed on the face of the wall plates. 
The whole of the internal boarding is varnished, without any 
stain. The building having been thus covered in, the shores, by 
which the arcade and external walls had been sustained whilst 
the roof was being re-formed, were struck, and though the walle 
and piers have been carefully watched, no further settlement or 
movement has been detected. : 

The internal masonry was now cleaned, and the chalk facing 
re-pointed. The tracery of the windows, which it was intended 
to retain, on examination proved to be impracticable, for all 
mouldings of the windows had been chipped off, nails driven into 
the joints of the mullions, round which twine bad been twisted, 
and the mouldings run in cement. The tracery also was ao much 
defaced, and so injured by decay, that it was found necessary to 
restore the whole, which has accordingly been done, and a careful 
and faithful restoration made in Portland stone, Тһе old tracery 
waa of several kinds of stone, principally Aubigny and fire stone, 
The graves with which the area of the church was covered, and 
of which many had beeu burst in by the falling of the roof tim- 
bers at the fire, were filled with concrete, aud tlie stone paving 
re-laid, care being taken to retain every old stone, including those 
in which brasses had been inserted, of which there is a goodly 
number, principally of Purbeck marble, but every brass bad 
disappeared. The eastern part of the church is uow enclosed by 
ап oak screen, and the pulpit, organ case, and seata required for 
the congregation, are constructed with oak. . р 

The east wall of the church now demands our attention; this 
was originally the arcade between the nave and the transept. 
Previously to the present restoration it was conoealed by a 
plaster screen before referred to, on which was painted the Creed 
and Commandments, and behind this, on ita removal, was fonnd 
another lath and plaster oonstruction, painted with a curious 
perspective interior. The removal of these screens revealed to us 
the construction of the east end, from which it would appear that 
the great arch which partly supported the steeple or fleche had 
failed, and that another inner arch and piers had been added 
beneath it. This was probably done when the spire was rebuilt, 
аһег it was thrown down in 1362. This inner arch we com- 
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pletely unmasked, and restored ав much of it as is left uncovered 
y the brick wall by which the east end of the church is enclosed. 
Externally, two only of the bays on the south side have been 
re-faced with Kentish rag stone, all the rest remain covered with 
plaster. No variation hus been made in the form of the church, 
except the removal of the old porch on the south side externally, 
and the substitution of another porch. With the view of obtain- 
ing light to the enclosed parts of the church, six dormer windows 
have heen formed in the roof. To both of these additions I have 
before alluded. 

Since the restoration of the church was commenced, a lar, 
area of ground has been excavated to the south of the church, 
towards the east of the present building, just at the point where 
the traces of the former transept may have been expected to have 
been found, but noindications whatever of any former building has 
been met with. At the east end, adjoining the church, is a 
house belonging to our fellow, Mr. Arthur Aslipitel, and there 
may still be seen in some recesses in this house the arch mould- 
ings on the east side of the arch which now terminates the church 
&t its eastern end. 

To a great extent I have in the preceding notes followed the 
memoranda which was left by my deceased coadjutor, to whose 
ability in conducting the works, and of whose unceasing interest 
in it whilst he still lived, I am glad of this opportunity of record- 
ing, and also of my own deep regret that so promising а member 


of опг body should have been so prematurely taken from us. | 


Allusion is made in Mr. Lightly’s remarks to the similarity 
between the Temple church and the Austin Friars church, and 
to the one having been built shortly after the other, but if Iam 
right the Temple church was built nearly a century earlier. The 
size of the two churches is very different, the Temple church, 
between the walls, beiug 58 feet by 82 feet, whilst the Dutch 
church is 80 feet by 150 feet. The former has also only five 
arcades, whilst the latter has nine. The height of Austin Friars 
church to the under side of the tie beams is 40 feet. 

The works of restoration were begun late in the autumn of 
1863, and the church was opened for pale services in September 
of last year—1865. The total cost of the work executed will not 
be less than £11,000. There still remains portious of the exter- 
pal masonry, and particularly the west front, and some of the 
buttresses on the gouth side, which require restoring and part 
rebuilding. It is the intention of the committee gradually to 
eumplete the work they have begun, so that it will be seeu they 
have responded cordially to the opinion so warmly expressed, 
ealling for the preservation of the ancient church. The work has 
cost already as much as would have sufficed for a new building; 
tbe outlay ia not yet completed, and the sacrifice in value of land, 
which might have been otherwise appropriated, ie at least equal 
to, if not more, than the cost of the works. Now this monument, 
which contains the mortal remains of some royal and many illus- 
trious meu, and which from its large size aloue entitles it to be 
called a noble building, will probably remain for generations tu 
come a record of former generations—of those times when large 
monastic establishments occupied a site now deusely covered with 
bouses devoted to the purposes of trade and commerce—and of 
the truly conservative spirit of the present guardians of the 
church, who, at по small sacrifice, have preserved the ancient 
church of Austin Friars. 


— 


THE NEW ATLANTIC TELEGRAPH SCHEME. 


Ox the 2nd nlt. a meeting was held at the London Tavern, of 
gentlemen interested in the question of luying the most efficient 
and economical lines of telegraphic communication between Eng- 
land and America and the colonies, and the advantages to be 
derived from the adoption of Macintosh’s system of constructing 
deep-sea cables. The Earl of Shrewsbury presided. 

The chairman said it would be needless for him to explain the 
causes that led to the failure uf the two attempts to establish this 
telegraphic communication by the Atlantic Company. They 
were too recent and too well known to those interested on the 
subject; the Atiantic Company, nothing daunted by their failures, 
were again in the field, and not only for the purpose of laying 
another complete cable, but with & contident hope of grapplin 
the one they had lately loat, repairing it, and completing a лее 
line to Newfouudland. Another company waa, һе was informed, 
in the coarse of formatian for carrying out what was called the 
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Northern route, and for which they had obtained the concession 
from the Danish Government, first granted to Colonel Schaffner, 
He believed it was their intention to lay a cable to Norway, and 
from thence to Labrador, 024 Iceland and Greenland, a route that 
certainly had the advantage of short sections. It would be seen 
from the advertisement calling this meeting that another candi- 
date was in the field, with another route and a new cable—not 
exactly a new cable, for his patent was dated some years back, 
but owing to the inventor Mr. Macintosh) haviug been con- 
nected with the Gntta Percha Compauy, his patents have been 
іп а manner tied up. He thought the best course to adopt on 
this occasion would be to give Mr. Macintosh the opportunity of 
explaining the nature of his cable and of the advantages which 
he claimed for it over other cables, electrically, mechanically, and 
commercially ; and then, taking those advantages in the same 
order, he should be glad to hear the remarks of any electrician 
present on the electrical properties ; and on tliat important part 
of the subject he had no doubt the meeting would prefer to hear 
the result of practical tests rather than theoretical hypotheses. 
He should then be happy to listen to the remarks of any tele- 

raphic engineer or cable manufacturer on the other points; and 
if any practical gentleman desired to make any remarks on the 
cables or routes, he had no doubt the meeting would be glad to 
hear them, and finallv, he boped that the discussion would be 
conducted with that temper and forbearance so necessary to 
enable them to derive abeolute benefit from it. 

Mr. Macintosh proceeded to explain the advantages of layin 

a cable direct from England to the United States, vid Falmout 
and Cape Cod. The proposed route was divided by shallow 
water into four parte—Chaucer's Bank, Milne Bank, and New- 
fonudiand Bank, so that in case of accident the cable could be 
readily recovered for repairs. The peculiarities of the Mac ntosh 
system of spiele telegraph cables consisted in using а new 
insulating material of superior efficacy to any known substance, 
which enables а rate of 80 per cent. more signalling power to be 
obtained tlian in the case of the late Atlantic cable. Áll exterual 
iron-wire sheathing, whether alone or in combination with tarred 
hemp, as in the late Atlantic cable, and all steel wire spiralled 
round the conductor, would be dispensed with, and thus one 
great source of danger and expense was avoided. The mechanical 
strength requisite for the cable was obtained from the materials 
employed in insulating its conductor, which material was applied 
in numerous thin coatings or films, under tension and a pressure 
of several tons, so that all superfluous weight was avoided, and 
such an excess of streugth was obtained that the cable would 
sustain twenty miles of its length in water; and three cables 
could be constructed by Macintosh's system for the price of one 
such as it was lately attempted to lay across the Atlantic. The 
conductor of Macintosh's cable consisted of a series of fine copper 
wires, laid longitudinally, and held together by the iusulating 
material; Ше cable was constructed in one continuous length, 
without welds or joints, and. when finished, was at once the 
smallest, lightest, least expensive, and most effective submarine 
telegraph cable known; and, moreover, it could be laid with a 
decreased risk of failure by the adoption of Mr. Macintosh's com- 
pensation apparatus for paying out cables with an uniform ten- 
sion in all weathers. The eoundings by the proposed route were 
very favourable, the cable could be made very inexpensively, and 
ita greateat safety would be in getting into the deepest possible 
water. He had not brought forward his project on the wreck of 
the Atlautic Company's scheme, for it was submitted to the 
Leeds meetiug of the British Association, nearly eight years ago, 
in the section over which Mr. tairbairn presided, and his opinion 
was that all deep-sea lines should be made with a conductor aud 
insulateralone, The result of experiments already made shows the 
weight and capabilities of equal lengths of the late Atlantic cable 
and of Macintosh’s cable іш the following manner : 


New Atlantic. Macintosh's. 

Conductivity in lbs. copper 300 1b. 300 Ib. 
Weight of insulating material 400 1b. 400 1b. 
Induotive reaistance in lbs. of . 

gutta-percha ... s Е 400 1b. 2000 15 
Diameter of cable р on 124 inch 4-іпоћ. 
Weight per nautical mile пан. ^ 35j сті. 6 owt. 28 lb 
Weight pernautical mile in water 14 сж. 14 owt. 
Specific gravity ... £1 ғы 13. 
Breaking weight Ag 11,000 fatha. ... 17,000 fatha. 
Weight of 2800 nautical miles 

of cable Е 5 4,111 tous. 718 tons. 
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From the above statement it will be seen that 2000 lb. of gutta- 
percha are only equal, for purposes of insulation, to 400 lb. of 
Macintosh's compound, and the respective cost of the materials 
per pound is at least three to one in favour of the compound. 

Mr. Macintosh said he could lay his cable down for £100 per 
mile,and he had madethat offer to the Atlantic Company. If they 
persisted in their old course he had no doubt that another line 
would be laid down long before their line could be completed. 

Captain Selwyn wished to know what sort of cable could be 
constructed for £100 per mile, and what would be the rate of 
speed? Would the cable be of the same length and with thesame 
speed, or of greater length with the same speed! 

Mr. Macintosh said the cost of the line to Newfoundland would 
be £100,000, and with the same sized conductor he could get at 
least 80 per cent. more еза power. 

Captain Selwyn regarded with interest the development of a 
new material of so much promise. He believed that the state- 
ments of the inventor as to the advantage of the material could 
be proved, and he considered it was as applicable to under- 
ground electric telegraph lines as submarine cables. The route 
proposed by Mr. Macintosh was one in which there was no deep 
water for any great length. The distance to the first sandbank 
was 900 miles, the next distance was 500, then came another 500, 
апа then one of 430. In no case was the depth more than from 
100 to 200 fathoms, so that the cable might be easily recovered 
if broken, aud the risk tc the shareholders was consequently 
diminished under any circumstances to 900 miles, which was the 
greatest loss it could incur. The Northern route had also the 
advantage of being divided into sections, but it had the disad- 
vantage of having nine shore enda, and all electricians knew that 
shore ends were the great difficulty. 

Captain Davis, as a nautical man acquainted with laying dcep- 
sea cables, would prefer taking the responsibility of laying three 
of Mr. Macintosh’s cables to one of the Atlantic Telegraph Com- 
pany’s cables. He remarked that, ав there was podia to рау 
for concession, the advisability of forming a company to carry ont 
the scheme was well worthy of conaideration. 

The chairman inquired whether Mr. Macintosh had any cer- 
titicates as to the electrical condition of the cable? Mr. Macin- 
tosh replied that he had those of Mr. Desmond FitzGerald and 
Prof. Miller. 

After a lengthened discussion relative to the various materials 
employed for insulation, Mr. Harry Lobb moved the following 
resolution:—“ That, having heard Mr. Macintosh’s statement, 
this meeting expresses confidence in theadvantages of his aystem, 
and of its applicability as а means of direct telegraphic com- 
munication with America and the colonies.” 

Captain Symonds seconded the resolutiod, which waa carried 
unanimously; and it was agreed that another meeting should be 
held for the purpose of further considering the matter. 

+ 


THE MONKS’ CHAPEL, NORWICH. 


Tue Monks’ Chapel, off Elm-bill, is the moat recent building 
of importance which has been erected in this city. It is the first 
erection for what will be a large missionary establishment, com- 
prising echools and cloisters, and an industrial home for the con- 
gregation of “St. William, the boy Saint of Norwich.” 

It stands 16 feet parallel to the longest side of the premises, 
and 10 feet from the north end; thus there is room for an aisle 
some day, when the intrados of the nave arcade will һе cleared 
away, opening four bays of 14 feet by 20 feet high. The but- 
tresses will then be carried over the aisle, and cut away from 
their present position. The ground on the other side is irregular, 
but the adjoining property is very narrow, so perhaps the aisle 
will be completed on the other side as well, some day: then the 
chapel will be 60 feet wide, interrupted by six pillars. It is now 
30 feet clear by 78 feet in length, 34 feet by 92 feet outside. At 
the north gable, where the tower will staud, there are sacristy and 
vestry on the ground-floor, and monks’ choir and orgau-chamber 
above; the gable is pierced with five opeuings to admit the sound ; 
these are screened from view by the baldachin over the high altar; 
the upper portion of thegable is panelled for freacées of the Annun- 
ciation, Manifestation, and Ascension. 

The monks reach the choir by a flight of stairs outside the build- 
ing, under which stairs is a doorway and е between the 
north gable and the raised footpace of the high altar. Under an 
arch which carries the super-altar are two doorways 4 feet apart; 
the wall between them, with the partition-wall between sacriaty 
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and vestry, as a buttress as far as the doorway communicatin 
between these two, forms the pier, which, together with the wall 


on which the slab rests forming the high altar, will, it is intended, 
carry ң spire of stone on marbie shafts, as canopy to the thrune 
and tabernacle. 

This passage also communicates with the opposite outside of 
the chapel, and by a flight of steps with the chancel floor, which 
is 4 feet above that of the chapel. 

The high altar, 10 feet in length, is raised on a triple footpace. 
A staircase leads behind the sedilia to the floor of choir aud organ, 
and on the other side of the chancel stairs lead from this fluor to 
the top of the screen, on which are the xmbones for the gospels, 
«с. These stairs are screened from view, and hidden by piers of 
chancel arch. The side altars are under the screen, which entirely 
covers them, forming two separate baldachins. 

The chancel-arch, 25 feet span, 40 feet high, is tied across on a 
level with the floor of the screen with an iron rod, and one 
reaches from the crown of the arch to this rol, and is partly 
hidden by the rood crucifix. The arch passes behind one of the 
principals of the roof, the framing of which is boarded. The first 

y of the nave is appropriated to lay choir, footpaces of side 
altars, and ascent to chancel. Jt is divided from the reat of the 
nave by a plain brick wall, leaving about 50 feet by 20 feet for 
the cougregation. The wall-plates are 23 feet, the ridge 50 feet, 
The clerestory windows above wall-plate are couplet lancets with 
a circular aperture above, entirely carried out in splayed bricks. 
The south gable is a handsome piece of brickwork, as the but- 
tresses which project inwards divide three archways, also tem- 
porarily blocked up. Over the centre one is a wheel window, 
over the side ones panels for frescoes. The tracery of this window 
consists of three lancets, over which is an elongated vesica, and а 
circle above, on either side of which two more vesicæ pisces, and 
а fourth on the top; the four spandrels contain drain pipes, which 
admit light aud reduce the heaviness. Тһе window is 9 feet 
wide, 13 feet high, and 14 inches deep. All mullions are 14 
inches; all the bricks next the light are splayed. The buttresses 
аге arched over it. 

The roof is framed like the pons asinorum in Euclid, and 
boarded and slated. АП arches are semicircular, and stilted on 
from one to four courses, excepting the chancel arch, which is 
three-quarter, and the lights in the windows aod the arch over 
the high altar, which are equilateral. The spandrels and arches 
of tbe nave overhang the 4}-inch pilasters 94 inches, and thus 
help the buttresses to keep up the roof. The style is simple and 
solid, and pretty evenly divided between Norman and First 
Poiated. “ Brother Brannock” was the architect; Messrs. Lacey 
and Son were the buildera. 

New Masonic Hall, Ipswich.—The New Masonic Hall in Brook- 
street, Ipswich, has been consecrated and opeued. The building 
stands back from the street, and abuts upon the passage leadin 
to St, Stephen’s-churchyard. It isof red brick, and has no extern 
pretensions to notice, The building consists of entrance-hall, ban- 
queting-room, lodge-room, ante-room, aud robing-room, а vom- 
mittee-room (upstairs), and a hall-keeper's residence, which fronts 
the churchyard. Тһе whole building is 93 feet in length. 
In the centre of the floor of the entrance-hall is а diamond stone, 
bearing in illuminated characters the names of the various donors 
whose gifts embellish the hall. There are various emblematic 
designs about the building. The lodge-room is 45 feet long, 22 
feet wide, and 17 feet high. At the eastern end is an alcove, 
consisting of two Doric columns of Parian marble, supporting an 
enriched arch, with pomegranates, lilies, and emblema pertaining 
to the various degrees in masonry, keyed іш with a masonic 
stone, in which is sculptured the All-seeing Eye, the radiations 
of which will, when finished, be enriched with gold. The canopy 
of the alcove is studded with stars, which will be gilt, on a ground 
of cerulean blue. The ornaments upon the span of the arch will 
also be in gold. A dais will be erected, on which will sit, beneath 
the canopy, the W.M. of the lodge and brethren who have qualified 
themselves to occupy that position, The means of lighting the 
room by day is by two large margin ceiling-lights, with masonic 
mouldings, aod fluted and coloured glass. At the western end 
is the organ gallery. The furniture of the room harmonises 
with its character. Masonic coloure—crimson, purple, and sky- 
blue—have been used throughout. The builder was Brother J. 
A. Pettitt. The stonework was done by Brother Chinnock 
(Tovell, Chinnock, and Co.); the gas, &c, by Brother Lucas. 
Brother C. T. Townsend designed many of the decorations. 
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THE ARCHITECTURAL ASSOCIATION. 

The ord’, fortnightly meeting of the Association was held on the 
2nd ult., Мг. NW. Sedi in the chair. Messrs. P. A. Hammond, 
E. Purdy, and C. E. Jones were elected members of the Association. 

Mr. Lemon then read his paper, as follows :— 


ON TEE PROSPECT OF IMPROVED DWELLINGS IN 
LONDON. 


By James LExoN, Assoc. Inst. С.Е. 

Tue object of this paper is to draw attention to the present 
system of constructing modern dwellings; and to offer а few 
saggestious which mny tend to check the present evils, and indi- 
cate the way towards the improvement of the domestic archi- 
tecture of the Metropolis. 

In the suburbs houses are springing up in all directions, yet 
how few, if any, have been designed by an architect, and are 
being erected under his superintendence. Does this not suggest 
а want of public confidence in the profession? But, says the 
architectural student, I have not turned my attentionto domestic 
architecture; there is not sufficient scope for the practice of the 
art: I wish to design a building which shall be at once an illus- 
tration of my professional skill. I would answer to this, that the 
young arcbitect may tind some difficulty in obtaining the area 
for the exercise of his skill which he thinks he ought to have; 
whereas he may easily build a house for his neighbour if he only 
shows him he is competent todo so, To return to the subject 
before us: what are the defecta, and the prospect of improvement? 

The freeholder, as soon as the increase of population causes a 
corresponding increase in the demand for houses, and his ground 
becomes eligible for building purposes, places himself in the 
hands of an agent, who uses every means in his power to let the 
land on lease, by the offer of liberal advances to builders as the 
works progrees; and in order to obtain as much ground ront 
ая possible, crowds as many houses upon thesite as he possibly can, 
to the great detriment to health of the subsequent occupiers. In 
some instances an architect is employed, but tins is the exception. 

The speculating builder who only takes ground where (Шеге is 
money advanced, in many cases, is deficient of the necessary 
capital to complete the houses, or even to roof them in, but has 
enough to pay tbe wages until the houses are floor high, the 
materials are easily obtained on credit. As soon as he obtains 
the first draw, he is enabled to refund himself the amonnt of the 
wagesspent,and also to go on until heobtainsa second advance, and 
зо on until the work is completed, if the houses let and sell readily: 
if not, the mortgagee forecloses, the builder, having nothing to 
lose, is well paid for his time and trouble, and the tradesmen who 
supply the materisla are left to suffer the loss, Although there 
are many instances to the contrary, where men of capital liave 
covered large estates in a satisfactory manner, yet, generally 
speaking, itis by this pernicious system that the suburbs of this 
Metropolis are being built. 

How then is it to be expected that the workman, or the small 
tradesman, or clerk, can obtain a dwelling ft for occupation, 
when the only object of the builder has been to erect the greatest 
amount of covered cubical space, which he calls a dwelling, at the 
least possible cost? I do not lay so much stress on the want of 
proper hoines for theclerks or other persons following a sedentary 
occupation, because they can live three or four miles from their 
office without much inconvenience, and therefore it is merely а 
case of supply and demand; but with the workman it is a very 
different matter, it is most advantageous to him to live near his 
employment, consequently he has no other resource but to 
inhabit the wretchedly-built, badly-drained, and ill-ventilated 
hovela which we see in all the poor districts of the Metropolis. 
The lamentable results of these wretched dwellings, bave been 
so accurately und forcibly shown by the public press, that it is 
unnecessary for me to recapitulate them. Е 

It has often been urged оп behalf of scamping builders, that 
the public who buy are alone to blame—if there were no buyers 
of cheap houses there would be no builders. That is true to а 
certain extent, but how many of the purchasers are in ignorance of 
the construction of the houses, and who are prevailed upon to buy 
by the plausible statement of the builder, that everything has 
been dove іш а substantial manner. Auother, and a very large 
clasa of buyers, are those who will buy anything which shows a 
good per-centage for the capital inveated: with those there is ошу 
one rewedy, and that is very stringent building regulations. 
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The general public have very erroneous ideas of the Bnildin 
Act, they imagine that the district surveyor is responsible for nl 
the atrnctural defects in a modern building, and therefore, if they 
are pleased with the arrangement and external appearance of a 
house they wish to purchase, they conclude that they are right 
about the walls and timbers, as the district surveyor has looked 
after all that. 

With the view of showing the defects in the regulations as to 
new buildings, I will give a short abstract of some of the evils of 
cheap building. I do not mean to say that everything is necea- 
sarily bad which is cheap, I only include those concealed parts of 
a building which are scamped in order to reduce the cost, and 
increase the builder’s profit. 

The foundation ia the portion of a building which should 
receive the greatest amount of care and attention, yet how often 
do we see it otherwise. The Building Act stipulates that the 
foundation shall rest upon the solid ground, or upon concrete, or 
upon other solid saperstructare, In practice it does not bind the 
builder to use concrete if the ground is solid, so that we have 
houses built upon clay, loam, aud other soils, without any pro- 
vision against damp by the insertion of damp-proof course, or 
slates in cement; the result is, the damp rises up the walls like 
the sap up a tree. I was employed about nine years since, to 
make an estimate for finishing some carcases at Notting-hill; 
when I found the damp had risen half-way up the lower story, 
the necessary precautions not having been taken in the constrac- 
tion. Another evil often perpetrated is the omission of proper 
apace under the lowermost floor for ventilation. I have known 
instances where the joists have been laid on the ground, and the 
footings cut away to receive the ends. Yet when this floor was 
laid everything appeared satisfactory, and if a surveyor examin- 
ing the premises neglected to have a board taken up he might 
be easily deceived as to Ше real state of the case. Хо building 
should be erected with less than one foot clear space under the 
ground joists, there should also be a connection with the external 
air back and front, so that there may be a direct current right 
through. Care should be taken that the ground does not rest 
against the walls above the level of the damp-proof course: pro- 
visions should be made for either an open area or dry area with 
good ventilation. 

Another defect of modern building by which the lives of the 
occupiers may be endangered is insufficient timbering. Modern 
builders have found out that the element of strength in a beam 
is the depth, and they have carried thia principle to such an 
extent, that we now see boards on edge made to answer as joista. 
I do not so much object to the deficiency in thickness in joists if 
they are well strutted ав to the want of sufficient depth in pro- 
portion to the span. Many persons are so ignorant of the 
strength of timbers that they have a stereotyped scabtling for 
joists, which they use for all spans in small houses. The result of 
such a system may be easily imagined, in some савез they have 
more than sufficient and in others the deflection is considerable. 
OF all portions of timbering there are none so often scamped as 
the lintels, and when we consider the small proportion they bear 
to the total quantity of timber in a building, it 1s surprising that 
men will injure the stability of a structure by crimping their 
scantling. Gutter plates іп V roofs also afford а grand oppor- 
tunity to the cheap constructor to save timber; it is unnecessary 
to state that he does not hesitate to avail himself of it, conse- 
quently iu a short time there is а permauert set; this is one of 
the causes of leaky roofs. 

Light rafters, of long span, are amongst the things to be 
avoided in construction. A really good, strong roof may be easily 
constructed by the introduction of a light truss, ог by trusain 
two of the rafters, and placing the purlin upon the crutch form 
at the junction of the strut with the rafter. By this means in 
small houses the span of the rafter is reduced to a minimum, 
and one of small scantling may be used with beneficial results. 
The coustruction of roofs by judicious trussing is a matter in 
which scientific knowledge will give the architect an immense 
advantage, enabling him to design a stronger structure with the 
same quantity of, and in many cases less, material. 

In the present mode of deaiguing shop-fronts the brestsummers 
are mostly formed of a baulk of timber, resting upon story- 
posts of small scantling, and in many cases without any ties to 
the joints, to prevent the entire froat from pitching into the 
street. About two years since an accideut of this kind occurred. 
It is a common practice to construct gutters of zinc or light lead, 
imperfectly laid, without sufficient turn-up under the slates or 
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tiles. With respect to zinc, I have not that prejudice against it 
which many members ot the profession have. I am of opinion 
that it is a material which requires to be better known to be 
more appreciated. It has been used in this country of a thickness 
which is almost unknown on the continent; hence the failure. 
If, instead of using No, 12 gauge for gutters, No. 15 or 16 were 
used, you would have a material which would last fifty years 
without repair, at one-third the cost of lead. 

Таш satisfied that we should have roofs which would keep out 
the rain more effectually than they do now on many of our 
dwellings, if more attention was paid to the disposition and fall 
of the gutters, if the number of drips were increased, aud the 
metal laid loose, and not fixed in any way, to prevent the expan- 
sion and contraction. Box gutters are much better than the 
gutters which are furred up on the rafters, as a better fall is 
easily obtained, and by reason of their yreater depth and less width 
a greater hydraulic mean depth, aud therefore increased velocity, 
thereby sweeping away deposits of loose mortar. 

The structural defects of our modern dwellings are too nume- 
rous to relate in detail iu а paper like the present. I must, 
therefore, conclude this portion of the subject, and pass on to the 
consideration of the defects of plan and design. 

The present mode of planning workmen’s dwellings is capable 
of considerable improvement. [ do not here include the various 
model dwellings, which have been designed by Mr. Darbyshire 
and others. I more particularly allude to those buildings which 
have been constructed without professional assistance, either on 
speculation, or with the view of securing a high rate of interest 
for the money expended. 

In the districts of Bethnal Green, Bermondsey, and some 
parts of Lambeth, we find dwellings in a most deplorable state. 
They were originally built for oue family, but are now occupied 
by several. I know it would be a difficult matter to prevent the 
tenants of small houses sub-letting, but it is a question which is 
seldom taken into consideration when the houses are planned. 
When it is known that the locality will not command tenants, 
who are in a position to pay the whole of the rent of the house, 
and in order to do so they must sub-let, why not construct the 
dwellings for two or more faniilies, and let each have the 
necessary conveniences for domestic comfort. 

In the modern houses of Paris, the workman can obtain 
one, two, or more rooms complete in themselves, at a very 
moderate rent, whereas in our Metropolis, he must pay a higher 
rent for wretched apartments and no accommodation. Oue of 
thedefects of plan I wish most particularly to point out is the system 
of designing two rooms with only one entrance to the passage, 
во that the occupants of опе room must pass through the other; 
also, the common mode of placing the back kitchen as an out- 
building, во that, in order to go into the garden or yard, the 
occupiers of the other rooms must pass through it. 

ith rogard to basements, I am of opinion that they are 
objectionable in any case; but, if unavoidable, they should be at 
least half their height above the level of the street, and should 
not be less than 7 ft. 6 in. high in the clear. Amongst the 
disadvantages of basements, [ may mention that they entail 
increased cost of drainage of towns. For example, in South- 
ampton there is an annual expense for pumping, solelyon account 
of a few basements, which induced the surveyor to place his 
sewers at a lower level than he otherwise would have done 
Why architects and builders should have such a great desire to, 
o down below the level of the street with their rooms, and 
ботов under the earth like the North American Indians, I 
caunot conceive. There is plenty of room upwards. Streets in 
time are raised above their old level; therefore to obtain that 
amount of light and air so necessary to health, by all means 
keep your buildings well up. It is argued that you cannot 
obtain the necessary offices without basements, but iu answer to 
that, I would say, iu town houses they can be much better dis- 
posed оп а mezzanine story. They are equally easy of access froin 
the street, and are more centrally situated with regard to tle 
other rooma; also the ground story шау by that menus be used as 
а shop, as in Paris, entirely distinct from the other portion of the 
house. Then again, it is a custom to use the basements for 
stores; of course, if you go down with the walls to get a good 
foundation, it is economical to utilise the space; but why not 
utilise the space in the roof? То the medisval buildings of some 
parts of France aud Germany, the attics were used for the pro- 
viaion of grain and other stores, where they were kept dry (the 
roofa being strongly built did not let the rain through); we, ou the 
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contrary, place our stores in the cellars, where they, in many 
cases, become damp and musty. 

It is extremely desirable that each living room should be pro- 
vided with a good larder connected with the external air by 
means of an opening fitted with perforated zinc; also sufficient 
space for one ton of coal, not underneath the larder аз іп Peabody- 
square, which I think objectionable; a good sink and sufficient 
water-supply are also important, if of rain water, as well as spring 
or river water, so much the better. It is to be regretted that the 
question of storing the rain water does not receive that amount 
of attention which it merits; it is very useful for washing 
purposes, and, according to Mr. Rawlinson and others, would 
effect а large saving in soap. 

The cooking arrangements іп the houses in London are much 
neglected; there are now many smail ranges and grates manu- 
factured, which can be obtained at а low price, and are much to 
be preferred to the old-fashioned stoves in ordinary use; the 
ecouomy of fuel is a subject which should engage the attention of 
every architect. у | . 

The planning of bedrooms also requires more consideration 
than is usually bestowed on the subject, the position of the bed 
should be determined, and not left to chance; I think the French 
plan of placing it in а recess has some advantages, because it 
enables a person in indigent circumstances to make one room 
вегуе the purpose of two, as the bed can be screened from view 
by folding doors or by curtains, and at night the occupants have 
the benefit of a much larger cubical space than can be obtained 
in the ordinary-sized bedroom. With regard to the cubical 
space necessary for a bedroom occupied by two persons, I am of 
opinion that it should not be less than 1000 feet, although the 
rooms in the model dwellings designed by Mr. Darbyshire contain 
less than 800 feet each, and the rate of mortality is very low. 

I now come to а portion of my subject upon which I hold 
somewhat strong opiuions, viz., ventilation. 1 consider that it is 
of as much importance that some means of exit should be pro- 
vided for the vitiated air, as that a fireplace should be provided 
with a flue. Every architect should make himself acquainted 
with the principles of ventilation, and not put himself in the 
hands of patentees, some of whom know very little of the subject, 
and endeavour to give a scientific colouring to their inventions 
by elaborate diagrams, and all kinds of complicated contrivances. 

Ventilation in an ordinary building is really a simple matter, 
and only requires a knowledge of natural laws to greed 
carry it out ata small cost. Шао outlet he provided from вас 
room into a flue adjoining that from the fire, so as to create an 
up-draught, the vitiated air being at a high temperature will 
pass off, and fresh nir, wbich may he introduced nt the lower 
portion of the room, will supply its place. I believe a 3-inch 
cast-iron pipe fixed in the chimney flne, iron being a good con- 
duetor of heat, would answer admirably; or an iron flue from the 
kitchen in a brick chamber, as adopted at the Langham Hotel, І 
have no doubt would answer very well. | 

In the planning of improved dwellings in London, in my 
opinion, there is an objection which makes them less popular 
than they otherwise would be, they are too much like a barrack, 
several families are mixed up together, and there is a want of 
privacy which is distasteful to the English feeling. They are 
likewise as at present constructed ill adapted for children; a 
great number of rooms being placed on a floor, with one corridor 
common to all; in the event of the appearance of those contagious 
diseases to which children are liable, there is considerable danger 
of the whole of them being affected. With regard to the arrange- 
ment of the conveniences some objections may certainly be raised. 
I consider that in improved dwellings not more than eight rooms 
Should be placed on a floor common to one staircase, they can be 
80 planned that four rooms can be let to one family, and form as 
it were а small house, with an inner hall communicating with 
each room; also а separate water-closet, space for coals, larder, 
aud other conveniences. Such buildings I am convinced could 
Le built to pay 7 per cent. interest on the capital invested, and 
would be eagerly sought after by good tenants. Another plan 
of constructing improved dwellings is what is called the external 
gallery system. This mode has some advantages, for instance, 
there is more privacy than in the corridor system; ou the other 
haud there is a deficiency of window light from the projection of 
the galleries; likewise the convenience of a drying room and 
bath rooms, which Mr. Darbyshire has placed in the top story of 
the houses іп Peabody-square, is not во easily obtained. 

1 believe that those gentlemen who have erected model dwell- 
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ings on expensive freehold sites have deterred capitalists from 
taking up the subject. Many of the buildings so erected рау во 
small а per-centage, that persons who have embarked in the 
scheme have done so from pure benevolence. To the credit of 
the poorer classes in this country, there is an intependence of 
character, which causes the idea of living in houses erected by 
charity, aloue sufficient to prevent many from occupying ћеш, 
The capitalist should adopt the same means which he would if 
he were to build any other structure purely for investment; that 
is to say, select a piece of uncovered ground at а reasonable ground 
rent, on a long lease, and erect his СРС аба thereon by contract. 

With respect to design in an artistic point of view there 
ia much to be done. I fear the public are not suiliciently 
educated to appreciate art-work; they know that a picture or a 
statue is a work of art, but they do not know that a building 
may be, or ought to be, equally 8o: they weigh only their market 
price, that is to say, the cost of the material and labour, and the 
profit thereon; they do not appear to understand that a building 
produced by an architect, who is an artist iu every sense of 
the word, ін ав priceless ав the works of a painter or sculptor, 
and should be paid in proportion to its artistic value as a work 
ofart. In treating my subject I have not placed architecture as 
an art last on my list, hecanse I think it of secondary importance, 
but I have merely followed the ordinary professional custom, viz., 
the plan first, and the elevation afterwards. If we criticise the 
ordinary outline of our dwellings in the Metropolis, we shall 
find them to resemble во many square blocka, with openings 
therein for doors and windows: there is a total abseuce of shadow 
and relief, all is bare and monotonous; and to repeat the words 
of that celebrated critic, the late Cardinal Wiseman, one could 
imagine that the builder's bill was as follows:—To one house as 
per pattern, во mnch money; to ditto ditto, во much; and во on. 

must confess there is an amount, of truth and honesty in a 
Gothic dwelling which does not екіні in those plaster abomina- 
tiona which we see in the subnrbs of London; in the one case 
the architect or builder has constructed his ornament; and in 
the other he has endeavoured to ornament his construction by 
covering an inferior material with cement, io imitation of stone; 
and what is worse, has attempted to reproduce the grandeur and 
refinement of Greek and Roman architecture, withont any know- 
gledge whatever of their beauty of proportion. I kuow of nothin 
more melancholy than the decay of some of our squares nnd 
streets, which were once considered respectable, built in а style 
which requires constant renovation in the shape of painting or 
colouring. Directly the new gloss has disappeared the occupiers 
begin to think of moving to some more enticing quarter, whereas, 
if they had been designed, as some of our medieval domestic 
buildings were, with hovest materials, without апу attempt to 
conceal the constructive features, they would have mellowed 
with time, and improved with age. 

Amongst the defects which are most notable is the common 
practice of placing piers over openiogs in the arrangement of the 
elevation of the first loor. Then again, there is a want of effect 
in the sky-line by the introduction of high parapets and М roofs. 
Why concealthe most beautiful feature of a building 1— that is to 
say, if well treated. Why not bring the roofs boldly forward to 
public view, and not hide them behind a high wall, as if you 
were ashamed for any one to see them? Not wishing to slave- 
ishly copy medieval domestic architecture, still, I think, with 
the many improved materials which we now have, which our 
forefathers had not, we ought to be able to produce a convenient 
honestly-built dwelling, in an artistic form, at a moderate cost. 

With regard to materials for cottage building, I wish to 
call attention to Portlaud cement concrete. The manufacture 
of Portland cement has now arrived at that state of perfection 
that its use is greatly extended. Portland cement concrete 
blocks have been substituted for masonry in the construction of 
sea walls, with most satisfactory results. Mr. Hawkshaw has 
found it to answer the purpose admirably, both in England and 
on the continent, and I believe he is about to carry out extensive 
works with Portland cement concrete blocks, without any facing 
whatever, which will be exposed to the alternate action of sea- 
water and the air. The inference I draw from this is, that 
concrete might be more extensively used for walls of our dwell- 
ings iu lieu of brickwork, at half the cost. It is certainly a 
material well worthy of trial, as it would make a most important 
difference in the cost of workmen’s dwelliugs. The question of 
improved building materials has been so well treated by 
Mr. Mathews,* that I feel I can add nothing, and therefore 
am well content to leave it in his hands. 
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Having, to some extent, pointed out the present defective 
mode of building, I will now give my ideas as to the means which 
should be adopted to effect some improvement. 1 confess that I 
see very little prospect of improvement under the present mode, 
but if the architectural profession generally, more especially the 
younger members, will give the question their consideration, 
with a view to reform, I think they may effect a radical change. 
I consider that no building, however small, should be erected 
without the assistance of an architect; but you will naturally say, 
the fault does not rest with the architect; he would only be too 
willing to extend his practice if the public would employ him. 
Herein lies the gist of the whole question. Тһе architect must 
show the public, who now dispense with his services, that it 16 
to their interest to employ him. Then how is this to be effected? 
I submit that it is to be done hy enforcing a higher standard of 
education, and by giving the young architect greater fucilities for 
acquiring a practical knowledge of the details of his profession. 
Architectural students are not deficient in artistic skill, as the 
drawings of our Class of Design bear witness. I wish I could say 
the same of their constructive talent. I admit that the chief 
thing an architect has to acquire is a thorough knowledge of 
drawing, but still he must not forget that drawings are only the 
means to au end; it is the buildings themselves by which he will 
be judged hereafter, when the drawings are, perhaps, mere waste 
paper. 

It is very essential that an architect should have а thorough 
knowledge of the nature and value of buildings materials; also 
the value of labour, as I know from experience that the rock upon 
which an architect is often wrecked, is the estimate. Nothing tends 
во much to secure the confidence of a client as a correct estininte; 
many persons have told me they prefer to buy & house, to have 
oue designed aud built under an architect, because it is sure to 
cost more money than they anticipated or were informed by their 
architect. Next in value to the employment of an architect, as а 
general rule, to design our dwellings, I would place more stringeut 
building regulations, and, in fact, what is required, is a thorough 
revision of the Building Act. I ат орровей to restrictions 
generally, ая they are in some cases impediments to business, but 
it is absolutely necessary in building if we wish to improve опг 
dwellings. The Building Act answers the purpose for which it 
was сат framed, viz, the prevention of damage by fire; 
but as regards the durability of buildings, the strength of timbers, 
and sanitary precantious, it is eadly deficient, 

The Local Government Act is in some respects a much better 
measure, as it gives powers to local boards to make bye-laws as to 
the regulation of buildings. In some towns builders are obliged 
to deposit plans for approval; also ventilation is made compulsory; 
and in a few cases the builder or owner is obliged to obtain the 
certificate of the surveyor that the house is tit for occupation, 
before he can let it. 

I Вера we shall soon see some reformation in this respect in 
the Metropolis, I think that it would be beneficial, if builders 
and others before commencing to build were compelled to deposit 
a plan of the ground story, a front elevation and transverse 
section of the proposed building, for the approval of the district 
surveyor; it would then be the duty of the district surveyur to 
examine such plans, and, if satisfactory, give notice to the builder 
to proceed. By this means, we should secure one important 
point. viz., that all persons before building would be obliged to 
prepare the necessary plans, and not build by rule of thumb, as 
in many enses they do now. They would to а certain extent be 
obliged to engage professional assistance, which is a step in the 
right direction, and would certainly lead the way to better things. 
By an extension of the preseut powers the distriet surveyor 
would be in a position to remedy the defects of modern buildings 
pointed out in this paper. 

With reference to the supervision of buildings during their 
progress, there appenrs to be room for improvement in many 
ways. District surveyors should devote their whole time to the 
subject, and be paid by salary, according to the district, aud not 
as at present, by fees, The present system is objectionable in 
various ways; the district surveyor in private practice is necessa- 
rily unable to give that attention to Ше matter which he would 
do if he had no other duties to perform. Хо man сап engage in 
two separate occupations, and give each that amount of study 
which he would do if he had only one. Then again, the payment 
by fees direct from the builder places the district surveyor in a 
false position; it is certainly an anomaly that an officer should be 
paid by those over whom he is expected to exercise control and 
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supervision. Certain fees must necessarily be charged the 
builder, but they could be paid to the Metropolitan Board of 
Works when the builder receives the order to commence, andhis 
plans are approved of. The district surveyor should also have 
an efficient staff of assistants under his control, so that a proper 
and regular supervision of buildings could be maintained, whereas 
at present the supervision is most imperfect. I do not cast 
any blame on those gentlemen who hold the position of district 
surveyors, the majority of whom are an ornament to their 
profession, but they are the exponents of a bad system. Neither 
do I wish to propound schemes which would impose duties upon 
those gentlemen, which I am not prepared to carry out пей ^ 

Before concluding, Г must urge upon the younger members of 
the profession the deeirability of во extending their professional 
influence, that the public may rate their services at their proper 
value. lam not oneof those who would stay the making of new 
streeta, new railways, and other improvements, because they take 
down old dilapidated hovels which are occupied bv the working 
classes. I hope that the work of improvement will go on; that 
new lines of aération will be opened up through the courta and 
alleys which now disgrace this Metropolis. It is one of the 
principles invariably followed by railway companies and by other 
publie bodies, in forming new streets, to pass through small 
ooperty, from motives of economy,—it is well it should be во. 
Vithout these improvements, and the consequeut demolition of 
small houses, the question of improved dwellings in London 
would never have been raised. Out of evil comes good. The 
poorer classes are at present put to much inconvenience from the 
loss of their homes, to which they had become associated, and 
were of course very loath to leave. Rents have increased, as they 
always will do, in proportion as the demand is greater than the 
supply. But an impetus has been given to the movement; a 
desire has been evinced by many that the position of the working 
classes in London should be improved; and if the capitalist 
only see, which I feel he must do, that the erection of improved 
dwellings is a good and safe irvestment, we may look to the 
future with fair hope of success. By improving the homes of the 
workman you raise lis social standiug, you imbue his mind with 
thoughts of emulation and industry, and excite him to feel that 
he may improve himself, aud thereby improve his position. 
There is по doubt that this is an indirect means by which the 
mechanical skill of the workman may be increased, that with a 
better social standing we may ultimately obtain that which is но 
necessary to improve our architecture, viz., а race of art workmen 
having a love for the calling they pursue. 

What the condition of this Metropolis is to be in another 
decade will depend on the architectural abili.y, business tact, 
and perseverance of the architectural profession. I trust the 
younger members, to whom we look for the future status of an 
architect, will study architecture as an art, as а science, and as а 
business. If they do so, assisted by more stringent building 
regulations, I think we may say we shall have a very fair prospect 
of improved dwelliugs in London. 


Mr. BrasHILL observed, that the present unsatisfactory state of 
London dwellings was mainly owing to speculative building, a system 
which, however bad it might be, was in some ways found convenient. 
He thought the sooner worlinen's dwellings were removed from the 
Metropolis the better. In the immediate ueighbourhood of valuable 
warehouses and public buildings there often existed houses in à wretched 
state of repair, each inhabited by & number of different families. In the 
course of events these houses got worse and worse, till they were pulled 
down, and other buildings more suited to the locality erected on their 
sites. But what, he asked, becomes of the working inen thus driven 
out! It seemed certain that large blocka of houses, like those erected 
out of the Peabody fund, were not а good investment for money. Не 
(Mr. Blashill) had examined the report issued by the managers of the 
Peabody fund, and found that the buildings in Spitalt&elda were only 
vielding а return of one-half per cent., he Lowever thought it possible 
that there might be information not given inthe report which would 
modify this conclusion. Не considered that the provision of dwellings 
for working people would only be provided when a hope of sufticient 
profit existed, Property let to working шеп furnished as good security 
us that occupied by апу other claas of the community, as he had lately 
seen in examining the accounta of a society for building workmen's 
houses, which had а rent roll of several thousand pounds per annum. 
The loss through bad tenants was not 10 per cent. All houses in 
London were built with the intention of being occupied by one family 
only, whereas, in fact, they were frequently occupied by several different 
families. It seemed desirable to acknowledge this fact, and build accord- 
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ingly, ав people would enjoy more real privacy by living in seperate 
flats, than they do under the present aystem. À large number of persons 
would always desire to live and sleep in the centre of London, and 
blocks of dwellings for all classes were therefore required. Мг. Blashill 
observed that inaccessible closets and spaces should be avoided in house- 
planning, as they tend to harbour dirt and disease. He moved а vote 
of thanks to Mr. Lemon. 

Мг. Роттев seconded the vote of thanks. He thought it desirable 
workmen should, if possible, be enabled to live in London, and altho 
important thoroughfares like the Strand could not be used for Peabody 
houses, the сгова streets might be available for such a purpose. 

Mr. GILBERT Reveravg referred to the valuable labours of the 
Society of Arta, with regard to workmen’s houses. A committee of that 
body had arrived at the conclusion that it was not likely to be profitable 
to build such houses in London; Бе however thought having workmen's 
towns in the suburbs might succeed. From a number of reporta he had 
examined some years ago, he had found that 4 рег cent. was the highest 
rate of interest received on new buildings of this class, while the average 
was barely 24 per cent. In the barrack system, he believed, what people 
most objected to waa baving the staircase in common, perhaps the diffi- 
culty would be obviated by having external staircases and galleries. 

Mr. J. Н. Cunretian said that the barrack system seemed to be 
repugnant to the English feeling of independence; perhaps the barrack- 
like appearance might be removed if the galleries were made broad 
enough to give the idea of a street; this would make it practicable to 
introduce small shope. Не had, however, little faith in the system, and 
rather favoured the plan of workmen going out of town, to which he did 
not see any reasonable objection. He could not reconcile the low return 
received fur the new workmen’s houses, with the fact that housea let by 
single rooms to poor tenants are very paying property. He could not 
understand that if new houses were erected on the sites of old ones, such 
as exist between Oxford-street, and Charing-croes, а return of 5 or 6 per 
cent. could not be realised. This per-centage would not attract specu- 
lative builders, but it might satisfy a large class of philanthropists. He 
believed cottages would yield a better return than the large barrack 
buildings, which require thick walls, and fire-proof floors and stairs. 

Mr. Ковти coincided with the previous speaker as to the demerits of 
the barrack system, and confirmed from experience the profitable character 
of old weekly property. If, however, this property were rebuilt, it could 
иа е closely packed, and а less return would consequently be 
obtained. 

Mr. J. D. MaTHEWS thought speculating builders taught architects 
how houses could be built to pay. Тһе question to solve was, how to 
build cheaply without building badly. Mr. Fowler, in his presidential 
address at the Institution of Civil Engineers, had advised young men to 
вве first how cheaply a structure could be produced, and then how expen- 
sively. In the suburbs there were many neat houses with віх or seven 
rooms, which let at annual rents of £20 or £25, which were sometimes 
built (badly enough no doubt) for £130 to £160. Whereas, if an archi- 
tect were employed, a similar house would not be built much under 
£300. The builders’ house contained bad materiala, but on the other hand 
there was a vast amount of meretricious ornament, which wasbyno means 
necessary. This waste in ornament should enable architecte to compete 
successfully with speculating builders; many pieces of good construction 
are often too good for the purpose required. In building on leasehold 
property, he did not consider they were bound to study the interest of 
the ground landlord so much as that of their own client ; as for instance, 
on & piece of land held by land for forty years he did not think they were 
bound to erect a house to last 300 years. Мг. Mathews went on to 
show that, though houses built by speculating buildera might be cheaper 
at first than those erected under an architect, still in the former case a 
constant outlay was required for repairs. He stated his opinion that, the 
more stringent building regulations were made, the more they would be 
evaded by that class for whom they were specially framed. 

Мг. Rippetr called Mr. Mathews’ attention to the fact, that all 
leases from ground landlords stipulated that the houses should be built 
substantially. : 

The President considered it would be a great hardship to the work- 
men to be obliged to come 8 or 10 miles daily to their work. In all 
matters pertaining to working men, it was most desirable to secure their 
own co-operation as much as possible. In visiting builders’ yarde he 
had been struck by the vast extent of ground covered with low one or 
two storied shops or stabling, and it had occurred to him that these spaces 
might be made more available, and productive of greater profit, by the 
erection of buildings containing workshops on the ground-floor, the upper 
portions being devoted to dwellings for the workmen. The President 
put the vote of thanks, which was carried. 

Мг. Lexon, in reply, sid, the question of workmen's dwellings seemed 
to turn on the per-centage obtainable. He certainly thought good houses 
could be buit to pay well. He disapproved of the barrack system, and 
of the action of philanthropic societies; the natural law of supply aud 
demand must be trustel to. He considered building on uncovered 
ground more likely to be remunerative, than pulling down old houses 
and rebuilding. Не had examined the houses of speculating builders, 
and was sure that architects could егесі better buildings at the same 
or at a slightly increased cost. 
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THE GAS SUPPLY OF PARI&* 
Ву С. В. Вовмем, C.E., F.GS. 


Amongst the wonderful adaptations of physical science to the 
daily usages of life, there is hardly one which is calculated to 
excite greater attention than the application of carburetted 
hydrogen gas to the purposes of illumination. It is essentially a 
discovery of modern times; for there must be many here present 
who can recollect tha “darkness visible” that enshrouded London 
streets in the days when oil lamps were in vogue; but we get so 
гооп accustomed to the enjoyment of luxuries, that very often the 
first steps that attend their acquisition are forgotton, and we 
take them as matters of course. Somewhat of this kind of 
reasoning has been adopted with respect to the use of gas; and 
the public are inclined to expect that the manufacturers of this 
article, which has now become almost a necessity of life, should 
give them the benefit of their experience, without taking into 
account the cost they must have incurred in acquiring it. The 
discussions that took place on the occasion of granting the new 
concession for lighting the city of Paris, and the movement that 
is at present going on in our own Metropolis, seem to have been 
marked with this spirit; and though the Paris Gas Company has 
воссее Чей in obtaining what may be considered as favourable 
terms in return for the supply of gas, yet tho inhabitants of 
London evidently are disposed to expect that the companies 
should supply them at such prices as would hardly leave them а 
fair profit. It therefore struck me that a statement of the con- 
ditions under which the Gas Company of Paris have contracted 
to supply the town with that article of consumption might be of 
interest, if only to enable the engineer to compare the systems 
adopted in tlie two countries with respect to public works; the 
more especially as it would appear that considerable mis- 
apprehension exists with respect to the rights and privileges of 
our neighbours in tliis particular matter. It is proposed also, in 
the course of this paper, to notice the pointe wherein the manu- 
facture and distribution of gas in Paris differ from those which 
are followed in London. 

The formation of the one gigantic monopoly that has the 

rivilege of lighting Paris took place in this manner. There had 
n several companies that were formed for the supply of the 
city, which had, from tle period of their first establishment, 
enjoyed a species of districting arrangement, as we should call 
it, and they agreed to merge their separate capitals in the six 
companies that had treated with the municipality in the month 
of December 1846. In the year 1852, when the empire was first 
established, the government thought it to be its interest to 
encourage the formation of great companies who should possess 
the means of employing large numbers of workmen, and give rise 
to the profitable investment of capital. The hygienic effect of 
the establishments for the manufacturo of gas іп the interior of 
the city also weighed with the government; and they were 
desirous that at least three or four of these should be removed 
from their original positions iu the centre of the town. Under 
these circumstances it was suggested to the shareholders of the 
віх companies that their union would be received with pleasure; 
and then that their application for the prolongation of their 
concession, which expired at the close of 1863, might be enter- 
tained, upon conditions that were to be the subject of future 
deliberation. The consequence of this proceedirg on the part of 
the government may be described, in substauce, to have been 
that the concession for lighting Paris was granted to the 
united companies on these terms. Тһе three establishments in 
the interior of Paris, at the Avenue Trudaine, the Rue dn 
Faubourg Poissoniére, and the Rue de la Tourdu Temple, were to 
be suppressed, and their manufacture was iu future to be con- 
duoted in the new gns station that was to be erected at La Villette. 
The canalization of the interior of Paris (understanding by that 
term the lines of mains and distributing pipes) were to be altered, 
and made so as to correspond with the probable future demand 
upon them; the company agreed to pay the town the sum’ of 
£8000 for the privilege of laying their pipes in the public ways; 
also it ngreed to pay the town two centimes а metre cube, or 
about 54d. рег 1000 cubic feet, as a compensation for the octroi 
dues; it moreover agreed to share the profits of the working 
above 10 per cent. with the municipality of the city of Paris after 
the expiration of the first sixteen years. 
The material and plant that were employed, and all the land 
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and buildings devoted to the manufacture, were to remain the 
property of the company at the expiration of the lease, which 
was fixed at fifty years from the lat of Jannary, 1856, and the 
company bound itself, іп the meantime, to alter the position of 
their mains, &c., whenever the town might require to execute 
works for the water supply, sewerage, &c.; во far, indeed, has the 
lease forseen the probability of future operations of this 
nature, that it provides for the company's removiug their pipes 
into any subways that the town muy construct, without thereby 
giving rise to auy claim for compensation. For these terms the 
company agrees to supply gas for the public lighting at the 
following prices:—There are three sets of flames, that are 
respectively 2% inches wide by 1j inch high, which is paid рег 
hour, 0015; 28 inches wide by 14 inch high, which ia paid per 
hour, 0021£; and 3,5. inches wide by 148 inch high, which is 
paid per hour, 0030É When the gas is sold to the town by 
metre, it is paid for at the rate of 0'15f. the metre cube, or about 
3s. 434. per 1000 cubic feet; the vompany is obliged to fix, paint, 
and repair the lamp posts and candelabra, but the town furnishes 
them. For private consumption, the company was entitled to 
charge for the gas supplied at the rate of 0'30f. per metre cube, 
or about 64. 834. the 1000 cubic feet, upon agreement of three 
months’ date, terminable at the option of either party; but the 
parties so receiving the gas cannot employ it without the pro- 
duction of the certiticate of the person employed by the towr. to 
examine (and who exercises the rizht of approving) the fittings 
and other apparatus. The company is at liberty to modify the 
terms of payment, in this sense, that it is allowed to receive the 
payment in monthly sums, but this must be on the condition 
of its being paid in advance. No subscription whatever can be 
refused by the company, provided the demand be drawn up in 
accordance with the model thnt is approved by the municipality. 
The cumpany is at liberty also to charge at so much per hour, or 
by the metre. А model of each set ог series of meters is depo- 
sited at the town hall, and every meter must correspond with the 
details of these; thev are bound to be verified as often as the 
administration may require. All expenses attending these 
meters nre at the cost of the consumer, whether in the first place 
or in the subsequent maintenance of them; practically, they all 
come from the stores of the gas coinpany. It is to be observed 
that the gas company is not bound to deliver gas to the private 
consumer at other periods than those in which the mains wonld 
be under charge for town lighting. It was moreover stipulated 
that if during the period of fifty years, for which this lease was 
granted, there should be discovered any new system of lighting, 
the gas company should be bound to introduce it, under con- 
ditions that were to be fixed by the municipality; or the munici- 
pality reserved to itself the right of grauting a fresh concession 
for the new system of lighting, without being bound to com- 

eusate the company in any way whatever. There are in the 
fonse various provisions as to the amount of coal, &с., that the 
company is obliged to hold in stock, and as to the payment of the 
mains, valves, cocks, syphons, &е., that are placed in the public 
ways; these are estimated, in block, to be worth the sum of two 
millions of francs, or £80,000, which sum would have had to be 
paid to the company, іш case of the town taking the coneession 
into their own hands, or at the expiration of the concession. Tho 
quality of the gas is provided to be such, that a lamp of the first 
series mentioned, which would consume 100 litres per hour, 
should give a light equal tó 077 of a carcel lamp burning 
42 grammes of rape oil in the hour; for the lights of the second 
catezory, burning 140 litres an hour, the light is to be equal to 
1:10 of that above given; and for the lights consuming 200 litres 
in the hour, it is provided that they shall lead yield 172 of the 
light of а carcel lamp described. It may be stated that this 
standard corresponds very nearly with the English one, of what 
we should call seven sperm candle gas. 

To enable anyone to appreciate the position that the company 
occupies under this contract, it is necessary to observe that the 
coal used in Paris is mostly of Belgian and north of France 
origin; a small portion of caunel, or boghead, is only introduced 
when the illuminating power of the gas is below the standard. 
The avernge yield of this coal is about, per hectolitre (according 
to the figures that were published by the company in the course 
of the discussion that took place before the treaty was signed), 

ав, 22°94 metres; large coke, 31:11 kilogrammes; breeze, 12707 

ilogrammes; tar, 4:50 kilogrammes; and ammopiacal liquor of 

the value of 0:036 francs. The quantity of ammonia compounds 

that are present in the coal is considerable, and the company is 
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obliged to exercise great precaution in ensuring the purification 
of the gas, in order to comply with the clause in their treaty 
which provides that the means they adopt for that purpose 
should be the best that are known. Yet with all these drawbacks 
upon the commercial results of the operation, the Paris Gas 
Company has always paid a good dividend, and the last dis- 
tribution of profits was at the rate of 19 per cent.; whilat 
the average rate appears to have been of about 16 per cent.; 
а result that would cause great heart-burnings with the 
municipal reformers and the political economista of our own 
country, who will not allow any company to divide more than 10 
per cent. 
вһаге capital, 4,000,000 franes, and of bonds of the company 
about £3,200,000 sterling; or, in all, about £4,000,000, for a 
total population of 1,600,000 persons, which would make the rate 
at which the gas service of Paris is performed about £2 10s. per 
head of the inhabitants. This calculation however is somewhat 
in excess of the facta of the case, as the company has lately 
undertaken to supply some of the external villages of the Depart- 
ment of the Seine, such as Romainville, Pateaux, Charville, St. 
Denis, Maisons Alfort, &c., which form the subject of a separate 
treaty; but the above calculation may be taken as representing 
the proportionate price that is incurred in this service. It may 
be added that the price that is agreed to be paid by the com- 
munes beyond Paris for the lighting is, for the public lamps, 20 
centimes per metre cube, or about 4s. 334. per 1000 feet cube; 
for the private lighting, 40 centimes per metre cube, or 88. 7d. 
per 1000; upon a descending scale that may reach finally, 6s. 844. 
per 1000, in proportion to the consumption. The high price that 
is agreed to be paid for this service may be explained by the 
length of main that is unproductive to the company in these 
cases; but it certainly seems to be exorbitant, when the freedom 
of the gas from octroi dues and other municipal taxes is taken 
into account. The company is bound to conduct, in every 
instance, the gas to the front entrauce of the subscriber, and the 
latter is entitled to employ whomsoever he thinks fit to execute 
the distribution of the gas in his interior; and, provided the 
subscriber presents the certificate of the prefect or his delegate, 
that the works are well and properly executed, the gas company 
is bound to supply the subscribers with gas, The expense of 
branchiug upon the main and leading to the meter is, of course, 
borne by the subscriber; the meters, as was said before, are 
bound to be of approved patterns, and verified as often аз may 
be required by the police; they are furnished by the company, 
but are at the charge of the housekeeper, as far as regards their 
first cost and repairs, if those are taken at his request. 

It may be remarked that the system of regarding the supply 
of the gas consumed іш Paris as а municipal service, has entailed 
upon the private consumers the necessity of paying a higher 
price for the gas they consume than they saadi naturally do if 
the service were left to be regulated by the ordinary rules of 
trade. The municipality, in the exercise of its rigbts over the 
surface of the roadway, in fact, has only consented to grant the 
monopoly of the gas supply to the company, on the condition of 
their supplying the public lamps at reduced rates, and of sharing 
in the profits of the concern after it has been established such a 
time as is sufficient to relieve it from any chance of failure. It 
is true that in this manner the town authorities will be enabled 
to devote a portion of the profits arising from the sale of gas to 
the relief of the other taxation of the town; but this is only an 
indirect way of making the consumers of gas pay for the water, 
paving, or other municipal services; and it is objectionable, as 
the control of those services can never be efficiently performed so 
long as the total expenses of them are not distinctly brought 
under discussion, Тһе worst of this system is, that the price of 
gas can hardly ever be reduced, as the municipality is directly 
interested in the maintenance of the rate of profit. Тһе pre- 
cautions then taken to ensure the delivery and the quality of the 
gas are, therefore, quite illusory, and they seem to be intended 
rather to lull the suspicions of the consumer than to exercise any 
real influence upon the operations of the company, for so long as 
the quality of the g is equal to the average quality that is 
distributed in the French towns, there is no probability that 
much fault will be found with it, let it be ever so bad. 

At present there may be found a great amount of the ammonia 
compounds in the gas, and it is rather deficient in the illumina- 
ting power when compared with the London gas, but this may 
be owing to the quality of the coal that is used. The effect of 
the participation of the town in the profits of the company must, 
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however, be such as to superinduce a carelessness on the part of 
the employés who are charged with the verification of the quality 
of the gas, and of the means adapted for ascertaining the quan- 
tities supplied. There is uow apparently a great deal of anxiety 
displayed by the town authorities about the illuminating power 
and the purity of the gas, for they have organised a complete 
system of control and superintendence of both the public and 
private lighting, that appears at first sight to be most efficient. 
There are twenty-one persons who are constantly employed in 
testing the gas, and who are paid at salaries varying from £200 
a year to 248, the total sum voted for the salaries of these 

ple for the next year being about £1060; there are also 130 
inspectors of the public lighting, at salaries varying from £200 
а year to £49, who figure in the town budget for a total sum of 
£10,480; and 32 inspectors of private lighting, who are charged 
with the verification of the meter; these are paid salaries 
varying from £240 to £40 a year, and they figure in the budget 
for 42600. Тһе superintendence of this service is, theoretically, 
very well arranged; it remains to be seen whether it will rally 
operate for the protection of the inhabitants when the town has 
a direct interest in the successful resulta of the company, which 
it will have when the period of sixteen years, during which the 
company has the enjoyment of all it can make, shall have 
expired. All these questions, of the power of a municipality to 
interfere with a private company, however, form part of the 
greater question of the organisation of the relations between the 
public body and the private citizens, that admits a question of 
widely-different solution, but it would be somewhat out of place 
to discuss them here, as they would be better treated in a sepa- 
rate paper. The object of the present one is to endeavour to trace 
the system adopted by our French neighbours in the supply of 

to their capital; and therefore, after having stated the con- 
itions that the сошрапу and the municipality have agreed 
upon, it is proposed to state the manner iu which the former 
of these parties has endeavoured to fulfil its part of the con- 
tract. 

There are in the neighbourhood of Paris, and within the linea 
of the fortifications, ten gas atations, of different capacities, but 
all subordinate to the great station of La Villette. These sta- 
tions are—1. La Villette; 9. Les Ternes; 3. Passy; 4. Vaugirard; 
5-Тугу; 6. Charronne; 7. Bellcville; and the three that are situ- 
ated in the surrounding communes of St. Denis, Boulogne, and 
Charenton. Аз was said, the station of La Villette is the most 
important of these; it sutlices for the manufacture of one-third 
of the gas that is consumed in Paris; the stations of Passy and 
Vaugirard supply together almost another third; and the other 
stations contribute about equally to the total consumption. The 
centre of the consumption is about the Church of St. Eustache, 
and the ровова of the stations have been so chosen that they 
are mostly situated upon a circle, whose radius would be about 
that of the distauce of the station of La Villette from that point. 
The station of La Villette is situated on the extreme verge of the 
town, being only separated from the fortifications by the military 
road; but the other works are often situated in the densely- 
peopled parts of Paris, to the great dissatisfaction of the Conseils 
de Salubrité, who complain very much of the smells given off in 
the process of manufacture. As, however, all the operations 
connected with the conversion of the residual producta of 
making are carried on at La Villette, there seems to be little 
reason for finding fault with the company on this score; but the 
teudency of the sanitary reformers to hunt up,as it were, the 
factories that have been moved once in accordance with their 
suggestions, is not the less worthy of remark. The preference 
for La Villette as the principal station for the manufacture of 
gas may, however, be easily explained: it is situated in the 
quarter that is entirely manufacturing, and is in the immediate 
vicinity of other similar establishments; it is immediately upon 
the canal that brings to Paris the produce of the northern coal- 
fields of France; it is traversed by the Northern, the Eastern, 
and the Central Railways; and though it is somewhat high aa 
compared with the level of the lower part of the town, it is only 
a little above the average level of Paris. Тһе coal stores—which 
by the way are bound, by the treaty of the town, to be large 
enough to hold two mouths’ stores—the retort houses, the coke 
stores, and the purifying houses, are situated on the north of the 
Chemin de Ceinture; the gas-holders are situated on the south- 
eastern side of that line; and the establishment for the conver- 
sion of the waste products is situated towards the north-west of 
the retort house, being separated from the latter by the Chemin 
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d'Aubervilliers, The total area of the establishment is from 120 
to 130 English acres. 

On this plot of ground the retort houses are erected, and are 
provided with, each, & set of condensing pipes immediately 
adjoining the retorts, and a set of coke towers or scrubbers, and 
the purifiers, that are within a series of buildings parallel to the 
retort houses, but separated from them by a paved court. The 
retorts are set in beds of eight each, back to back; the group of 
eight having seven retorts in each that are double, so that the 
total number of retorts at work at present is about 1076; but the 
quantity of gas that the company makes is considerably increased 
by the product of the ovens, from which it obtains smothered 
соке, for the use of iron and brass founders, railways, &c. The 
style of retort used is a clay retort, of the usual D shape, that is 
about 8 ft. 24 in. long, by 2 ft. 4 in. wide, and 1 foot high in the 
clear; and it is to be observed that the French engineers prefer 
the use of the closed retort over the fire-clay ovens to that open 
at both ends (аз in some of the London companies’ works), for 
they contend that it is impossible to maintain an equal tempera- 
tare іп the ascending mains that must be used іп the latter case, 
во that the gas escapes пр one of these, to the detriment of the 
illuminating power, or to the destruction of the dip pipe, accord- 
ing to the temperature. The gas in the Paris works passes from 
the retorts into an hydraulic main, and thence through a set of 
condensing pipes, that are placed outside the building, in sets of 
three rows of ten pipes each, to the set of double retorts, An 
exhauster here takes the gas, and thus relieves the retorts of the 
back pressure; this exhauster is set in motion by a steam engine 
of 16 horse-power. There is a second machine for the purpose of 
relieving the pressure upon the coke ovens, and this gives rise to 
special arrangements for condensation, purification, &c., to be 
noticed hereafter, and quite distinct from the ordinary service of 
the gas factory. The exhauster takes the gas from the conden- 
sere, which are made particularly large, so as to effect the 
greatest possibleamouut of condensation (which the French engi- 
neers attach great importance to, as a means of ensuring the 
purification of the gas), and passes it to the scrubbers and the 
purifiers. In the scrubbers, ог the coke towers, the gas is sub- 

to a system of washing, for the purpose of extracting as 
much as possible the ammoniacal liquor, the tar, and the sulphur 
compounds, that it may still retain; and then passes, without any 
intermediate process of washing, to the purifiers, where it is 
exposed to the effects of a mixture of sulphuret of iron, lime 
slacked and in powder, and sawdust, in the proportions of 
1 metre cube (about 14 yard cube) of sawdust to 010 metre cube 
of lime in powder, with about 2 cwt. of sulphuret of iron. This 
mixture is found to be preferable for the purification, as it is 
capable of being renewed several times, and is especially used in 
France, because there the agricultural interest does not appreciate 
the employment of the lime refuse of the purifiers. The gas 
here is passed through four successive layers, or rather series of 
layers, of the description above given, and is then passed through 
the station meter to the gas-holder, where it is stored for 
distributiou. 

There appear to be differences of opinion amongst the Paris 
engineers with respect to the conditions of the distillation of 
their coal, and with respect to the methods to be adopted to pre- 
vent the formation of the sulphide of carbon in the gas. The 
present practice of the gas company is, however, that of effecting 
the distillation with t rapidity and at great heat, and com- 
bating the tendency of the gas to the formation of the sulphide of 
carbon by means of a most energetic condensation. The charges 
that are generally employed are four-hour charges, at high 
initial temperatures, of about half a ton to each retort; the French 
engineers obtain from this quautity of coal the average yield of 
9300 %о 9500 cubic feet of gas (which is more than the Londou 
companies on the average do from the superior coal of Newcastle), 
and about 13 cwt. of good marketable coke рег ton. Тһе pro- 
portion of condensing surface that is found necessary under the 
French system of replacing the washing by an energetic conden- 
sation, is about 20 feet superficial to every 1000 feet cube of gas 
made; and the surface of purified medium that is used is about 
4 feet for the same quantity; formerly the washing was performed 
by an additional process before the gas passed through the 
purifier, and it consisted in the gas being forced to bubble through 
a solution of ammoniacal liquor after it had passsed through the 
coke towers, but now this process is dispenaed with, so far as re- 
gards the passage of the gas through theammoniacalliquor. The 
gas passes through the station meter, and from thence it passes 
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into the gasholders preparatory to the distribution; these are 
eight in number at the station of La Villette; they are 107 feet 
in diameter, and 46 feet rise in asingle lift, and are supported by 
a scaffold in the ceutre when down. The distribution of the 
from these reservoirs takes place under the pressure of rather 
more than lj inch during the day time, and in the night 
time of 38 to 34 inches. It may be that this pressure шау 
be required to overcome the difference of level of the factory, 
which is somewhat above the points of delivery in Paris; or it 
may be accounted for by the small dimensions of the distributing 
mains. The efforts of the company are, however, directed to the 
remedying this cause of loss, which must always, to ц certain 
extent, act to prevent the due proportion between the mains of 
distribution and the quantity of gas they would discharge in а 
given period of time being observed, owing to the interest the 
company have to continue their working through the pipes that 
they are bound to yield to the town at the expiration of their 
lease. By the peculiar arrangements adopted, the Paris Gas 
Company has reduced the loss that ensues from the excessive 
pressure that accompanies the distribution of the gas to a mini- 
mum. We shall have occasion to revert to this subject; but it 
may be as well to state that the loss of the gas registered by the 
station meters, both in private consumption and in public light- 
ing, was, in the year 1864, only 10 per cent.—a most insignificant 
proportion, if the quantity that is lost by the condensation in the 
mains, the amount that is not carried to account by the private 
consumers, and the thousand causes of loss that the gas must be 
exposed to, are taken into account. The average loss of the 
London gas companies is at least from 15 to 25 per cent. of the 
quantity they register at tlie stations. 

There are at Villette numerous contrivances for the pre- 
pen of marketable coke, that are well worthy of attention, 

ut which it is not worth while to describe at present, inasmuch 
as the care with which this branch of the manufacture is con- 
ducted is essentially a local necessity, called for by the habits of 
the Parisians. The same thing may be said with regard to the 
conversion of the tar, ammoniacal liqnor, and other waste pro- 
ducts, all of which the Paris Company is obliged to convert to 
useful purposes themselves, but which we in England find can be 
more economically converted by the means that our шапо- 
facturing chemists make use of. There is, no doubt, immense 
skill displayed in this detail of the Paris fabrication, but it may 
be passed over, together with the brick, tile, and retort factory 
that forms an iinportant part of the establishment at La Villette, 
and which manufactures for all the other stations іп Paris. In 
Paris the gas company had, in fact, to organise every detail of 
the service, and to create the industries that are connected with 
tho disposal of the coke and the refuse, and that were necessary 
for the making of the gas; they, therefore, were deprived of the 
advantages that the English companies possess in the greater 
division of labour that prevails in this country, and which per- 
mitsthem to concentrate all their attention upon the strict object 
for which they are established. The coke ovens mentioned above 
may be cited as a proof of this; they are calculated to convert 
about 6 tons at a time, that yield about 8000 or 8500 cubic feet 
of gas to the ton, and 13 cwt. of smothered coke; but both the 
gas and the coke that are thus obtained are of inferior qualities, 
of the respeetive kinds; both tend to lower the lighting and 
heating power of the gas and coke they yield. The brick and 
fire-clay manufacture of the Paris Gas Company, however, yields 
products of a superior kind; but it is to be suspected that it does 
so without much reference to trade profit; and the same may be 
said of the engine factory, where the company manufactures for 
sale the Lenoir engine, so extensively used in building opera- 
tions in Paris. It is found that, with all thedisadvantages that 
the Paris Gas Company has to encounter in the disposal of their 
waste producta, they manage to derive from their operations upon 
the coal they consume about the proportions of 1000 for the gas, 
200 for the coke, 20 for the tar, and 92 for the other residual pro- 
ducts. The tar, it may be added, is never burnt under the 
retorts; it is too valuable, and meets with too ready a sale, to 
allow of any such application; the ammoniacal liquor is princi- 
pally used for the preparation of sulphate of ammonia, that 
meets with the readiest sale іп Englaud. 

It is calculated that the total yield of the La Villette station is 
about equal to five millions of cubic feet per day when the works 
are in full operation; and the distribution of this quantity takes 
place in the busiest and most bustling part of the town. The 
other works do not present anything very particular, excepting 
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perhaps the station at Vaugirard, which is specially reserved as 
an experimental station, and where the company have been at 
work for the last three years upon Mr. Siemens’ system of econo- 
mising the heat that is employed to produce the distillation of 
the coal; hitherto without success, it must be observed. The 
Paris Gas Company, by their monopoly of the supply, are enabled 
thus to “ try all things” that are proposed in the matter of light- 
ing with the best means and appliances that can be disposed of. 

The distribution of gas takes place through mains that are of 
ав а large a diameter as 345; feet, exactly one metre; they are all 
of wrought-iron, upon Chameroy's patent, and in that respect the 
Paris supply differs from that of London, whieh, in consequence 
of Mr. Michael Angelo Taylor's Act, ie compelled to receive its 
gas supply throngh cast-iron maius. The Chameroy pipes are 
put together iu lengths of 15 or 16 feet; the joints are xivetted 
and brazed; the whole is then coated with a preserving cout of 
bitumen, and the joints are made with a male screw оп one end, 
and a thickening out, formed опа mandril, to receive a female 
screw on the other, which is then packed with gasket and white 
lead. The opinions of English engineers are unfavourable to this 
style of pipe, but the experience of the Gas Company of Paris for 
the last twenty-seven years seems to be decisive as to its merits 
in all cases where the soil is of an alkaline nature, and is not 
charged with water. I was informed by M. Camus, the sub- 
engineer of the works, who is also an engineer of the Ponts-et- 
Chaussees, that he had ascertained the wear and tear of 1000 
metres of wrought and cast iron mains of the same diameter 
respectively, in the course of the year 1661, and he found that 
they presented the followiug results, He found that the cast- 
iron showed that the proportion of the leakage that was owing 
to accidental breakage in the pipes was 1:000, whilst that quan- 
tity was, for the wrought-iron, 0'460; the proportion of loss 
through the use of the pipes by time or depreciation was, for cast- 
iron 0353, for wrought-iron 0198; the proportion ef loss by 
shaking of joint was, for the cast-iron pipes 177, for the 
wrought-iron 0'520. There may be greater care nnd attention 
paid in Paris to the repairs and maintenance of the pipes, but the 
results of the experiments tried in this case seem to indiente that 
the cause of the diminished loss upon the registered quantity of 
gas must be sought for in the use of these maius; and at the 
present day, when so much attention is forcedly turned to the 
question of the leakage of gas pipes, on account of tlie construc- 
tion of subways by the Metropolitan Board of Works, the subject 
acquires additional interest. The house distribution also takes 
place in Paris through lead service pipes, that must be another 
cause of diminished leakage; but the private consumer is at 
liberty to employ whatever system he may think proper after 
the passage of the gas through the metre. From the report of 
the gas company to its shareholders last year, it appears that 
the total consumption of gas in Paris was about 3567 millions of 
cubit feet, for a population that was estimated at 1,650,000; and 
thé company had, in their provision of «n increased demand, 
increased their manufacturing powers to 4141 millions. The 
length of pipes that were employed in the lighting of Paris was 
546,861 metres; that of the annexed zone, of 424,985 metres; 
that of the banlieu and the surrounding district, 165,346. Тһе 
number of public lights supplied by the company for the account 
of the municipality was 26,849; the number of private consumers 
was 59,554, in the year 1863, the last for which I have been able 
to procure the returns. It may be added that the lamps that 
are used for the lighting of the Bonlevards are placed at distances 
of 25 metres apart on the same line; in the Rue de Rivoli 
they are about 14 feet apart; in the courtyard of the 
Louvre they are about 20 feet apart; the burners being, in the 
majority of cases, at 10 feet above the pavement. The lighting 
of Paris is, in fact, most brilliantly and lavishly executed, in the 
best quarters of the town at least; it leaves, however, much to be 
desired in the poorer portions, which are about as badly lighted 
as the analogous parts of Loudon. 

I have mentioned the desire that the public seem to have at 
present for the laying of the pipes in the subways that have been 
constructed by the Metropolitan Board of Works, and have 
hinted at the provisions that have been introduced into the treaty 
that prevails between the city of Paris and the gas company, 
with the object of facilitating the laying of the pipes in that 
manner, The treaty contaius, indeed, а clause to the effect “ that 
the town reserves to itself the right to displaée, and even remove 
altogether, at the expense of the concessidnaires, and without 
any indemnity, the pipes every time that it may think the public 


+ 


[March 1, 1868 


interest may require it. If it should вой the municipal admini- 
stration, during the continuance of this lease, to relieve the pub- 
lic ways of the excavationa necessary for the laying of the gas 
pipes, and to dispose the sewers во as to receive them, the con- 
cessionaires shall be bound to remove their pipes to the positions 
prepared for them, at their own expense, upon all the points 
where the city shall have executed the works for this purpose.” 
Yet with this precaution and this right the city of Paris does 
not think of calling upon the gas company to remove their pipes; 
nay, the water pipes are in Paris carried into the sewers, which 
are there rather subways than simply sewers, and the engineers 
of the city most energetically oppose the introduction of the gas 
pipes into them. Experience has shown that there are fatal 
causes at work to produce the explosion of the escaped gas іп 
these cases, which all the care of the engineers cannot guard 
against. There have been three accidents, as M. Belgrand 
informed me, in the gallery of the Rue des Martyrs; there have 


- been two accidents in the courtyard of the Louvre;.and the acci- 


dent that took place last year, the consequences of which I myself 
saw, on the bridge of Austerlitz, was a fatal commentary upon 
the danger of the system of laying the gas pipes in subways. In 
this слав the pipes were carried over the haunches of the bridge 
in a gallery, that had an entrance at either end that served as a 
means of ventilation, and it had a means of escape at the middle; 
the gas was shut off at both ends, and the quantity there was in 
the pipes was allowed to burn off; yet an explosive mixture was 
formed, and it waèset on fire, probably by a workman throwing 
down a match. Fortunately this occurred in the early morning, 
and the few people there were passing the bridge were attracted 
to the side where theprcould witness the passage of a steamer 
that happened to be passing; there were consequently по passers- 
by injured, but two worknhep were killed, and several others 
were carried off to the hospital the whole length of the рвуе- 
ment of the bridge was blown for the length of 180 or 200 
metres, and about 12,000 francs’ Werth of damage done № the 
bridge. M. Belgrand was, in fact, quMe borne out in bis opinion, 
that “in no city where there was aNjthing like a regard for 
human life, would the notion of carrying the gas-pipes in a 
covered way be for an instant tolerated Не had, it must be 
observed, more than eleven years’ ехрегіерсе 0 the Paris sub- 
ways, and yet, with all the advantage of theND0st careful super- 
intendence by the engineers of the Ponts-et- baussées, and the 
effect of the French law of compensation for acNC* 
the observance of the necessary precautions, he ‹ 

to come over here to London to give evidence асай th 
of the Metropolitan Board, that is again brougi# before the 


publie with so much persistency. The fact is, th: d 
regular system of ventilation, that would entail a uam a 
outlay, there cannot be any safety in the syst m of YDWays 


applied to gas pipes; and the Metropolitan Board dc no ез 
to have contemplated the execution of even the sm ебі Lid 
caution for this purpose. 

The Paris Gas Company is managed, as all the i: 
operations of that country of a similar nature are, ul 
strictest principles of discipline, order, and superinte! 
The administration ia composed of a certain number of dir! 
who are chosen from the body of the shareholders, gen 
speaking from amongst the original proprietors in the va 
gas companies that were алата dd: together, and they ar 
sisted in the management by М. Оауфег, ingenieur-en- 
des pont-et-chaussees, апа M. Camus, ingenieur-ordinaire 
that body, who have under their crders à numerous sta 
engineers, chemists, practical men, and clerks, that would frigh 
any English board of mauvagement. Thus the expenses of 
salaries to the various people employed in the factory, in 
maintenance and laying of the mains, and in the office of 
company, was not less than about £88,000 in the course of t 
year 1863; but at this charge the service is performed with 
degree of perfection that we in England have no conception С 
The cost of every detail of the manufactory is known to the la 
centime; the waste that attends the operations of the Londc 
companies is unknown; the accounts are kept in the most eld 
borate manner, and the gas company provide for their ow 
servante with a liberality that we in England have no conceptio 
of. The result of the system is, that in Paris the gas works a 
managed at about 58 per cent. of the total receipts; which m: 
be accounted for by the fact of the great success of the speculati 
that the directors manage, and by their having no inducement 
introduce any great economy in their working, in consequen 
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the participation of the town in the profits of their concern after 
a certain time. There is, indeed, every inducement for the 
directors to indulge in expense in the management; none to 
шапее them to save; and as the city of Paris has also a direct 
interest in knowing the cost of every detail of the fabrication of 
gas, it is questionable whether at any time the frais d'administra- 
tion, or the office expenses, will be much decreased. This is 
certain, that the Paris Gas Company is managed with consummate 
skill; and though we in England would do very unwisely, as I 
think, to adopt the system that prevaila in the neighbouring 
capital with regard to the supply of gas—because it is founded 
upon principles of political economy which are, I think, wrong, 
and it would involve an interference with our private habita, 
which I think would be intolerable—yet there are many things 
that seem to be well deserving our study, and our imitation, 
in the manuer the Paria Gas боры? carries out its contract. 
The system at Paris із, in fact, designed for the atmosphere of 
France; it would fail if iutroduced here, where “ every man does 
what he likes in his own eyes.” 


In the discussion upon the foregoing paper, 

Mr. Оковок Gonwin said he was not able himself to agree 
with what appeared to be the leading object in the paper, viz., to 
make us more satisfied with what was done for us in England. 
Tt was not likely that Englishmen would put up with such an 
arrangemeut as was made for the inhabitanta of Paris. The 
notion of tying themselves down for fifty years to take their gas 
at бе. 844. рег 1000 feet (with allowances and deductions), not- 
withetanding any inventions and arrangements for cheapening it, 
seemed unreasonable. The people of Paria at that moment paid 
very little more for their light than in London. He was assured 
that the light there waa much superior. It was true the munici- 
pality of Paris partook of an advantage to the extent of 534. рег 
1000 feet, and divided the profits beyond 10 per cent. after sixteen 
уевгв; so that they had an interest in keeping up this price. It 
was not likely that we should permit such an arrangement; 
although we were, perhaps, not much better off with our arrange- 
ment than the Paris people. He regarded it as idle to say that 
the escape of gas could not be guarded agaiust. They were told 
that the escape from the maina was still very great, as was mani- 
fent from the atate of the soil ronnd the joint of an old gas pipe; 
the loss to the companies was great; the damage to health would 
be grent, by-aud-bye; and in order that they might go on laying 
down pipes with bad joints and other careless arrangements, they 
brought forward the evideuce of one solitary French engineer, to 

ve that explosions were а necessary consequenoe of pipes 

ing laid in subways. Inthecaseof Nottingham the system had 

been carried oat without damage, and he was satisfied that this 

plan was a perfectly practicable one, and it would be a disgrace 

to the companies if they persisted іп" opposing its adoption. In 

many buildings he bad seeu as much as half-a-mile of pipes of 

iron and of softer metal running through the different rooms, 

bot there was no escape of gas, hecause the jointa were properly 

| made. Не was satisfied if the gas mains were Jaid іп the sub- 
еч ways, and a proper system of veutilation provided, no better plan 
iri could be adopted. At present the pablik were subject to the 
perpetnal annoyance of disturbances of the streets. All that 


Mr. Тномлз Нлчкеві кт? entirely disagreed with the gentle- 


3. f who had last addressed the meeting. He (Mr. Hawkesley) 
5 had thirty-five years’ practical experience of this subject, 
е of ng been the engineer of the Nottingham Gas Works, to 
зе of Зуев Mr. Godwin had alluded. He would tell them the real 


of the case. The subway at Nottingham was a little pitifal 
nel, of about 200 yards in length, and the gas-pipe which 
laid in it was four inches in diameter, the street having very 
houses, and, consequently, there were very few branches 

that pipe. It so happened, also, that this little channel 
а rise in the short length he had stated of very nearly 40 
and conseqnently it ensured for itself a tolerably good venti- 
He need hardly say that these were circumstances which 
арыу at all to such a place as the Metropolis. It was 
kable how great were the apprehensions of the workmen of 
company ia reference to this subway, for they would not 
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go into it unless the gas was shut off, and even then they used a 
safety-lamp. They were told that gas had been laid in eubways, 
aud that gas had been lighted in them without danger, but the 
danger was occasioned by the insidious escape of gas by leakage; 
and when this occurred in any confined space, an explosive com- 
pound was formed, which was liable to produce a most serious 
disaster, particularly in a subway, where the whole street might 
be bodily raised up, and the passers-by would run the risk of 
being injured, if not killed. A good deal had been said about 
the escape of gas in the streeta, but he would assert that it did 
not reach to anything like 5 per cent.; in general it was much 
less. What was called leakage was simply the loss which a gas 
company austained upon the gas, as ascertained, in the first place 
by the meter at the stations, and in the second by the money 
which the gas MAT received. A thousand and one things 
happened between the station meter and the receipt of the money 
by the company. In the first place there was leakage at the 
works, which was very considerable. In the next place there 
was the consumption of gas upon the prn which was to be 
counted by millions of feet a year, and which very few gas com- 
panies took into account. Then the gas went into the mains, 
from which there was a very slight escape indeed, and that евсаре 
paseed into the soil, where it was absorbed without danger. A 
great loss occurred from the service-pipes, much more than from 
the mains of the company. That was а loss which ought as far 
as possible to be prevented; and if gas companies generally used 
lead pipe instead of wrought-iron for services, as was done in 
шапу рə with great success, they would not suffer іп this 
way. The gas eventually went to the meter, which professed to 
measure the whole that passed through it, but it often did not; 
and any defect of the meter, whether wet or dry, was againat the 

company. Then there was all the surreptitious and fraudu- 
ent consumption of gas, which in a great city was not іпсопві- 
derable. Then, further, there was the waste in the public lampe, 
which was greater than any other, for this reason: each lamp 
was а consumer with only one light, and the pipe must be as full 
of gas for that consumer as for a private consumer using ten or 
twenty lights, and thus there would be a greater proportion of 
leakage. All these things put together went by the general 
name of leakage, whilst the escape from the mains of a well- 
managed company was not more than 24 per cent. Mr. Hawkesley 
instanced the case of a gas company in Denmark, whose works he 
superintended, and in which the whdte leakage, over a period of 
three years, did not average 5 per cent, and at Nottingham, 
before the introduction of Lord Redesdale's Meter Act, the leakage 
was из low as 8 per cent.; but owing to the operation of that Act 
it had latterly been as much ав 14 percent. The way in which 
accidents would happen in subways was this:—A gas company 
alone could not control all the operations of the subway; other 
workmen would be employed there who might be the occasion of 
accidents. If the atreets of London were generally subwayed, he 
had no hesitation in eaying that with 2000 miles of subway, there 
would not be a day without an explosion, if the gas mains were 
laid in them; and it would be impossible, in the nature of things, 
to prevent this. Passing to what had been said with regard to 
the gaslights in Paris, һе would say he did not find anything 
better there than we had at home. The quality of the gaa, the 
mode of manufacture, the amount of production, and the system 
of distribution, were in every respect inferior to what we had 
here, and, above all, the price of gas was 50 per cent. higher than 
our maximum price. The French system of political economy 
was the worst that could possibly be adopted. It was а system 
by which the municipality was bribed to participate in the profits 
on high prices; and the consequence was, that those who con- 
sumed gas were made to pay a portion of the taxes of those who 
did not do so. The same thing had been attempted, with various 
degrees of success, and want of success, in this country, a notable 
example of which existed—and to а certain extent still existse— 
at Manchester, but under modified circumstances. For many 
years the corporation of Manchester charged a very much higher 
price for their gas than the companies in the surrounding towns, 
and the money so obtained was applied to municipal purposes, 
The consequence waa, a certain portion of the community were 
taxed for the benefit of the other portion. For a time that system 
went on very well, but it ultimately gave rise tu a violent class 
agitation, which it was always desirable to avoid; one portion of 
the community was arrayed against the other on the price of gas, 
and that weut on for several years, and at last resulted in the gas 
consumers beating the non-consumers, and then the price of gas 
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was brought down to something like a reasonable amount. Paris 
was a much better lighted city than London, but the Paris gasin 
illuminating power was inferior to ours. The fact was, in Paris 
the people lived, not as we did, one alongside the other, but one 
above the other, and the consequence was the population there 
was distributed over а much shorter length of streets. In Paris 
they had one lamp to every sixty persons; the consequence was, 
that in the principal strects the lights were brought very close to 
each other; but itdid not thence follow that because the city was 
better lighted, the gas was better. Its inferiority was accounted 
for by the description of coals they used; they, nevertheless, 
made as good gas as they could under the circumstances, and 
they took good care to use the kind of burner which gave the 
most perfect combustion. This маза matter which was neglected 
in London, but we were improving in that respect; and when we 
paid as much attention to these details as was done in Paris, the 
London gas would give а greater amount of light than that in 
Paris. 

Dr. Утьов remarked that in the present advanced state of 
science there might be по practical ditliculty in the employment 
of the subways of cities ав chunnels for the laying of gas and 
water mains, во as to prevent the constant annoyance arising 
from breaking up the streets for those purposes. 

Mr. Gonz, having had experience in the laying of gas mains in 
this country and abroad, was inclined to think that the promoters 
of the subway system were at the present moment somewhat in 
the dark on that question. He could quite understand that in 
situatiors where there was a sufficient current of air to carry off 
the escaped gas there could be no explosion, but it did not follow 
that in а subway the current of air would be во rapid as to have 
this effect. Having been engaged, in 1861, in laying down gas 
mains in Valparaiso, the geological formation in some parts was 
such that at six inches below the surface of the soil granite was 
reached, and through that material a channel had to be chipped 
away of sufficient depth to admit of the gas main being laid down. 
Theoretically that would be supposed to form a very beautiful 
chaunel in which to lay the pipes, but a reference to the books of 
the company would show that the cost of repaira in that channel 
alone amounted to 75 per cent. more than in double the length at 
other parts of the town where the pipes were laid in a different 
material. Mr. Hawkesley had very properly said that the soil 
was the best safeguard against the escape of gas, and at the same 
time it formed the best elastic cushion on which to lay pipes. In 
laying pipes in a subway, there must be a number of rigid fixed 
points or brackets on which they must rest, and there would be 
a severe vibration occasioned by the traffic passing overhead; the 
effect of which on cast-iron mains so supported would, in a very 
short period, be very serious, in causing leakage at the joints. 
He (Mr. Gore) was now engaged in preparations for lighting with 
gas the city of Mexico, and he had visited every establishinent at 
which he thought he could gain information. Amongst others 
be had met gentlemen connected with the subways in Paris, and 
on his mentioning the subject to them, they strongly advised him 
not to carry the mains through subways. 

Mr. W. MAacrFARLINE was not satisfied, upon the evidence 
adduced by Mr. Burnell,{as to the undesirability of the employment 
of subways for the laying of gas mains, nor did the observations 
of the last speaker satisfy him more on the same point. He 
thought, if they were not prepared to alter the material of the 
pipes, they must alter the construction of the joints, for if they 
put pipes in a subway witb the present system of jointiny, 
there would be a liability to great escapes of gas. There was, 
however, no reason why an improvement should not be made in 
this respect. The question was, whether iron was the proper 
material for the pipes, unless the interior were coated with a 
preservative substance; and if, beaides this, а better system of 
Joints were introduced, he had no doubt that subways might be 
used for gas-pipes without danger. 

Mr. BunNELL, in reply upon the discussion, would simply refer 
to the observation of Mr. God win, that the practical objection to 
the use of subways for gas maius rested on the sole testimony of 
one French engineer, M. Belgrand. Upon that he would remark 
that he had referred especially to that gentleman because he was 
tlie principal engineer in that department in Paris, and had had 
the largest practical experience in the laying of gas pipes iu 
subways. He might mentiou that M. Belgrand's evidence on 
the point was confirmed by the opinions of M. Dupuit, who 
formerly occupied the position of M. Belprand, by those of 
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MM. Mouton and Huet, engineers of the ponta-et-chauasées 
and also by M. Leloup, inspecteur des eaux, as well as ММ. Gay- 
fier and Camus. The only evidence іп Paris anything like 
favourable to the subways was that of the architect of the 
Louvre. Therefore, on the one side they had the evidence of 
engineers who had been practically concerned in the laying of 
Pipes, and on the other side they had only the evidence of an 
architect, He could only say further, as to the quality of the 
Paris gas, 16 was very much below that of London. In the 
former city the gas was called seven-candle gas, and iu the latter 
the standard of illumination was eleven candles. 

The Chairmau said he was not at all afraid, though he had 
heard of explosions in the Paris subways, of such occurrences 
taking place in this country. А strong current of air would not 
be agreeable in а house, but it would not be objectionable in а 
subway. He had been present when gas was lighted in a subway, 
avd when, according to the views of some of his friends, an 
explosion should have taken place; but there was a snfficient 
enrrent of air through it to almost blow out the flame of the gas. 
While that was the case there could be no fear of explosion from 
confined gas; and he was surprised to hear gentlemen say that 
proper attention had not been paid to that matter in the subways 
already constructed. Не was sure all would agree that subways 
if safe must be of great public advautage. They could not fail to 
be a great benefit to the gas companies. While во many advan- 
tages were held out he waa persuaded that nothing would 
prevent this improvement from going on. Since this subject was 
first mooted he had seen great changes in public opinion, aud in 
the minds of gas engineers themselves; and many who were 
opposed to subways— even amongst the engineers of Paris—were 
now looking forward to a better state of things, and even made 
propositions for introducing gas-pipes into the subways. 
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INSTITUTION OF CIVIL ENGINEERS. 
President's Address.* 


Having now enumerated in some detail the various descri 
tions of work which engineers are called upon to carry out, I will 
next proceed to point out the kind of preparation which, in my 
opinion, is requisite to enable them to perform their work in a 
proper manner. Iam aware of the difficulty of the task, and of 
the wide ‘difference of opinion which exists on the subject; but 
I feel unable to resist the opportunity of bringing this question 
uuder the consideration of the Institution, because I feel con- 
vinced that at no period in the history of the profession has it 
been so important as at the present time. Those who may not 
be disposed to coincide in my views may at least be led by tbe 
description of them to throw new light on a subject which is of 
vital consequence. We of the passing generation have had to 
acquire our professional Knowledge as we best could, often not 
until it was wanted for immediate use, generally in haste and 
precariously, and merely to fulfil the purpose of the hour; and 
therefore it is that we earnestly desire for the rising generation 
those better opportunities and that more systematic training, for 
which in our time no provision had been made, because it was 
not then во imperatively required. 

The preparation and training for the civil engineer may be 
shortly described as follows:—1. General instruction, or a liberal 
education. 2. Special education as a preparation for technical know- 
ledge. 3. Technicalknowledge. 4. Preparation for conducting prac- 
tical works. Allthispreparationand training will have to beacquired 
atsometimeorother,and in sume orderorother, and itis knownthat 
in the cases of some successful persons of great perseverance, they 
have been acquired in a very remarkable order; but at the present 
time, and with all our modern opportunities, there is no reason 
why tbey should not be learned in the moat convenient and 
methodical manner. 

I will begin by supposing a boy of fourteen, in whom his 
parents have discovered а mechanical bias, who has made good 
progress in his general education, and especially in arithmetic, is 
of strong constitution, and possessed of considerable energy and 
perseverance; and unless a boy possesses these tendencies and 
qualifications it is quite useless to destine him for an engineer,— 
taking the boy of fourteen, however, who possesses the requisite 
qualifieatious, and with a determination on his own and bis 
parents’ part that he shall be made an engineer, the period from 
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fourteen to eighteen should be devoted to the special education 
required by an engineer; during which, mathematics, natural 
philosophy, land surveying and levelling, drawing, chemistry, mi- 
neralogy, geology, strength of materials, mechanical motions, and 
the principles of hydraulics, should be thoroughly mastered. To 
accomplish these studies, and, in addition, to make considerable 
progress in the living languages, French and German especially, 
it will be necessary to sacrifice to some small extent his classical 
studies and pure mathematics; and it is, in fact, the partial 
omission of these studies, and the prominence of those I have 
enumerated, which constitute а “special education" If from 
fourteen to eighteen the boy has made all the progress in these 
studies which can be reasonably expected from fair abilities and 
more than average perseverance, the next step is of great impor- 
tance, and is one respecting which some difference of opinion will 
exist. 

At eighteen & boy, if duly prepared, may either be at once 
placed iu the office of a civil engineer for a period of four or five 
years’ pupilage, or he may be placed in a mechanical workshop, 
or he may be sent to one of our groat universities, —and any one 
of these courses may be the best under particular circumstances, 
anch as local convenience, or as the social position. of parents 
may dictate. Tt cannot be doubted tbat a period of twelve to 
twenty-four months may be very protitably spent in manufac- 
turing works, before passing into а civil engineer's office; but in 
that case thegreatest possible care must be taken that the works 
selected are adapted in themselves to impart the desired informa- 
tion; and that proper organisation exists for carrying out strict 
office discipline, regularity of attendance, and due diligence; and 
that assistance be given systematically to the pupil to enable 
him to obtain all the advantage possible from his stay at the 
works. It is of the greatest importance to the future success of 
the engineer that during his professiova! preparation he should 
continue his studies of mathematics and scientific works relating 
to his profession, and also of moderu languages. 

In the case of ita being intended to send the boy to Cambridge 
or Oxford, it is indispensable that all preliminary professional 
work, such as а practical knowledge of mechanics, mechanical 
drawing, surveying, and levelling, should be mastered before 
going to the university, because it can searcely be expected that 
he will submit to the drudgery of learniug them after his return 
from a three years’ university course, then at the age of, say 
twenty-two: probably tbe best plan will be to take him away 
from bis scholastic studies somewhat earlier than eighteen, if it 
be intended that he should go to the university, and to take 
especial pains to make him accomplished in the preliminary work 
of the draughtsman, the surveyor, and the mechanic; so that 
when le has taken his degree, aud enters as a pupil in a civil 
engineer’s office, he will at once commence useful and interesting 
employment, and will not require more than three years’ pupilage. 
If arrangements can be so made, and assuming a boy has worked 
well at school with bia general studies, and subsequently with his 
special studies; and if from the age of seventeen or eighteen he 
does justice to his opportunities in a good workshop, keeps up 
his knowledge of the modern languages, proceeds to Cambridge 
or Oxford, takiug а good degree, and afterwards completes bis 
studies asa pupil with a civil engineer, probably such a course would 
constitute the best possible preparation and training which could 
be obtained; but at the same time it cannot be doubted tbat it is 
& somewhat hazardous combination, and can only be successful 
with great determination on the part of the pupil, to keep bis 
future career always in view, and to prepare for it accordingly, 
as well before going to the university, during his college career, 
as after he leaves it. 

With respect to the special preparation of young men between 
the ages of fourteen and seventeen or eighteen, several of the 
largest and best proprietary schools and colleges in this country 


have special classes and departments for the study of the applied ` 


sciences; and tlience well-prepared pupils are aunually sent out 
to commence their career with eugineers, architects, aud sur- 
veyors; but still the character of this special preparation, in its 
theoretical branches, is nót considered quite equal to that of 
France or Germany for the civil engineer. 

It is true that nearly all Continental nations have an advantage 
over this country in the power which the nature of their govern- 
ment gives them of concentrating, in one recognised official 
school for the preparation of civil engineers, all the best available 
talent of their country. This plan does not exist in our country, 
and on the whole we rejoice that it does not; neither does the 
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inducement of government employment form the chief stimulus 
to our exertion, for which we are also thankful; but at the same 
time no good reason can exist why the opportunities of acquiring 
theoretical preparation in this country should be inferior to those 
of the Continent; and I һауе the confident hope, from the 
anxiety which is now manifested to increase the ranks of our 
profession, and the desire to liave the best possible preparation 
for it, that even in the theoretical branches we shall shortly һауе 
to acknowledge no inferiority to any other nation. In the 
practical branches we are admittedly superior. 

In drawing attention, however, to a compnrison between our 
own and other countries, let me be guarded against the possi- 
bility of being understood to suggest that this theoretical equa- 
lity ought to be obtained by any sacrifice whatever of our 
undoubted great practical knowledge; indeed, on the contrary, I 
think that the attention to the greater opportunities which 
young engineers in this country enjoy, by reason of the number 
and character of our new public works, than із attainable in 
other couutries, should be constantly encouraged to the utmost 
possible extent, and tbat our old superiority as practica] engineers 
should be ever maintained. 

We will now nj ined that the general education and the 
special instructiou have been completed, the short probationary 
pupilage in workshops has been gone through, languages and 
mathematics kept пр and improved, the university course in 
certain cases completed, and tlie period has arrived for entering 
а civil engineer's office. Tn selecting such office for a pupil, it is 
important that it should be well organised and not be too large; 
that the engineer should be a comparatively young and rising 
man, and be accustomed to take pupils; but these should be few 
iu number, and bear some proportion to the number and extent 
of the works in usual course of construction under the engineer's 
direction. 

It is not necessary to follow the pupil when once the engineer's 
office is entered with any detailed advice, because he is no longer 
а boy,unable to ps rue his position and duty; we assume 
that he has been highly educated and carefully trained, well 
knowing that his future success or failure will depend on the 
degree of diligence with which he avails himself of the oppor- 
tunities of acquiring knowledge cornig an pupilage. The work 
in the office and in the field should be done to the best of his 
ability, and after the pupil has become a skilful draughtsman, 
and is capable of taking ont quantities of engineering works, and 
preparing detailed estimates methodically arranged, he will then 

robably proceed to work out details of designs, and make calcu- 
fuos of strengths and strains, and thus become of real value in 
the office, at the same time making substantial progress and 
rapid improvement for himself. He should avail himself of every 
opportunity of mastering the purpose and the principles of con- 
struction ^f the work brought to his notice both in the office and 
iu execution; he should ascertain the cost price of all the ma- 
teriala and workmanship employed, separating the items into 
every minute detail; and he sbould continue this practice 
systematically with all works on which he is engaged. 

The information which, amongst much beside, should be 
obtained during pupilage, and which is necessary to constitute a 
sound engineer, is—1. A fair knowledge of the moat fitting 
material for any given work, under any given circumstances. 
9. The power of designing any ordinary work with a maximum 
of strength and a minimum of material and labour. 3. A know- 
ledge of the means of ascertaining the cost, price of any ordinary 
engineering work. 

The information or knowledge included in this brief enumera- 
tion may be called practical knowledge; and it cannot be too often 
urged upon young engineers that theory and practice must 
always go together, hand in hand, and that they are not only not 
inconsistent or copflicting, but that they are посева го neitoa, 
and must both be fully отво ей іп the same person before he 
can become a properly qualified “civil engineer.” The period of 
pupilage should from three to five years, depending on the 
circumstances which have been previously indicated, and, in 
addition to his attention to the office, and outdoor works, it will 
be well, while keeping up his preparatory studies, especially 
mathematics, that he should improve bis acquaintance with the 
French and German languages, and keep up his knowledge of 
their engineering literature, and also avail himself professionally 
and personally of the advantages offered by this Institution. In 
the case of the mechanical engineer, however, it will be seen that 
although all scholastic and scientific training should be the same 
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as that previously described for АП other branches, the period of 
pupilage of the mechanical engineer must necessarily be 
chiefly in large workshops or manufacturing establishments. 

I propose now to consider in what manner this Institution can 
be made available in the preparation of this young engineer, and 
more useful to the profession generally, and ая а tirst step allow 
me, very briefly, to trace its history and refer to Ив present 

rosperity. It will be remembered that the Institution of Civil 

ngineers was established on January 2, 1818, and Telford was 
formally installed president оп March 21, 1820. Тһе origin of 
the Institution was very humble. About the year 1816, Mr. 
Henry Robinson Palmer, who was then articled to Mr. Bryan 
Donkin, suggested to Mr. Joshua Field the idea of formiug a 
society of young engineers for their mutual improvement іп 
mechanical] and engineering science. Тһе earliest members were 
Mr. Palmer, Mr. Field, and Mr. William Maudslay, to whom 
were shortly added Mr. James Jones, Mr. Charles Collinge, and 
Mr. James Ashwell. When the society was oonstituted, on 
January 2, 1818, these aix young men were joined by two others, 
Mr. Thomas Maudalay, and Mr. John T. Lethbridge, Mr. James 
Jones acting as secretary, and during the remainder of that year 
there was no increase in the number, and there were only three 
additional members in 1819. Іп the following year, 1820, when 
Telford became president, there were thirty-two elections. At 
the end of 1822, when the Institution had been established five 
years, there had been fifty-four elections. Telford’s name gave а 
great impulse to the progress of the Institution, which grew 
rapidly in importance under his fostering hand, so that at the 
close of 1827—after an existence of ten years—there had been a 
total of 158 electione, and by June 3, 1828, when the Charter cf 
Incorporation under the t Seal was obtained, the number 
amounted to 185 members. Telford continued to be the pre- 
sident until his decease on September 2, 1834, and at that time 
the actual number of members on the books (as distinct from the 
number elected) was 200. 

Mr. James Walker, the second president, was elected to that 
post on January 20, 1835; and after occupying the chair for ten 
years, he declined to allow himself to be again put in nomination, 
т consequence of a strong expression of opinion from several 
influentin] members, that a shorter period for the term of the office 
of president had become necessary. Accordingly, on January 27, 
1845, Sir John Rennie was el president, and served for three 
years, Since then the chair has been successively filled b 
Joshua Field, Sir William Cubitt, James Meadows Rendel, 
James Simpson, Robert Stephenson, M.P., Joseph Locke, M.P., 
George Parker Bidder, John Hawkshaw, and John Robinson 
M’Clean, each of whom has served for two years, the maximum 
time now allowed by the bye-laws. . 

It should be mentioned that in the ordinary course of rotation 
Isambard Kingdom Brunel would have succeeded Robert 
Stephenson, but Brunel requested that he might not then be put 
in nomination, owing to ill-health and the pressure of profee- 
sional duties; and unhappily his early subsequent dictate 
deprived the society of any future opportunity of electing him. 
It must always be a subject of regret to the profession, that in 
the annals of the Institution a member so gifted and accom- 
plished should not appear on their list of presidents. 

At the close of 1836, when the Institution had existed nineteen 
years, the number of members of all classes who had been elected 
was 369, and the number of those still remaining on the books 
was 252, or about five-sevenths of those elected. At the close of 
1860 these numbers were 1535 and 930 respectively, from which 
it appears that three-fifths of all those elected still belonged to 
the Institution, being а decline of only one-seventh in the rela- 
tive proportions after а further existence of twenty-five years. 
The average annual effective increase of members and associates 
during the teu years from 1840 to 1850 was 25, and from 1850 
to 1860 it was 27, the actual increase in 1859 and 1860 being 37 
in each year. The effective increase in each ofthe five years 
from 1861 to 1865 inclusive has been 20, 57, 4%, 56, and 106. 

The number of inembers of all classes on the books on Novem- 
ber 30, 1865, were, 


Honorary Members ... да 20% ane M 20 
Members а 4 bs 252 486 
Associates... Em ET ДВА 22. ... 659 
Graduates — ... NOS = 2% Жез ies 8 

Total 1203 


or an effective increase in one year of 108 members of all classes. 
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It will thus be seen that a stead 
characteristic of the Institution 


annual increase has been the 
rom ita commencement; and it 
may be noted in this, the forty-eighth year of its existence, that 
when it had been established twenty-four years, the number of 
members was almost exactly one-half of the present number. 

The experience of the last few sessions ahows us clearly that 
we may expect the fature rate of increase to be at least equal to 
the past; and the attendance on the Tuesday evenings’ discussions 
shows that the interest attached to the proceedings of the Institu- 
tion increases in at least an equal proportion with the augmenta- 
tion of the numbers. It is now not uncommon to find our 
meeting- hall inconveniently crowded, and occasionally it is alto- 
gether inadequate to accommodate the numbers who desire to be 
present; and many persons who, from the public interest attached 
to sonie of the subjecta, desire to hear, or take part in some of 
the discussions, are now prevented by our reatricted accommoda- 
tion from doing so. 

For some years in the early history of the Institution it was a 
work of considerable difficulty to keep the disbnreements within 
the receipts, and except for the admirable management of our 
late Secretary and now Honorary Secretary, Mr. Manby, it is 
bard to know what difficulties we might not have experienced; 
it was not until its income became sufficiently increased by the 
liberal donations of the couucil and other members, by trust- 
moneys and bequests, and by the increase in its numbers, that 
the Institution was in a financial position to give increased 
accommodation and assistance to its members. It may be stated 
that during the last ten years the average increase on the receipts 
has been forty per cent., whilst the increase in the disbursements 
haa been only twenty per cent.; and that the present amount of 
the realised property of the Institution may be safely taken at 
£25,000. 

It will have been observed that considerable improvements 
have been made in the library of the Institution, and in its 
arrangements and facilities; and no doubt the Council and 
Secretary will continue to give this important department their 
earnest attention, and we may reasonably expect that both the 
contents of the library and ita accessibility will be still further 
increased. It is, however, somewhat remarkable that a greater 
number of members do not avail themselves of the additional 
opportunities of reference to the library which have been afforded 
them; and this brings me at once to the consideration of the im- 
portant qnestion of tbe manuer in which this Institution may be 
made more useful to Из members. The state of the finances as 
we have already seen, will prudently permit the expenditure of 
a larger annual sum than we now disburse, and therefore we are 
at full liberty &nancially to consider the question of additional 
Accommodation for the members; and I believe the library of the 
Institution would be far more valuable if an arrangement conld 
be made by which it might be kept open in the evenings fora 
certain number of days in the week, say until nine or ten o'clock. 
I have ascertained that no practical obstacle to this extension of 
use exists, and that the additional expense would not be oon- 
siderable. 

Most of the members of the Institution are necessarily ily i 
in their ordinary daily professional duties during the only hours 
when the library is at present available to them; and it if 
obvious that it is only іп the case of a special reference being 
required, or for some statistical purpose, that the library can be 
useful to members generally under the present arrangement. 
I can say from my own experience that I should have felt it a 
а great boon, as a young man, to have had the opportnnity of 
spending an oocasional evening in the library, and of reading 
and consulting the rich record of professional learning and ех 
rience now collected there, and therefore I throw out this hint 
горките the extension of the hours for reading. 

nother step might probably be taken with great advantage 
to students and engineers generally, viz., the systematic collection 
of good working drawings, specifications, and contracts for im- 
portant works in progress or completed, and with facility for 
reference to them in the library, and permission to make tracings 
or copies. There can be little douht but engineers in large prac- 
tice would permit copies to be taken of their working drawings 
and specifications for this purpose; and in addition to this assis- 
tance with respect to drawings it would not be difficult to obtain 
permission for the inspection of the works themselves, during 
their execution, во that young engineers might have the oppor- 
tunity, especially during the summer months, of seeing works as 
they are carried out, and comparing them with the drawings and 
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specifications to which they have had access іп Ше ИБгагу. I 
would algo venture to suggest that, in addition to the greater 
advantages which may be conferred on those using the library 
by extended time of access to it, and to the collection of working 
drawings and specifications, with arrangements for inspection of 
practical works, a limited number of lectures woull һе very 
valuable, if given by members who were especially conversunt 
with any given subject, on other evenings than those of the 
ordinary meetings during the session of the Institution. 

І now approach a question in connection with the Institution 
and its functions upon which, in common with the profession 
generally, l confess I feel very strongly, and that is, the necessity 
of providing as soon as possible a building more commodious and 
more convenient than that which we now possess, Our rapidly- 
increasing numbers have already reached the point when, аз I 
have previously stated, the theatre іп which we are now 
assembled is admittedly insufficient for the accommodation of 
those who wish to attend our discussious; and in addition to 
inadequate space, there are conditious inseparably attached to 
the present buildiug which prevent this room being properly 
ventilated and rendered comfortable. Тһе other rooms of this 
building are also totally inadequate for the ordinary purposes 
for which they are required, and on the evening of our annual 
conversazione especially, the crowding and discomfort are such 
аз to repel many of our best friends from venturiny to be present 
with us. With a proper building and well-arranged rooms, we 
shall also be able to have many objects of professional interest 
for our inspection and study, of which we are at present deprived 
--васһ as models of work and machinery, new articles, or new 
combinations, or possibly even а good museum. I hope, how- 
ever, we shall shortly be in a position to consider a proposal for 
а new building, worthy of the present position and the future 

uirements of the Institution. 

aving now frankly brought before the Institution some of the 
more important matters which appear calculated to influence the 
future of the members of our profession, permit me to say, in 
conclusion, that I am not sanguine enough to expect tliat I shall 
accomplish more in this address than direct the thoughts and 
attention of my professional brethren to the subject, and induce 
others more able than myselfto take it up. Tt cannot be doubted 
that the rapidly increasing prominence and importance of our 
profession imposes upon us grave responsibility, and the duty of 
vigilant watchfulness, во that the character of our members and 
the success of our works may be all that greater knowledge, 
wider experience, and more cultivated taste ought to make them, 
and that every new work of importance may be better than that 
which has preceded it, and remain as & monument of progress, of 
which all may be proud. It is not now sufficient that an engi- 
neering work should be durable and free from failure; but, with 
our present means of study and of knowledge, it will be expected 
that our works should display in a satisfactory degree the quali- 
ties of fitness, economy, and taste, in addition to that of durability. 

With deeper study and more complete preparation, the love of 
our profession and pride in its noble works will become greater 
and greater іп its students, and lead to that intense devotion and 
application which historv teaches us has alone produced the 
greatest works in art and science; and we cannot doubt that far 
greater triumphs remain to be, and will be, achieved by those 
whom I now see before me, than have yet been realised by either 
ancient or modern engineers. 

Amidst all the excitement of professional avocations however, 
let us constantly bear in mind and endeavour to imitate the 
example of the distinguished men who have been removed from 
amongst us doriug the last few уеагв, іп the bappy manner in 
which they succeede.l in combining personal friendship with pro- 
fessional rivalry, and in their uever-failing interest in the 
prosperity and usefulness of this Institution. 


January 30th.—The first paper read was on 
Viaduct.” Ву У. Н. Мила, M. Inst. С.Е. 

This viaduct was constructed for the purpose of carrying the Moray- 
shire Railway over the river Spey, m Craigellachie, Benffshire, the 
engineers being Mr. Samuel (M. Inst. С.Е.), and the author. It 
consisted of three spans of 57 feet each оп the north bank, and one span 
of 200 feet over the main channel of the river ; ordinary boiler plate 
girders conatituting the former, and the latter being of wrought-iron on 
the Inttice principle. The piers and abutments were of solid ashlar 
masonry, and the works were arranged for a single line of railway. 


“The Cratgellackte 
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It was stated that the Spey was one of the largest and most rapid 
rivers in Scotland, and was also subject to sudden and heavy tlouds, the 
water sometimes rising 6, 8, or 10 feet in as many hours, It was about 
110 miles in length, took its rise amongst the Grampian range, at an 
altitude of upwards of 1100 feet above the sea level, and for 10 miles 
above the viaduct, which was situated 15 miles from the sea, Ия average 
fall was 14 feet per mile. No part of the river was navigable for boats, 
but it was much used for the conveyance of timber, which was floated 
down in rafts. 

In designing this viaduct, it was necessary to provide an uninterrupted 
channel for the free passage of rafts, and to construct the piers and 
abutments во as to be able to withstand the blows and pressure from any 
blocks of ice, or floating timber, that might be brought down during 
floods, The channel of the river was at ordinary seasons 180 feet broad, 
and 4 feet deep in the centre. The height to the underside of the girders 
from the usual water-level was 20 feet. The bed of the river consisted 
of coarse gravel interspersed with large irregular boulders, overlying a 
compact layer of gravel and clay. A timber pile cofferdam could not, 
therefore, be advantageously employed, and it was decided to uae cast- 
iron cylinder foundations for the main pier, small river pier, and main 
abutment, and thick beda of concrete for the small land pier and 
abutment, The cylinders in the main pier and abutment мего 5 feet in 
diameter, and и the small river pier 4 ft. 3 in. in diameter. They were 
in two equal lengths, and formed, when bolted together, one complete 
cylinder 13 ft. 6 in. in length. Their size was sufficient to allow a man 
to work inside, the large bouldera being broken up with wedges, and 
removed in pieces, with the excavated material. The operation of 
sinking the cylinders was carried on night and day, generally with four 
or five at the same time, and so expeditiously that the eighteen cylinders 
in the main pier were fixed and filled with concrete in six weeks, and the 
fifteen cylinders in the main abutment, where a larger force was ein- 
ployed, in three weeks. "There were eleven cylinders in the small river 

ier, and, in all cases, the lower edzes of the cylinder were 13 ft. 6 in. 

low the bed of the river. 

The general arrangement of the plates, angle irons, and Т irons of the 
lattice girders provided for в free circulation of air to all the ironwork, 
facility for getting at the parts for cleaning and painting, and avoiding 
any opportunity for the lodgment of water or snow. These girders were 
parallel throughout, and their depth was 17 ft. 4 in. The top and bottom 
members were Т shaped, the width across being 3 feet, and they were 
composed of horizontal plates, a vertical plate, and four angle irons. In 
the section adopted almost every portion of the iron was brought into 
effective work, and took part in the strain. A single system of lattice 
bars was used for each girder, consisting of angle irons varying in section 
according to position and relative strain. The main girders were 17 feet 
apart from centre to centre, and they carried the railway on the lower 
flange. The cross girders were of wrought-iron 12 inches deep and 
4 feet apart, the rails being carried upon longitudinal timbers bolted to 
the cross girders. The lattice girders were held together laterally by 
five wrought-iron diapbragms, securely fastened to the main girders at 
the top, bottom. and sides, The lattice girders and the plate girders for 
the smaller spans were rivetted together at the main pier, and formed 
thus one continuous system. At the main pier the girders were bolted 
down to the masonry, while at the other piers and at the abutments the 
girders rested upon turned cast-iron rollers. 

The results of several experiments showed that the average breaking 
weight of the plates was 22°39 tons per square inch, and of the angle 
irons 24-16 tons per square inch. At the Government inspection, with a 
moving load equal to 1 ton per lineal foot, the deflection of the main 
girders was only {ths of an inch, and there was no permanent sct in any 
of the girders. Тһе effective sectional area of the bottom member, 
deducting for cover plates, rivets, &c., was 70 square inches, giving А 
tensile strain of 4-1 tons per square iuch. The effective section of the 
upper member, without deducting for cover plates, was 75°74 square 
inches, which gave a compressive strain of 8:73 tons per square inch. 

The quantities of materials used in, the Ише occupied in the execution 
of, and the actual cost of the different portions of the work, were given 
in detail. It appeared that the excavation of the foundations was 
commenced in May 1882, and that the viaduct waa opened for public 
traffic in July 1463. The total cost had amounted to £12,199, or equal 
to £29 10s. per lineal foot. 


The second paper read was on “The Grand River Viaduct, Mauritius 
Ratlways.” By W. RIDLEY. 

It was stated that the length of this viaduct, from abutment to 
abutment, was 620 feet, and that this distance was divided into five 
openings of 116 feet each in the clear. The height from the level of the 
rails to the surface of the water was 129 ft. 9 in. Each pier was 
composed of two cast-iron cylinders, each 10 feet in diameter, resting 
upon masonry foundations, and filled with concrete; the works being for 
a single line of railway. Mr. Hawkshaw (Past President, Inst. C. E.) 
was the consulting engineer to the Government of Mauritius, and tho 
contractors for these railways were Messrs. Brassey & Co., for whom 
Mr. Longridge (M. Inst. С.Е.) acted as resident agent. In constructing 
the piers of this viaduct, cylindric rings 9 feet high were divided into 
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five segments each, and were bolted together by internal flanges. The 
abutment on the Port Louis side was built upon hard tufa, and No. 1 
pier rested upon a rock projecting on the side of the ravine. During the 
excavation for the foundation of No. 2 pier considerable trouble was 
caused, owing to the pier being situated close to to the edge of the river, 
and from the nature of the ground, which consisted of large boulders 
and fine river gravel, the water freely percolating on all sides. At first 
it was thought that the water might be kept out by a series of dams, 
but these proved ingufficient, as the water found its way through the 
bottom in such quantities, that it became necessary to resort to steam- 
power. In order to render the working of the pumps more effectual, 
the straight discharge pipes, which were 4 inches in diameter, were 
tapered out at the discharge ends to 84 inches. The effect of this 
alteration was, that nearly twice the amount of water was delivered. 
The two pumps made 300 revolutions per minute, and discharged nearly 
3000 gallons per minute. It was next resolved that tbe foundation 
should be formed of blocks of concrete, and that sufficient excavation 
for one block only should be taken out аба time. Tarpaulins were laid 
in the bottom, and for 4 feet up the sides of the excavation, for the 
purpose of preventing the numerous springs of water from washing out 
the cement, and this plan was found to answer perfectly, five distinct 
blocks being thus successively 1414. The foundation for Хо. 8 pier was 
of the same description as that of No. 2 pier, while Мо, 4 pier and the 
adjoining abutment were founded upon rock and hard tufa. 

The segmenta for the first rings of each pier were lifted into their 
places by means of sheer-legs and tackle. and in two cases the second 
rings also; but subsequently a mast, with а cross-tree nnd struts, 
mounted on a frame inside the;cylinder, and free to revolve easily when 
required, was employed. Ав each ring was completed, the mast, with 
its supporting frames, was lifted, the time occupied in effecting this 
being about four hours and a half. Eleven pairs of rings were thus 
placed оп No. 1 pier, thirteen each оп Nos. 2 and 3, and ten on No. 4. 
The heights to the top of the last ring on each pier were respectively 
99, 117, 117 and 99 feet. The weight of each segment lifted was 
82 cwt., and one set of men іш one day completed one ring and raised 
the mast. 

Piers Nos. 1 and 4 were filled with concrete from the adjoining 
abutments. А single contractor's rail, weighing 23 lb. per lineal yard, 
rested оп two frames, that on the abutment being higher than the one 
on the pier, and on this rail a box with a false Бойош was made to 
travel, by a sheave rolling over it, The box contained 7 cubic fret, and 
Weighed, when filled, 84 cwt. ; ая soon as the contents were discharged, 
the box was drawn back by a rope. At piers Nos. 2 and 3, the concrete 
was lifted by ineans of an endless ladder of iron, worked bya small 
engine. At every alternate joint was fixed, by angle pieces and 
diagonal stays, a light deal shelf, sufficiently large to hold a basket 
containing nearly a cubic foot of concrete. When these baskets arrived 
nt the tops of the piers, they were lifted off and emptied, and were 
returned on the undersides of the shelves. Ву the former method 
59 cubic yards were completed daily, whilst hy the endless ladder about 
40 cubic yards were deposited in the same time, with one hundred men 
working at each. The concrete was carried to a height of 3 inches 
above the tops of the cylinders, and consequently bore the whole weight, 
the cylinders merely serving the purpose of a casing, and preventing the 
concrete from crushing laterally. 

The girders were sent from England in sections of about 12 feet long, 
which on arrival were transported to the Mahébourg side of the river, 
und were rivetted together in lengths of 36 to 48 feet. A gullet was 
here excavated to the level of the abutment, and extending backwards 
to a distance of about 280 feet, it then rose at a slope of about 1 in 5 to 
the formation level. In this gullet the first lengths of girders were to 
have been built, aud, as they were pushed forward, the succeeding 
sections were to be brought down the incline and added on. The 
arrangement for launching the girders was, however, considerably 
modified in England; but this modification, simple and effective as it 
appeared to be, and good as it was theoretically, practically proved a 
failure, and had eventually to be abandoned. The original plan was 
then resorted to. A liue of flat-bottomed permanent-way raile, laid on 
longitudinal timbers, resting on cross sleepers, waa placed under the 
centre of each girder. At every 12 feet a balk of timber, forming a skid, 
was placed transversely across the rails, aud the girders were wedged up 
upon these balks. On the uudersides of these balks, and over that part 
which would bear upon the rails, a thin plate of iron was fixed by two 
bolts, the heads of which were flush with the surface of the top, whilst 
the nuts projected underneath, and came up close to the inside edges of 
the rails, acting ав guides to keep the girder in line when travelling. 
When the girdera were ready to be moved, the rails were well 
and men were placed at the ends of each skid, with sledge-hammers to 
keep striking it, to prevent sticking, as well as to assist in starting. The 
rails were laid throughout the gullet, to within 5 feet of the face of tbe 
abutment, the underside of the rails being level with the surface of the 
masonry. When the skids arrived at the end of the rails, they dropped, 
and were removed. On the top of the bed plates, the bearing plates for 
the permanent expansion rollers were bolted. These plates were tapered 
off at the ends, so as to allow the rollers to enter and to pass freely in 
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nad out. The latter were linked together, and after they travelled over 
the plates were taken out and returned, and linked on to the rollers just 
entered, and were gradually drawn in under the girders. Short keel 
pieces were followed up on the rollers, ан the girders advanced, by men 
stationed on a scaffold. The launching was accomplished by means of 
powerful tackle and winches, and was so effectual that in one day the 
girders travelled 12 feet every fifteen minutes; subsequently they were 
advanced 108 feet in four hours, and the last span was completed in six 
hours and twenty minutes, the entire length of the girders, 830 feet, 
moving quite freely. Tho roadway girders, plates, and permanent way 
were then laid, and in fourteen days after the launching was fini 
trains were running over the viaduct. The girders fixed to the centre 
pier, while they rested upon rollers at the other piers and at the abut- 
ments, and во were free to expand and contract. Тһе total weight of the 
superstructure was 560 tons, of which the roadway weighed 147 tons; 
and the total weight of ironwork in the piers, including bed plates, expan- 
sion rollers, &c., was 993 tons. 


February 12th. — The Paper read was “ Onthe Principles to be observed in 
the designing and arrangement of Terminal and other Ruilway Stations, 
Repairing Shops, Engine Sheds, &c., with reference to the Traffic and the 
Rolling Stock." Ву W. HUMBER, Assoc. Inst. С.Е, 


In this paper the author proposed to aupply what he conceived to be 
a want in the records of the Institution, the details of the arrangements 
of some of the principal metropolitan and other railway stations, par- 
ticularly of a class which might be called “ terminal-intermediate,” as 
being a combination of both kinds, such as that at New-street, Bir- 
mingham, as well as of goods yards, wharves and depóts, and locomotive 
and carriage sheds, manufactories and workshops, which, it was to be 
regretted, had not been dwelt upon in the comprehensive communication 
“On the Arrangement and Distribution of Railway Stations,” by 
Мг. В. J. Hood, (М. Inst. С.Е.) read at the Institution in the session 
1857-4, and published in the “ Minutes of Proceedings of the Inst. С.Е." 
Vol. xvii., рр. 449-451. For this purpose the plans of the following 
existing stations, &c., were illustrated and described, as they were 
believed to embody the leading principles and requirements involved in 
the construction of such works:—the Victoria Station, Pimlico, fur the 
London, Chatham and Dover and the Great Western Railways, as well 
as that for the London, Brighton and South Coast, and the Crystal 
Palace lines; the Euston, Birmingham,-and Stafford Stations of the 
London and North Western Railway; the Newton Junction Station on 
the South Devon Railway: the goods station at King's-cross belongin 
to the Great Northern Railway ; the workshops at Battersea, обра 
with the London, Chatham and Dover Raley: and the Railway 
Carriage and Waggon factory of Messrs. Brown, Marshall and Co., at 
Birmingham. 

The author considered, that at terminal, terminal-intermediate, and 
junction stations, the through and the local traffic should be kept distinct; 
that excursion traffic should not be allowed to interfere with the regular 
Louking oftices, either for through or local trains; that the platforms for 
the through traffic at terminal and junction stations should be at least 
30 feet wide, and for the local traffic, docks, with separate lines af rails, 
could if desired be taken out of the extreme ends of these platforms, as 
at King’s-cross ; that the in and the out parcels offices should be at tbe 
ends of the platforms furthest from the passenger and carriage entrances, 
as ot Kiny's-cross and at Paddington ; that the position of the left 
luggage and cloak rooms at Paddington had been found to be convenient; 
that all closets, &c., should be well ventilated, and be designed to 
perfonn the maximum of work with the minimum of water, closets being 
arranged to flush both on the opening and the olosing of the doors, and 
glazed basins being preferable to slate for urinals, and that lavatories 
should be provided at all terminal and junction stations, as at Perth, 
even if a small charge were made for their use, which was not however 
the case in the instance cited. 

He thought that the carriage running and repairing sheds should be 
adjacent to terminal, terminal-intermediate, and junction stations, to 
avoid “dead” mileage, and that the best situation was possibly between 
the passenger and the goods station. A siding under cover should also 
be provided for engines in steam, with facilities for coking and watering. 
The goods yard and sheds might be either attached to and form part of 
the passenger station, though distinct from it, or a preferable plan was 
to place it at a distance, inclosed within its own wall. Its position, 
with regard to the main line, should be such. that trains might be 
run direct into and out of the sheds, &c., without the trucks having to 
be uncoupled. There ought to be separate arrival and departure piat- 
forms, provided with appliances for the rapid loading, unloading, and 
sorting of goods. It was desirable that mineral and guods traffic should 
be kept distinct, that sorting sidings should be provided for both, the 
arrangemeuts being in all cases made with а view to avoid, as far ва 
possible, the necessity of shunting with engines. At junction and 
terminal-intermediate stations, there should be two through lines in the 
centre, over which goods and mineral traffic might be worked ; and all 
such stations should be on a level, with short descending gradienta at 
each end, to assist in stopping and starting the trains. At emal 
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terminal stationa it was convenient to have Ше goods shed clone to the 
passenger station, and parallel to the line, that the trucks might be 
shunted into it. 

The engine and running sheds should be devised to facilitate the ready 
admission and exit of engines, as well as for overhauling, cleansing, and 
the execution of repairs. The shede should be lofty, well-ventilated, 
have plenty of light, and space for the passaye of men between the walls 
and the engines. The engine pits should be paved and well drained, and 
there ought to he similar pita outside the sheds for rough and dirty 
work. A plentiful supply of water, with a good pressure, and accessible 
by means of hydrants, &c., was necessary for cleansing and washing out 
the engine boilers whem over the pits in the sheds. Lifting shears and 
overhead traversers were deemed to be superior to jacks, and the waste 
heat from the coke furnaces was useful for drying the sand to fill the 
boxes of the locomotives, as well as for heating the sheds during the 
winter months. The coke platforms and the water cranes should be at 
the sides of the lines into or out of the sheds, so as to be accessible 
without shunting. . 

Three classes of establishments were needed on all important lines, 
first, that for the construction and renewal of locomotive and carriage 
stock ; second, the running shops, where light repairs might be executed; 
and third, engine and carriage sheds for receiving the stock when not 
in use. Тһе principal workshops should be situated where labour and 
materials could be most cheaply and easily obtained ; and they should 
be so arranged aa to avoid unnecessary handling and shifting of material, 
the aim being to let the raw material enter at one end, pass through its 
various stages, from one machine to another, until it came out in a 
finished state at the other end. 

At the Victoria Station, Pimlico, two principles were illustrated, the 
booking offices being parallel with the London, Chatham and Dover, and 
at right angles to the Brighton line. Тһе former plan was useful for 
trains of great length, at distant intervals, though it became а question 
whether the arrival platforms did not then exceed in length the longest 
trains. А long departure platform admitted of a second train standing 
behind one about to start, but without care this was liable to lead to 
confusion. Where the traffic was of a mixed character, with trains in 
quick succesaion, the end booking offices seemed to be the best, pro- 
vided that there was sufficient width of frontage to allow of the several 
booking offices being distinct, and opposite to their respective platforma. 
At tbe Euston Station, the booking offices were eituated on each side of 
the large central hall, from which access was gained to two departure 

latforms, one on either side. Ав the trains were started indiscriminately 
hon both, it was submitted that this plan must lead to confusion. The 
great length of the platforms was a good feature, but the lowness of the 
roof was objectionable, and the frequent supporting columna песевві- 
tated many turn-tables. The London Bridge Station of the South 
Eastern was cited as an illustration of the way an immense traffic had 
been worked in an inconvenient position and a restricted space, by 
combining to a certain extent the three systems of having booking 
offices on the departure side, at the ends of the platforms, and in a fork 
between the lines ; which alone it was believed had rendered it possible 
to accommodate the numerous trains for the main line, the North Kent, 
the Mid Kent, and the Greenwich traffic. 

The New Street Station at Birmingham was an intermediate one for 
the London and North-Western and the Midland railways, and a 
terminal one for the Stour Valley. There were two main lines through 
the centre of the station, and the platforms were approached by sidings, 
so that the through traffic need not be interrupted. The station was 
situated in a cutting between two tunnels, and was во close to one, that 
the pointa for parting the trains were within the mouth of the tunnel, 
leading freqnently to delay. The roof was in one span, and a conside- 
rable height Кош the ground, securing ample ventilation. The Stafford 
Station, reofntly erected, was terminal for the Trent Valley nnd 
Shropshire Union trains, and intermediate for the London and North- 
‘Western. Here also there were two main centre lines, the platforms 
being likewise approached by sidings, while there were docks at each 
corner of the station for local or terminal traffic. The goods station was 
only a short distance from that for passengers, and there were sorting 
sidings for the goods, but only on one sideof the line. Newton Junction 
on the South Devon Railway was approached by a single line at one 
eod, and was provided with three platforms, two for the main line traffic 
and one for the Torquay and Dartmouth Branch. The carriage re- 
pairing shops, engine and running sheds, smithy, &c., and the goods 
wareliouse bad all been proved to be conveniently arranged. 

Tbe Goods Station of the Great Northern Railway at King's-cross 
comprised goods warehouses, coal depdts and wharves, potato stores, 
engine ehed, repairing sbeds, stores, stables, and all the necessary offices 
for conducting tbe large goods and mineral traffic of that line. The 
Midland Railway had also а goods warehouse, and a circular running 
shed at one side of the station. The Great Northern goods shed was 
nearly in the centre of the yard, and there were fourteen lines of way 
running into it, with a platform on each side for the reception and dis- 
ра of goods, space being reserved outside these, but still within the 

uilding, for the vans engaged in collecting and distributing the goode. 
The outer lines next the m ACH were used, one, on the ева side, for 
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unloading the trucks with the inward goods, and the other on the west 
side, for the loading of the outward goods. The inner lines nearest to 
these were used for the arrival goods trains, and for empty trucks and 
making up trains for departure. After the trucks were unloaded they 
were taken by means of a turn-table and through cross roads to the 
departure side, whence they were removed aa required, were loaded and 
dispatched. There were great facilities for the rapid dispatch of goods, 
both inwards and outwarda. Тһе goods were entirely under shelter, 
could be unloaded, loaded, and dispatched without the use of а loco- 
motive in shunting, except at certain seasona when the traffic was very 
heavy. Hydraulic power was employed for working the cranes, and at 
all large stations it was found to be economical in every respect. The 
stables were under the platforms, by which a great saving of space waa 
effected. The granary was at the south end of the goods shed, and was 
approached by two lines through the centre of that shed, two other lines, 
one on each side of the former, being reserved for full trucks. After. 
being unloaded the empty trucks were removed by two lines, one on each 
outer side of the goods shed. There was a water communication between 
the granary and the goods shed and the Regent’s-canal, во that lighters 
could receive or discharge their freights direct from or into these build- 
ings. On the westside of the goods shed were the coal depóts and 
staiths, and а coal and a stone dock also connected with the Regent's- 
canal. Adjoining there were numerous private wharves for bricks, etc. 
On the north were the engine, repairing, and carriage sheds. These 
were laid out on the radiating or fan-shaped system. There were eleven 
lines in the centre, at the extremity of the fan, іп the repairing shed, 
with shops in the rear, seven lines on the south in the locomotive 
painting shed, and seven on the north in the carriage shops. Тһе run- 
ning shed was placed in the centre of the fan, in front of the repairing 
shed, with which it communicated by means of а through line, connected 
with the repairing shed by means of a traverser. 

The locomotive workshopa of the London, Chatham, and Dover 
Railway, at Stewart’s-lane, were conveniently arranged with a view to 
the saving of labour, but were not so extensive as those at Crewe, 
Wolverton, or Doncaster. A single line of rails connected the works at 
the entrance with the main line, by means of points and crossings. 
Two parallel lines of way, running east and west, were connected with 
the several buildings by turn-tables. Roads for spare trucks, ete., con- 
nected with the main line, were provided with a separate entrance. 
Adjoining were the repairing shops and a semi-circular running shed, 
struck with a radius of 150 feet. Only the outside 50 fect were covered, 
and in this building there were twenty-&ne stalls for engines and tenders, 
The turn-table was not covered, nor the forty roads radiating from it, 
each of which was sufficient for an engine with its tender. It was con- 
nected with the main line by three separate lines. The disadvantage of 
this arrangement was that, should the turn-table get out of order, all the 
engines then in the shed would be penned up until the defect was 
remedied. At the back of the running shed was a repairing shop, with 
smithy, engine and boiler house, etc. 

The new shops of the London and South Western at Nine Elms, ahd 
the engine sheds of the Metropolitan at Bishop’s-road, were supplied 
with traversers worked by steam power, by which a saving of space was 
effected. The employment of duplicate traversers, one for each end, to 
prevent delay in the event of an accident, would probably be ultimately 
adopted. Detailed particulars were given of the Britannia Carriage 
Works at Birmingham, belonging to Messrs. Brown, Marshall & Co. ; 
and it was stated that they were conveniently situated in regard to 
railway and canal accommodation, and to facilitate the economical and 
rapid manufacture of railway carriages, waggons, etc. 

The relative merits of the three kinds о! engine and running sheds, 
the rectangular, the circular, and the radial or fan-shape, were then 
considered. Тһе latter system required great space, but by placing 
the running shed in the centre, in front of the repairing shed, the area 
was utilised. Another disadvantage was that all the engines must pass 
over one pair of points; but this was not so objectionable as the single 
turn-table in the centre of the shed. To guard against delays from 
accidents, a few engines in steam should always be kept at the terminus. 
The accommodation afforded by the rectangular building in the centre of 
the fan was equal to that provided by the circular, while the area covered 
by the latter was nearly one-third more. The rectangular required в 
greater amount of permanent way, but the building was less costly. 
The only advantage the semi-circular possessed over the circular shed 
was that а portion of the radius only was covered, whilst в greater 
length of extra road waa required between the turn-table and the shed. 


-------- 


THE CONSTRUCTION ОҒ IRON VESSELS. 
By James LYALL, Jun. 


IT is an existing necessary evil in our modern wrought-iron 
structures, that plates requiring to be fastened together must be 
perforated, that they may be united into one complete whole; for, 
as a natural consequence, that part of the plate so treated mast 
be reduced in strength in proportion to the number and size of 
holes perforated, whether the same be done by drilling or 
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punching; therefore all unions made by rivetting never can be 
equal in structural value to the entire plate, by at least the 
sectional area of the holes іш the line furthest from the butt or 
joining. This objection may, to a great extent, be got rid of by 
a little reflection and care in arranging the number of holes 
necessary, and increasing the width of the butt strip, when such 
сап be done, and by substituting а superior quality of irou for 
butt strips; or by making them thicker, when the plating is of 
the thinner class, the strength through the line of holes next the 
butt may be maintained when it is necessary to pitch the holes 
closer, for the purpose of making the seam water-tight. 

It is also essential in uniting the parts of a structure together 
by rivetting, that the rivets be of the requisite form and size to 
suit and fill tbe holes tightly at all parts. The best mode of 
accomplishing this has been the subject of much discussion 
among engiveers. Many advocate drilled holes, some prefer 
reaming them out after they have been punched, while others 
cousider punching the superior plan. The anthor is of opinion, 
where plates are regularly punched from the proper sides, so 
that the вшаПег diameter of the holes shall adjoin each other 
in their respective plates, no mode at present practised can sur- 
pass punching. 

It must certainly Ре admitted that a pin or rivet in its ccld 
state can be made to fit a parallel smooth hole better than it 
could a hole made by a punchiug machine, but the circumstances 
are altered when red-hot rivets are substituted, ав by the aid of 
the hammer or rivetting machine they may, while red-hot, be 
forced into the inequalities of unfair and very rough holes, and I 
think the rough surfaces which punched holes present assist to 
increase the adhesion of the rivet with the plate. Moreover, so 
long as heated rivets are used, drilling holes would be but a use- 
less expenditure of money, seeing that by the quickest mode of 
drilling a greater expense would be incurred over punching an 
equal number of holes having a common diameter and depth, 
nnd it has yet to be seen that the rivets would fill the holes, even 
when they are drilled, as the holes require to be made larger 
than the normal size of the rivet, to allow for its expanding when 
heated. So it would under the most favourable circumstances, 
in a parallel hole, only fill that part near to the head in course of 
formation. This defect would be experienced toa much greater 
extent when three or four thicknesses had to be rivetted together; 
and would apply also to punched holes, but might be obviated 
without incurring additional expenses further than obtaining 
and supporting a few more punches and dies. When it is 
required to rivet several thicknesses of plate together, a hole of 
an uniform taper may be obtained by having a separate punch 
for each plate; and we would then be in possession of a mode of 
fastening equal, if not superior, to the fairest bole which could be 
drilled for the reception of a rivet. 

In boring through a number of plates there is the further 
objection that the drill produces burs on the inner surface of each 
plate, and if these be bolted together, in a vertical or slantin 
position, the borings get between the adjoinivg surfaces, to ri 
them of which it is necessary to discunnect and in some cases 
remove the plates after they have been drilled; and then it is not 
to be expected the plates will be replaced exactly in the same 
positions as they were when drilled. Not that it cannot be done; 
but it is useless to expect that this class of workmen will exercise 
the same care as those engaged at a finer department of engi- 
neering work. 

Drilling, on the other hand, has the decided advantage of being 
accomplished with the minimum deterioration to the plates. 
This fact has been borne out “іп a series of experiments made 
шапу years ago by Mr. Fairbairn; the mean tensile strength of 
seven specimens wasreduced frum 52,486 1Ь. per square inch before 
punching, to 41,590 Jb. per square inch of solid iron left between 
the holes after punching, more than 28 per cent. of the strength 
of the iron being destroyed by punching, a loss distinct from that 
of the metal actually punched out.” 

The tieing and stiffening, as well as the strength of the shell, 
and the fastening by which it is connected together and to the 
framework, are all more or less subject to changes according 
as the vessel approaches to the form of a sphere, or assumes that 
of a parallelogram, or other figure bounded by straight lines, and 
with the relative proportions of the same, while to both should 
be given a greater power of resistance at those parts which are 
subject to greater pressure rrom their greater depths. 

It is here, I think, a mischievous mistake is made by stopping 
short the bilge stringers towards the fore and after ends, where, 
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from the forms of our wooden vessels, and especially steamers, 
these parts have leas power to resist the heaviest lateral strains, 
and hence that working called “pautiug,” experienced to a 
considerable extent in the “ peaks” of steamers going at high 
velocities, on draughts ranging from 16 to 22 feet water. Al- 
though the after end may not be subject to panting from the 
same cause as those producing it in the “entrance,” yet in screw 
steamers it is of great importance that the “run” be as well tied 
and stiffened, that it may be a check to the vibration во much 
felt on board many of our screw steamers, If these can be 
lessened bya little outlay at first, itis gain in the end, eveu where 
the comfort of passengers and the preservation of valuable 
cargoes are not taken iuto consideratiun, as, where there is that 
liability on the part of a structure to work there is, so long as it 
continues, а costly and irreparable evil. 

Now this panting action at the ends of sharp vessels, is 
principally confined to: that class which requires to be immersed 
to a considerable depth in a rising wave, before displaciug a 
sufficient volume of water to become buoyant, and as it is this 
immersion with its alternate releases which greatly augments 
this panting action, intensified by the high speed at which the 
vessel is going, it is requisite that this weakness be met, aud the 
working prevented by placing material of a suitable forni, and 
capable of uniting and extending over that portion of the vessel 
subject to the action complained of. The fuller vessel, although 
able to carry more in the ends, has, with the increase capacity, 
a greater displacement and consequent buvyancy, and therefore 
cannot be immersed to so great а depth as her finer opponent, 
nor yet so frequently in a given time, her speed being less than 
the other; besides, the rounded form of her ends is better suited 
to bear a greater lateral strain with less injury to her structural 
properties. It might, therefore, be questioned whether, with 
the same or even less lateral stiffening in the ends, the fuller 
vessel could not perform her work through a given time with 
less injury than could be obtained from the finer vessel. 

The strain which exposes the great weakness in long iron 
vessels is that to which they are subjected when accidentally 
caught in the middle or by the ends, with the greater part 
unsupported, as in the narrow part of a river or on a submerged 
bank or rock, or when one of the ends, for a considerable leugth, 
шау be'overhung in a place where there is not at all times 
sufficient water to float the suspended part, and prevent the 
strain, due to the weight of that part with the cargo it contains 
and its length, affecting the upper works of the vessel. These 
are very unfrequent occurrences, it is true, bnt is it not the duty 
of the naval constructor to provide—so far as is within his power 
—for such emergencies? "These strains—although of a shorter 
duration—are the same when the vessel is “pitching” and 
“ scending " in a heavy sen, and perhaps, for the duration of each 
rise and fall, are far more severe,—the strain which is produced 
by the weight and length of the suspended part, and the cargo it 
contains, being now aggravated by the velocity at which it is 
raised, and the sudden shocks met with in its descent. 

The straining of vessels does not at all times act in a vertical 
direction, ав in а common girder, but at an angle due to that at 
which the vessel may be sailing while suhjected to those strains. 
It therefore becomes a matter of equal importance to have the 
sheer or mouth strake as well as the deck stringers and ties of a 
superior quality of material, possessing a high elastic limit, and 
also the best arrangement of fastening known, so as to obtain the 
greatest possible strength which cau be bad with the material 
disposed in this part of the structure. If it were possible to 
connect the buttsof the outer thickness or strake without re- 
ducing that of the inside strake, such а method would most 
unquestionably be of the highest importance to the strength of 
the vessel, but as it has to be rivetted through the inside strake, 
which becomes the butt strip, there is a great deal of unnecessary 
weight carried in the upper parts of such vessels, which is really 
doiug no good to the tensile strength of that part. An extra 
butt strip is sometimes put on the inside of the inside strakes at 
such parta, by which the rivets pass through three thicknesses, the 
two inner of which are but butt strips for the outside one, and gives 
rise toa new evil in a structure exposed to the heaviest tensile 
Strains, as the material is now fastened to the ends of rivets of 
more than ordinary length for their diameter. Could not the 
same strength be obtained by substituting a better class of 
materials for the sheer strake; or by using butt strips only, but 
of a size sufficient to form the liners of the adjoining frames to 
those between which the butt is, whereby the best possible 
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arrangements of rivets could be made, supposing the butt strips 
to be of a quality having a tensile strength equal to the best 
manufacture 1 

According to Mr. Fairbairn’s article on the strength of iron 
vessels, in his valuable work, ‘Useful Information for Engineers,’ 
the upper works of our mercantile marine are very far below the 
requirements necessary to meet such contingencies as we have 
already supposed; being suspended either by the middle, the 
enda, or with one end overhung, and not sufficient water at all 
times surrounding it to prevent the upper works being strained 
to their ultimate destruction; and in showing how the required 
strength might be obtained, proposes to place longitudinal cells 
or box girders in the line of the upper deck beams. The 
impossibility of having the inside surfaces ot these girders 
periodically ex amined and painted is & great disadvantage, and 
one likely to stand in the way of their ever being adopted 
as a meaus of strengthening the upper works of vessels. A 
moditication of the same might however be adopted—if such au 
arrangement should be esired—eonsisting of longitudinal 

irders of the H section, of the same depth as the athwart-ship 
ams, the ends of which would butt against the sides of the 
longitudinal girders, and be rivetted thereto by longitudinal 
plates on the upper aud under sides, of aufficient width to allow 
of their being securelv fastened together. But it would appear 
in tbis, as in nearly all engineering matters, each constructor has 
bis own opinion as to what ів a sufficient section of iron to effec- 
tually resist the “breaking” of a ship when exposed in the 
manner already described. 

Mr. John Vernon, іп а v2ry elaborate paper on this subject, 
read before the Institution of Mechanical Engineers at Liverpool 
in 1863, showed that the strength of an iron ship of 1200 tons, 
built to take the highest class obtainable, was sufficiently strong 
to euable her to meet any of the above emergencies without being 
injured. To take *the same example us tbat adduced b 

г. Vernon; and first, let the vessel be resting by the ends, with 
with the middle unsupported, and the distance between the 
supports as given, 185 feet. The sectional area in tension, which 
is made up on the assumption that all the strakes of side plating 
are effective to resist tension “іп proportion to their respective 
distances from the neutral axis,” із “547 square inches.” The 
weight of the ship is “758 tons," that of the cargo “1945 tons,” 
making a total amount of “2703 tons" “The length unsup- 
ported being divided into 14 equal portions, the respective cargo 
capacities or loads of these are in the proportious of 11, 20, 23, 23, 
22, 14 respectively, proceeding from the stern tothe bow. The 
resalt obtained by takiug a mean effect of these several loads at 
the centre of the vessel, is that the strain produced at the centre 
by the distributed load amounts in this case to 74 per cent. of 
the total load instead of 50 per cent, or one half the load as 
would have been the case if the distribution of the load had been 
uniform throughout the entire leugth. Hence the total dis- 
tributed load carried being 1945 tons, as ascertained above, the 
equivalent centre load will be in this case 74 per cent. of that 
amonnt, or 1439 tons; and the additional weight of the vessel 
itself, 758 tons, may be considered as equivalent to а load of one 
half the amount, or 379 tons at the ceutre, making together a 
total load at the centre of 1819 tons, one half of which, ог 
909 tons, is acting at each end by tension on the lower part of 
the vessel, with a leverage of 924 feet, or half the length of the 
unsupported portion of the vessel.” Following this up, we have 
909 tons, the weight acting at each end by tension into 92$ feet, 
the distance at which this load is supposed to act from the centre, 
equal to a tension of 84,0825 tons, to resist which we have 
“ 547 square inches," at a distance of “ 9 feet" from the neutral 
axis. Кот, а double rivetted joint is only equal to about 14 tons 
per square inch of section when the plates are of a quality capable 
of bearing 20 tons per square ineh, and as the vessel uuder 
consideration would be double rivetted, the value of each square 
inch of section must be allowed to be the same as that of the 
double rivetted joint. We have, therefore, 547 square inches, 
into 14 tons, into 9 feet, equal to a resistance of 68,932 tons; but 
showing a deficiency of 5160°5 tons, or about 369 square inches, 
at the same value—l4 tons per square incli—and this, after the 
side plating and lower hold stringers have been taken into the 
ealculation. Mr. Vernon, however, meets this by setting down 
17 tons per square inch of section as the tensile strength. 

Let it now be supposed that the strain is throwu upon the 
upper works of the vessel by its being suspended at the enda and 
resting in the middle; using the same data as Mr. Vernon, we 
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have the load at the end of the vessel amounting to only 44 per 
cent. of the total load, instead of 50 per cent., or one half as much as 
would have been the case if the load had beeu uniformly distiibuted 
through the entire length. With 45 per cent. of the whole 
weight carried, which is 1945 tons, we have 856 tona, in addition 
to which there is the whole weight of the vessel, one half of 
which acts in conjunction with 44 per cent. of the whole load, or 
856 tons, making а total of 1235 tons, one half of which, or 
6175 tons, is acting at each end bytension upon the upper works 
of the vessel. Let this load be supposed to act at a distance of 
92) feet from the centre ou each end, by which a strain of 
57,118 tons will be produced. This, as before, is obtained by the 
load 617:5 tons into the distance at which it acts from the centre 
of the vessel to be resisted by “275 square inches”—obtained ая 
before in the bottom part into 16} feet—the distance from the 
neutral axis, which, taken as before at 14 tons per square inch 
for double rivetting, gives 275 x 14 х 16], equal to about 
62,562 tons, showing 5444 tons above wbat is required for such 
an emergency; but this 275 square inches of section includes the 
side plates from the neutral axis, as well ав the stringers, ties, 
and angles of both decks, and the sheer strakes. Where the 
centre of strain is not the centre of gravity of tbe material 
intended to resist that strain, the latter пеуег can ішрагі its full 
value to the structure ot which it forms а part. Hence it will be 
objectionable to include the vertical plates on the side of a vessel 
below а given depth under the main or other deck under which 
the principal fastening is, and above a given height over the keel 
in vessels of ordinary dimensions, 

Mr. Vernon has, however, made allowance for the above 
defect, by reducing the value or number of aqnare inches in every 
strake in proportion to its relative distance from the neutral 
axis. When the way in which the upper works and bottoms of 
vessels are affected when uuder strain is considered with the 
elastic limits of wrought-iron, and that in “ ship plates,” this 
property 18 very limited, it may be questioned whether any of 
the plating under the sheer strake and that adjoining it can be 
said to unite with the stringers and the plates іп ressiting any 
strain to which they may be subjected before these have been 
strained beyond their elastic limita, even whenu the strain ia 
transmitted in an oblique direction; and in view of the limited 
extent of this latter pruperty, the author docs not think it ad- 
missable to estimate a number of vertical strakes on different 
planes, as if they were laid iu horizontal layers, or of a shelved 
construction, the position most efficacivus to resist teusion, ав is 
done by takiug the centre of gravity of each strake, and соп- 
sidering the whole area of the same to act at their respective 
distances from the neutral axis. If it were not for this and the 
defective mode of arrangement, how is it that so many fine vessels 
have been torn asunder when so exposed? Із it to be wondered 
at, after such calculations have been made, in which the highest 
creditis given to the material, in the manufacturing, as well aa 
uniting of which together, so many hidden flaws are never 
detected. This practical test should show that, instead of а 
sufficient or surplus strength, there hag been a very great 
deficiency. 

A structure subjected to continued npplications of a load 
exceeding one-third of its breaking weight will ultimately fail if 
these are very numerous. It is not difficult therefore to see that 
а vessel which has been at work for some years may be impaired 
in strength by the strains it has undergoneduring that time; and 
that in its being exposed to a strain of longer duration, in the 
way which we have already supposed, the breaking of the vessel 
is but the completion of a work which for some Ише has been in 
progress, А vessel ut sea із never exposed to atraius produced 
by the same leugth of overhang ав that at wbich the foregoing 
calcniations are made, but bere the strain із a gradual one, 
whereas that when the vessel is pitching it is greatly angmented 
by the velocity of each rise, to an extent which will make it very 
severe on the parts in teusion, supposing the suspended part be 
very much shorter. 

As the value of any tie is proportional to the sectional area of 
the rivets uniting it to the parts tied by it, it would appear 
unnecessary to tie the deck or any other part of a ede by 
lengths of iron placed at any other angle than a right angle to 
the beams, or parallel to the length of the vessel. If the sectional 
area of the rivets by which the ties or bracing are united to 
the beams are equal, and extend over a certain part of their 
length, might not, therefore, the material used as diagonals be 
annexed to the present tie plates, and united with them in over- 
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coming any tensional strain to which the upper works may be 
exposed, and at the same time overcome the zigzag action im- 
puted to iron vessela ? If this view be a correct one its adoption 
would give шоге satisfactory results, with less cost than can be 
obtained by the present use of diagonals. 

In the former days of wood shipbuilding, a rise was given to 
the ends of the vessel to hide any appearance of “hogging.” This 
sheering of the decks and bulwarks of a vessel in no way in- 
creased her strength as a whole; but, on the contrary, weakened 
that part which was shallowest, although it gave the appearance 
which was sought. In iron vessels this practice has been very 
considerably lessened by a few constructors; and, so far as the 
strength of the vessel is concerned, it is perhaps to be regretted 
that these are but a few; for as long as the practice of sheering 
the upper decks, on which the principal fastening is arranged, is 
followed up, this fastening will be defective іш imparting its full 
value as longitudinal ties, and even the stringers will be similarly 
influenced to prevent them acting in perfect unison with the 
sheer strakes when these are subjected (о tensional strains, as 
before the ties can come into tension at the lowest part of the 
sheer they must be in the same plane; while the sheer strakes, 
which are prevented the same liberty of action by the rigidity of 
the deck beams, are resisting the strain by which they may be 
stretched to destruction before the deck ties exert anythiug like 
their full power. And if the vessel be strained in the reverse way, 
by being suspended from each end, the deck will be subjected to 
compression; but instead of the area it contains being usefully 
employed in assisting the bottom of the vessel—now under tension 
—it only increases it by the strain from the middle of the deck 
being transmitted through the hold stanchious—the results of 
the downward inclination at that part of the deck given by 
sheering. There are certain advantages obtained from giving 
sheer to a vessel, such as improving her appearance when it has 
been properly carried out, and adding a degree of comfort when 
at sea; but could not this be accomplished by sheering the upper 
works only, excepting the deck, which might be made straight 
from the stem to Ше віегш. Ву this mode, not only the united 
action of all the material intended to resist the strains to which 
it is subjected would be insured, but with it a greater concentra- 
tion of the weight over the most buoyant part of the vessel, by 
lessening the carrying capacity of the ends, and curtailiug Ше 
lengths of poops and forecastles, which by the proposed mode 
would be more lofty and better ventilated; besides affording, in 
mauy cases, as much passenger accommodation as the present 
mode. It would also give greater facilities in constructing the 
vessels, ав in laying down the same but опе line and weight 
would be required to mark the beams firm, besides preventing 
mistakes, resulting in irregularities in the sheer lines of the 
beams, and thereby producing a superior class of work. 


----с-- 


THE ARCHITECTURAL ASSOCIATION. 
( Meeting held 16th February, 1868.) 

THE regular fortnightly meeting of this Association was held on the 
16th ult.; В W. Егіз, President, in the chair. The following were 
elected members of the Association: —Mesars. Charles J. Jones, Robert 
Stephenson, and Robert Brass. Mr. Farthing, of 9. Conduit Street, 
was appointed to the Registrarship, rendered vacant by the decease of 
Mr. Moody. Mr. Lyon then read the following paper. 


ON POINTS OF ESSENTIAL DIFFERENCE BETWEEN 
CREATIVE AND IMITATIVE ART. 
By J. T. Lxox. 


Or those arts which minister to the delight of the eye, archi- 
tecture is generally acknowledged to be the first, because all the 
other arts contribute to its development and beauty. 

The arts of construction, decoration, and ornamentation, may 
be called the three grand divisions of architectural art. It is 
unnecessary to consider what is meant by Construction, but there 
seems to exist a confusion of ideas regarding the terms decoration 
And ornamentation, indeed, these words are in general used 
synonymously, and yet а real and important difference exists 
between them, the recognition of which will lead to a clearer 
understanding of my subject The word “Decoration” is derived 
from the latin decor, which means “anything that is seemly or 
becoming,” and the word “Ornamentation” from ornamentum, 
meaning “that which serves to adorn,” ог “that with which any 
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person is clothed in a superior mauuer.” The first of these 
words then, would imply something which is beautiful in itself; 
the second, a beauty added on the surface, to make the thing 
itself more beautiful. 

Suppose we take three rough stoues of rectangular shape, and 
place two of them in an upright position, aud lay the third hori- 
zontally upon the top of these, so as to form a lintel, we are 
simply constructing; if we cut these stones square or round, or 
in any way try to beautify their form, we are decorating; and if 
we clothe or dress these stones by cutting or painting utiful 
forms upon their surface, we are ornamenting. Ая the art of 
construction can never be called a fine art, it will not be con- 
sidered in this paper. 

There are three ways of decorating, and three ways of orna- 
menting, viz, by simply creating, by creating and imitating 
together, and by simply imitating. When we are beautifying 
the column of a building, as by ronnding, squaring, or fluting it, 
we are decorating by simply creating, because we may safely 
argue that such rigidly mathematical forms as these are so rarely 
seen in nature, that it would be affectation to say we were copy- 
ing nature when making use of them; and when we beantify the 
column, so as to make it evident that an object in nature (as the 
human figure for instance) has been our type for its decoration, 
we are decorating by partly creating and partly imitating; and 
when we make an exact resemblance to such a figure, so as to 
lose all idea of a column, we are decorating by simply imitating. 

In a similar manner, when we are beautifying à surface by 
cutting or paintibg geometrical figures upou it, we are oruament- 
ing by simply creating; when we cut or paint forms upon the 
surface which have been merely suggested by natural objecta, we 
are ornamenting by both creating and imitating; and when we 
сагуе or paint these forms exactly ав we see them iu nature, we 
are ornamenting by simply imitating. 

It is perhaps necessary before proceeding further to offer some 

lanation of my meaning of the term “Creative Art.” 
Ve may say, according to the abstract meaning of the word 
“create,” that it is impossible for man to create anything, as much 
as it is impossible for him to destroy anything; but the word is 
а convenient one to express that originality of thought and for- 
mation which to the mind and eye are certainly original. The 
most common acceptation of the term “creative art” implies 
that degree of sentiment, idea, or as Shakspeare expresses it, 
“creation of the mind,” which a pictorial artist throws into his 
picture. This, without doubt, is the very highest signification of 
the term, so high that, as Mr. Ruskin has well shown, the actual 
formation of the object upon the canvas is quite secondary to the 
idea which is conveyed by the ohject. 

The sense in which I employ the term is of a much lower 
nature, because it has everything to do with the actual formation 
of the object, and nothing with this high ideality. I wish it to 
be considered in the light of Creative art as opposed to Imitative, 
as that art which is not a direct copy of anything in nature, or 
of anything which might be supposed to exist in nature. 

When man is about to create an object by tlie simple invention 
of his own mind, he ought to attend to the first law which we 
find in the works of the great Creator Himself, viz. order. It is 
not necessary to dwell upon the fact, that the whole of living 
nature is based upon ап orderly system, although it would seem 
to be the will of the Creator that the law should bea hidden 
«опе to the superficial observer. Such an object as a large fall- 
grown tree, for instance, never conveys to our minds an idea of 
perfect order, and yet all botanists will tell us that the root, 
trouk, and branches of a tree are but a constant repetition of 
the small mathematically formed plant in the seed from which it 
sprung, and that as this mathematical plant grows it becomes 
distorted and irregular, merely through accidents, as in blights, 
cold winds, and frosts. Man and the lower animals are made 
with this perfect balance of parts, but, оп account of their ever- 
varying movements, the idea of uniformity becomes to a great 
degree lost. It is also remarkable, how much order has to do 
with our whole well-beiug. Success in life depends in a great 
measure upon orderly habits and conduct, 

1 will take this opportunity of quoting a passage from a book 
entitled ‘ Recreations of a Country Parson,’ to show that even 
in the very smallest things we should pay due attention to order. 
The chapter is “concerning tidiness.” ‘ Order,” says the writer, 
“ін Heaven’s first law, and there із a sensible pleasure attending 
the carrying of it out faithfully to the very smallest things. 
Tidiness із nothing else than the carrying iuto the hundreds of 
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little mattera which meet us and touch us hour by hour, the same 
grand principle which directs the &ublimest magnitudes and 
affairs of the universe” The writer goes on to show how a love 
for order is inherent in every good mind, I have said this much 
concerning order, because it would seem to be a law, that every 
art-object which man constructs or creates by the simple working 
of his own mind, from the most sublime architectural edifice, 
down to the most insignificant child's toy, ought to be made with 
due regard to order. 

This order, then, is the first essential of pure creative art. In 
pure imitative art the case is reversed. We then copy nature as 
she naturally appears to us, and as we have seen that she 
natural appears disorderly, disorder is the essence of imita- 
tive art. Even the term picturesque, as applied to the imitation 
of nature, means that amount of “admired disorder” which is the 

at charm of а picture. We һауе then one point of essential 
ifference between creative and imitative art: the former is вуш- 
metrical and orderly; the latter unsymmetrical and disorderly. 

Doubtless there is such a thing as a creative picture, the most 
common example of which is seen in what we term the Willow 
Pattern plate, and we may say that there is not much order in 
this piece of creative art; and on the other hand we may imitate 
in a picture a mathematically formed object, and say that there 
is no disorder in the composition; but I am here talking of the 
difference between pure creative, and pure imitative art, iu the 
former, the simple invention of the mind without imitating the 
works of God; and in the latter, the simple imitation of a natural 
object without copying the works of man. . 

have observed that a principle of order should always accom- 
pany our constructed works of art. We see this principle 
carried ont every day in our best architectnral buildings, in the 
fluted column, the moulded pillar, in the graceful leaves of the 
Corinthian capital springing from their parent trunk with mathe- 
тайса! accuracy, and even the naturally carved foliage of the 
Gothic capital, however wayward and fanciful, is bound, in good 
architecture, to some defined and well-ordered line of beauty, 
80 are the bases, the агсһев, the buttresses, and pinnacles. This 
orderly outline of objects isa priuciple which has been carried 
out in the best constructive works of all ages; not only in archi- 
tectural buildings, but in small household objects. A Greek 
artist, for instance, never allowed the carving on the side of his 
vase to project beyond the general form of the vase, because the 
carving would then have taken away from that orderly, graceful 
outline which was the first essential to its beauty. Тһе large 
building and the small vase are alike in this particular, that they 
are both to be seen on all sides, and it would seem to be a law 
in art, that any object which is intended to be seen from all sides, 
should from all sides present to our view a regular, graceful outline. 
If we carvea member of the building, as a column, in directimitation 
of a natural object, this regularity of outline from different pointe of 
view will be lost, and this imitation would seem to be specially 
objectionable when the object is placed on the top of a build ng 
во аз to stand out in relief against the sky, because the irregu- 
larity of the outline is then most apparent. 

I think that this leads to a question of much interest and 
importance at the present day, when it is so much the custom to 
perpetuate the memory of our great departed by imitative 
sculptures, viz. how far we are justitied in placing these figures 
in some central position by themselves, where they can be seen 
from all sides. The idea probably is, that they are more dignified 
when isolated from all surrounding objects, than when set in a 
niche, and contributing to the beauty of a building. But if these 
figures had structures specially erected to their iudividual honour, 
would they not rather gain than lose in dignity; and whether in 
the distance, in the twilight, or under the canopy of a mist, the 
beautiful outline of the structure would always be maintained, 
instead of the tigure alone, presenting under such circumstances 
an irregular and frequently meaningless masa, 

This leads me to depart from the subject for a moment, to 
make a ig: ie with regard to erecting small structures as 
memorials of the great. Would the plan not be a good one, to 
erect a structure containing several niches, to be specially de- 
voted to the memory of one particular class of men, as great 
stateamen; another to be specially devoted to the memory of 
great soldiers, &c. 

Besides, it seems to have been a recognised rule in what is 
generally allowed to be the best periods of architectural art in the 
world’s history, that all imitative works should have a distinct 
enclosure or frame of their own, but that all creative works should 
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stand bythemselves, For this reason all naturally carved figures 
in Classic architecture are enclosed in panels, and in Gothic archi- 
tecture in niches; the niche is the house to the figure, and the 
figure the tenant to the niche, and they are necessary to each 
other. All the members of the building, on the contrary, which 
were never rendered directly imitative, could well stand alone; 
and this truth is strangefy manifest when we behold, as in the 
ruins of а Greek temple, а band of isolated columns remaining 
after the shell of the edifice has broken down, appearing, though 
sadly in want of the work they were created to do, quite capable 
of maintaining their own ground, and fighting their own battle 
with the stormy elements around. 

I think Шөп we һауе arrived at another point of essential 
difference between creative and imitative art: the former may 
stand alone, the latter requires protection. 

Now what is true of creative aud imitative art as wrought by 
the chisel, is equally true as they are worked out by the pencil 
or the brush. "We may say that a column of а simple geome- 
trical section, as a round or square, is the lowest degree of creative 
art; it is the case also if we draw these geometrical figures upon 
a flat surface. We may alsosay that in sculpture the mere servile 
imitation of natural objects is the lowest degree of imitative art; 
this is also the case if we imitate these objects upon a flat surface. 

There can be no doubt that the reason why geometrical figures 
arethe lowest forms of creativeart, is on account of their extreme 
simplicity; and I think that no artist can help feeling this, —that 
the more the geometrically-formed column, and the geometrically- 
drawn pattern on the wall, lose their rigidity, and become grace- 
ful and flowing, like nature herself, always maintaining that 
rigidity and regularity of outliue essential to pure creative art, 
the higher does the art rise. Aud is it not true that the Classic 
column with its plain circular section, and the Gothic pillar with 
its rigidly perpendicular lines, that these are beautifully relieved, 
the former longitudinally by its graceful bend, the latter trans- 
versely by its exquisite flow of mouldings. We may therefore 
say, that the more flowing or imitative of nature creative art 
becomes, the higher доев that art rise. 

The reason why the close imitation of natural objects is the 
lowest degree of imitative art, в not so much on account of its 
simplicity (for the exact imitation of a natural object may be a 
matter of considerable difficulty), but on account of its approach- 
ing so nearly to the work of the Creator Himself, that it is 
sometimes mistaken for that work, and when the mistake is 
discovered, the object remains more as a caricature of nature 
wrought by the hand of man, than as an intelligent copy of 
nature rendered throngh the mind of man. 

Tn order to be convinced of the truth, that we sometimes 
mistake the close imitation of nature for a reality, we have only 
to enter our well-known London exhibition of waxwork, where 
I believe not a day passes by that persons are not painfully 
startled by the life-like appearance of the fignres they are behold- 
ing. It is true that most of these persons think they are lookin 
at magnificent works of art, and that the painful start occasion 
by this life-like appearance is just the proof of it. It only shows 
how little people in general know what is meant by good and bad 
art, and how necessary it is fur us to try by every means in our 
power to point out the ditference. Without doubt the best 
reason we can give for such art being wrong is, that it is 
deceptive art, and nothing which deceives can possibly be right. 

Perhaps another reason why the mind is not satisfied by the 
too close adherence in art to a living object, is that the more 
nearly the art approaches God's work, the more do we feel in it 
the want of God's life. Тһе only life an artist can throw into his 
figure is the life of his own mind, and the more he does that the 
less directly imitative of nature will his art become. 

The close or servile imitation of an object in painting is also 
the lowest degree of that branch of art. I had occasion to quote 
ап observation of Mr. Ruskin, that the more idea an artist 
threw into his picture, the less he considered the form of the 
object which conveyed the idea; but Mr. Ковсіп goes further than 
this, and shows that the too correct drawing of the object takes 
away from the force of the idea which it conveys; in short the 
artist in such a case is not so particular about his perspective 
and his light and ahade, and ls the object in а creative 
manner,so that we see the creative spirit has а great deal in 
common with the creative manipulation.* We may therefore 


* Since иті the above I happened to meet with a passage in the * Temple Bar 
Magazine’ for this month, in an article upon the genius of Gustave Doré, which 
exactly expresses my present meaning. It runs thus, “the artist's great knowledge, 
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say that, as imitative art ascends, it becomes more like the 
creative; and we saw before that as creative art ascended it 
became more like the imitative. These arts then are as two low 
extremes, which, in ascending, partially combine, but which, 
according to the very nature of things, never wholly combine. 

It is their wise combination which leads to the highest degree 
of perfection, and it is their unwise confusion which tends, in 
decorative art, to ngliness; and iu painted ornamental art to that 
whith is much worse, deception. 

Let us consider what is meant by their “ unwise confusion.” 
I have already observed, when referring to decorative art, how 
any irregular and disorderly outline of an object tends to ugli- 
ness, as in а naturally sculptured figure forming part of the gene- 
ral outline of a building. The naturally sculptured figure is 
essentially imitative art, aud the building is essentially creative 
art, and yet they are made to form part and parcel of one thing, 
so that I think the two arts are thus unwisely confused. 
They would be wisely combined if the imitative were kept in its 
natural fame, and the creative allowed to maintain its regular 
^ud graceful outline. Happily, however, it is the rule to tind 
this principle maintained in our buildings; but it is unhappily 
common to find it neglected in our articles of furniture, and still 
more во in our small art-objecta.* 

This then is my meaning of the confusion of creative and 
imitative art in decoration. ‘The result is ngliness to the eye, 
causing dissatisfaction to the mind. In painted ornamental art, 
аз 1 have said, the cage becomes much worse, because such con- 
fusion actually tends to deceive. We have seen that ornamental 
art means the beautifying of а surfuce; which may be done by 
sculpturing a natural figure and placing it in a niche cut in 
she surface, or by paintiug a natural object and placiug it in a 
rame. 

Ав the natural piece of sclpture has already been considered 
under the head of decorative art; we will now consider what is 
meant by the confusion of creative and imitative art when applied 
to the beautifying of a surface by drawing or painting. 

What do we mean by the imitation of an object upon a flat 
surface; in other words, what do we mean bya picture? You 
may think that this is reducing ‘our subject to rather an absu 
degree of simplicity, for you may very naturally imagine that 
every child kuows, iu our picture-paiuting age, what a picture ів. 
However, it is necessary to our argument to have the picture 
briefly defined. 

I have heard it said that we represent nature in a picture as if 
we were holding up a sheet of transparent glass before our eyes, 
and copying the objects upon that glass as we see them. This 
is quite true, but there is one thing to be observed in holding up 
that sheet of glasa,—it must not be too large; we should be able 
to see the whole picture before us without moving the body, or 
eveu the head; and there is only one poiut of view from which 
we should take in the whole with ease. We must therefore be 
able to see the edge of the glass, or, in other words, the liue by 
which the picture is bound; and when we have painted the 
picture, and placed it on a wall, this boundary line is generally 
made to separate it still more from surrouudiug objects by a 
margin of some breadth. This boundary line then is one 
essential characteristic of a picture. (It may here be observed 
that there are two kinds of boundary lines to a picture, one 
which marks it off suddenly from surrounding space, and that 
which marks it off gradually, as in what are called " viguette 
pictures") Another characteristic of the picture is, that, on 
accouut of Ив perspective, and its light aud shade, every needle’s 
point of the surface painted upon becomes lost to the eye, with 
regard to the surface; in other words, the surface itself is never 
considered. This boundary line then, and this losing of the 
surface, are sufficient guides for our determining what is meant 
by an ordinary picture, or a piece of imitative art upon a surface. 

The beautifying of a surface in creative art is simply the 
reverse of this. There is no need for such a boundary line, 
because the object itself may staud alone, just ав we saw the 
creatively sculptured figures might stand alone; and, unlike the 


his many technical excellences, the bold and origins] methods which he has introduced 
into Lis art, the invention which characterises his work, and миз the stamp of genius 
upon it, as contradietinguished from the elaborate accuracy which is merely careful 
copyism ; even his faults, his shortcomings in perspective, his disregard of geology, 
and his wilfully careless drawin , afford matter for criticism of the closest kind.” 

* Illustrations were here referred to, shore that the most costly and elaborate 
vases were frequently overladen with figures aud ornament on the exterior, so аз to 
hide alinost entirely, the general outliue of the object. These were compared with 
i»e drawing of a richiy ornamented Chinese vase, the general outline of which was 
beautifully maintained. 
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picture, every needles point on the surface of the object is 
maintained to the eye, and not lost. 

It is so easy to roughly imitate a piece of nature upon a flat 
surface, and to forget the great primary object in making the 
imitation, that the confusion of creative and imitative art in 
drawing or painting seems to be one of the great stombling- 
blocks to art-progression at the present day. 

If we imitate any object whatever by attending to some of the 
essential conditions of imitative art, and neglect others, then we 
are confusing creative and imitative art. If, for instance, we 
imitate a vase by putting it into perspective, and directly copy it 
in all its light and shade, and tben leave it standing on the 
surface by itself, and neglect to fulfil that other coudition of 
imitative art by surrouuding it with some boundary line and 
by filling in some background, which the glass if beld up to 
nature would show us, then we are confusing creative and 
imitative art. 

This vase pretends to be creative art because it stands by itself, 
and has no boundary line; aud it pretends to be imitative art, 
because it is drawn in perspective, and in light and shade; во 
that it becomes to the eye a confused art, and I am persuaded, 
however well the object may be drawn or painted, that the eye 
can never be really satisfied іш beholding it. Besides, as I have 
observed, such art tends to deceive, because the object drawn in 
this fashion, if well drawn, will appear to stand out to such a 
degree from the surface of the wall, as to make us believe that 
we are looking at а real object, and not at a painting.* 

It may be said that the beautifying of a letter over a street 
doorway is a matter of small consequence, and not worthy our 
attention. But the truth is, that the very commonness of the 
art raises it to one of great importance. 1 have henrd it said, 
when speaking of its importance,— Well, but what does it 
matter? People like the letters which you say are bad; and, at 
ашу rate, they can do no harm.” 

But I am of opinion that people do not like this false art, aud 
that it does do harm. I believe that a very large majority 
of people at tbe present day do really not know what they like 
in matters: of art, simply because their minds have not been 
educated to understand the ditference between good art and bad; 
and surely, if people are the better for good art (which I suppose 
will be allowed) they must be the worse for bad. We пау say 
(according to the words of a writer before alluded to), “ thong 
the wrong may not be grave enough to be indicated by & power 
во solemn as conscience; still, constant wrong-doing, in however 
slight a degree, cannot be without a jar of the entire moral 
nature." i 

But, unfortunately for art, our so-called people in general, 
together with those artists who pander to their tastes, are the 
rulers of art at the present day; and if what I have been saying 
with regard to this painted vase be true, then nine-tenths of the 
arts as practised around us are wrong. 

Then we must condemn all our highly naturalistic wall-papers, 
and carpets, our illustrated books and art-papers without num- 
ber, wherever any art is attempted beyond the simple picture; 
nearly the whole French school of ornamentation, and a large 
portion of the English founded upon the French model; the well- 
known Arabesques of Raphael, because in them we have constant 
repetitious of the false principle of this painted vase, &c. 

I am quite willing to admit that there is a fascinating kind of 
beauty in such works as these, which would probably in most 
cases be lost if they were done rigidly true to priuciple; still the 
fact remains, that what beauty they do possess is founded on 
falsity, and we may be sure that the mind can never be truly 
satisfied where truth itself is absent. 

But there would seem to be a struggle now beginning in tbe 
Art- world around us, between a quiet, good, unpretentious beauty, 
combined with true principle, on the one hand; aud a loud, 
staring, though fascinating beauty, combined with false prin- 
ciple, on the other. It is of course unnatnral that truth and 
beauty should be at variance, and if this struggle be manfully 
fought, aided by the people themselves for whom the fight is 
carried on, the combiuation of true peiuciple with perfect beauty 
must triumph in the end. 

Again, as the imitative or rouud-wall painting is only intended 
to be seen from one point of view; so the creative or flat-wali 
painting may be seen to advantage from any point of view. 


+ Опе of the ordiuary block-printed vares for pnperbangingu, was here referred to 
ва an illustration; and also one of the eidinary painted block letters so common over 
shop fronts; other ornaments of a similar nature were alao illustrated, 
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That which causes this flat painting to be seen from many 
points із because it is drawn from many points; and it never 
appears distorted, because it is drawn distorted. 
ost persons of our day who think at all upon art-matters 
seem to have an idea that the correct drawing of an object in 
nature means the drawing in perspective from one point of view, 
and in light and shade; and think that they live in remarkably 
elever times because we are во well acquainted with such rules. 
But these persons forget that mau is a locomotive animal, and 
muy see an object from many different pointa of view; so why 
should he not, if possible, represent uature in his drawing in all 
theae ditferent views at once? Не will make a much more com- 
plete work of art, thau by giving us his view as seen from one 
int. 
P But it may be said, “There is always perspective, and light 
and shade in nature; so to have, correct drawing, we must have 
these.” Itis true that we must have this correct drawing if our 
object be to add beauty to a surface by imitative art, but if it be 
to beautify the surface itself by creative art, then we must dis- 
nee with the one point of view, with perspective, and with 
Tight and shade, and draw nature absolutely distorted. 

I have often wondered why our writers on art have never 
made use of this word “distorted,” when referring to flat paiuting; 
indeed, just where the word ought to have been employed, І 
have found it most carefully avoided. Yet, why shoull we be 
afraid of using this word, if it be the true word? There is 
nothing flat in nature, and so if we are to paint flat we must 
distort nature; and this diatorting of nature must be a good thing 
if it prevent natare from being distorted to our eye. 

The Japanese are perhaps the greatest creative artists of the 
present day, because іш their creative art they appronch as пелгіу 
to the directly imitative as it is possible to do.* With reference 
to the drawiug of the Greeks we may quote the words of Mr. 
Ruskin, and say “It isin harmony with all true rules, and involves 
thousands ton delicate for ear, ur eye, or thought to trace;” but 
let ов remember, that however high may be the flight of genius 
in either creative or imitative art, the two arts must always 
remaiu quite distinct from each other. As we have seen, апу 
object whatever must be beautified either in its form or on its 
surface, aud this can only be doue by imitative art on the one 
hand, or by creative art on the other; and just us we may say 
that literature generally is divided into the historical and tle 
novel, and that, however like a novel the history may be written, 
or to whatever extent the novel may be fouuded on historical 
incidents, the one book remains as a work of fact, the other as a 
work of fiction; so we may say that art generally ia divided into 
the imitative and the creative, and to whatever degree these may 
approach each other, the eye should always be able to tell at a 
giauce for which a work is intended, otherwise there is confn- 
aiou. 

I will now show what is meant by light and shade, as opposed 
to what is sometimes termed light and dark. When we draw 
any ronnd object in nature by imitating, we must show high 
lights, half tints, deep shades, and reflected lights; but when we 
draw a flat object iu a creative manner, this fight and shade is 
altogether out of place, and we have as an admirable substitute, 
what we may call light and dark.t 

Let us now enumerate the chief points of essential differeuce 
between creative and imitative art, as they are reudered by 
peintiug on а anrface. 

l. Iu imitative art & boundary line is essential. In creative 
Att it is not essential. 

2. In imitative art there із perepective, апа light and shade, 
во that every point on the surface is lost to the eye with regard 
to the surface. In creative art there is no perspective, and no 
light and shade, во that every point on the surface is maintained 
to the eye. 

* А drawing of a Japanese flying stork was here exhibited as an illuatration. The 
bead, neck, aod breast of the auimal were іп а direct side view, the tail portion was 
as if looking directly down upon it, the nearest wing was raised high up and suddenly 
folded over at the top, the furthest wing was not behind thia, but drawn out far be- 

d the head of tbe bird, and one leg was raised high above the otber; so that the 

was drawn іп a most distorted manner. The drawing was wrong as a piece of 
imitative art, but correct as a piece of creative, because it was drawn primarily with 
the ohject of ornamonting the flat surface, and while doing this the artist took the 
opportunity of exhibitinz the animal to the test advantage, the result beiug that 
we have a more complete representation of the animal than any directly imitative 
drawing conid give. Drawings of Egyptian and Grecian birda and figures were also 
exhibited, Wustrating the same principles, The Egyptian drawing was so rigidly true 
to principle, that the beautiful grace of nature was very much lost; but the Greek 
drawing exbiblted n most wond» rfu! combination of those two things. 


t The treatment of light and shade іп creative art was illustrated by a large illumi- 
naked letter of the thirteenth century. 
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3. In imitative art the object being copied from one point only, 
almits of our seeing it only from that point. In creative art, the 
object being copied from different points admits of our seeing it 
from several points at once. 

4. lu imitative art we never distort nature. 
we must distort nature. 

It is to be regretted that creative art is not more commonly 
studied among па, indeed, as regards the drawing of life in nature, 
it would seem to be an art which is now almost wholly neglected; 
and yet, if what I have been advancing be true, it has some 
striking advantages over imitative art. 

There can be no doubt that if we choose to beautify the surface 
of our walls by imitative art inatead of creative, it is quite legiti- 
mate to до so; but there is one kind of surface to which I would 
here refer, where the direct imitation of nature never can be 
legitimate. I mean the surface of glass; and as 1 make glass 
paintiug my occupation and зид, cannot refrain from giving 
ту notions of the principles of that art. If it were possible to 
produce a picture upon glass, there could be no reason why we 
should not have wiudow paintings as well ав wall paintings, but 
I hold that true picture painting upon glass is an impossibility, 
and for that reason should not be attempted. 

The best reason we can offer for its being wrong to attempt 
pictures upon glass is thia We saw before, that one essential 
characteristic of a picture was that every needle’s point upon the 
surface became lost to the eye in regard to the surface. But 
when we are looking upon a translucent medium, as glass, where 
light will shine through different portions of the picture, and 
reveal to our senses that we are really looking upon glass, then 
this losing of the surface painted upon never can take place, aud 
the absurdity of attempting the pictorial style is evident. This 
so-called picture-painting on glass is besides another instance of 
the confusion of creative and imitative art, and how such соп- 
fusion leads to deception. The lead lines which separate the 
different pieces of glass in а window are by the pictorial artist aa 
much as possible hidden to the eye. His endeavour is to deceive 
us into the idea that we are not lookiug upon a piece of mosaic 
of coloura of necessity divided by black lines. The creative artist, 
on the contrary, is true to the nature of the material upon which 
he is working, and, by taking every possible advantage of these 
necessary lines, makes the subject tell а thousand-fold better 
than when they are purposely concealed. These remarks will 
also apply to the right mode of treatment in the mosaic iulay of 
glass enamels. We have certainly not a translucent medium here to 
reveal the surface; but we have lines of cement, which separate the 
ditferent pieces of enamel, so that the idea of a flat surface ів 
always maintained, and to attempt & picture, with ita perspective, 
and light and shade, іп for that reason absurd. But the advocate 
of this pictorial style might вау, that the fact of onr never 
believing that we are beholding & picem is an argument for our 
painting iu the pictorial style if we choose. То this we may 
reply, that it is true there 18 no chance of our being deceived into 
the idea оҒа picture, but why then make the attempt to deceive 
us? It is really much more absurd to attempt impossibilities 
like this than to attempt, as in the case of the painted vase, a 
piece of deception which is very likely to succeed. 

But the pictorial painter upon glass ог he of the vase, may 

say that he does not mean to deceive. Тһе answer to this is, 
that it is nothing what he may mean or may not mean, во long 
ая his art conveys to our minds an idea that he does mean it. 

Then, as a general result of such argument, comes the most 
fallacious of statements, “ Well, but what is the use of reasoning 
upon principles in art: јавіев will differ, and we must study to 

lease the tastes of our customers.” “Зо we shonld if we were 
раа or bakers, and our customers had peculiar tastes of their 
own, though even then we might venture to suggest that certain 
of our articles of consumption were more palatable and better 
for digestion than others, without perbaps giving offence to 
anyone; aud if a baker might do this with impunity in a matter 
concerning the well-being of the stomach, how much more should 
an artist in that which has so much to do with the good condition 
of the mind. And indeed, there is a strange affinity between the 
taste of the palate and that of the mind. There is nothing 
particularly delicious or tempting in our ordinary diet; it is the 
extraordinary dishes which take the fancy, and work the harm; 
s0 there is nothing particularly fascinating about simple, truthful 
art, it is the great gaudy things which attract the eye, and hurt 
the soul. But all sensible people adhere to good, simple food, 
because they know that that is best for them; and all wise 
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artists practise that good truthful art which they know is best 
fitted for the minds of those who are to see and ponier. 

Taste and knowledge, then, go hand in hand; and Burke, in his 
‘Essay on the Sublime and Beautiful,’ has forcibly pointed this 
out. He writes,—“It is known that the taste (whatever it is) is 
improved exactly as we improve our judgment, by extending our 
knowledge, by a steady attention to our object, and by frequent 
exercise. 

If taste, then, depend upon a knowledge of the subject upon 
which the taste is to be exercised, aud if this knowledge be 
siniilar in different individuals, taste must he similar in different 
individuals, And this is a truth to which all our great writers 
upon art bave pointed,—that our tastes are in reality similar, 
апа that there is a standard of perfection, for which we should 
all strive. 

It may be asked why it is there is so much bad taste in art 
at the present day, notwithstanding our advancement in general 
education and knowledge? But it is not the want of general 
knowledge, but the want of the particular art-knowledge which 
is at fault; aud we always find that our men of greatest taste are 
those who have devoted most study to discover the principles 
which should guide their taste. The vulgar argument theu, that 
we шау do what we choose іп matters of art, because tastes differ, 
falls to the ground. Much more might be said on the subject of 
this paper, but it is already extended beyond its proper limits. 

We have indeed a groat consolation in reasoning upon апу 
subject, that if simple facts are Jaid before us as a basis for argu- 
ment, and if we do argue unbiassed by prejudice, or uninfluenced 
by any outward circumstances we may be sure that we shall ulti- 
mately agree as to what is meant by these, to us, most important 
words, * Truth in Art." 


Mr. Lrwis said that, though he agreed with the greater part of Mr 
Drone paper, he could not accept one principle laid down in it, viz.’ 
that wing was an essential poiut in creative art. 

Mr. ВтовЕ observed, that it was not bad drawing that Mr. Lyon 
contended for, but drawing suitable to the position for which it was 
intended. Referring to а Japanese drawing of a stork whieh Mr. Lyon 
exhibited, Mr. Ridge allowed it was not strictly true to nature; it how- 
ever was not intended for a picture, but for а decoration, and as such he 
considered it excellent. e allowed it was not the kind of drawing 
with which a work on natural history should be illustrated. Тһе prin- 
viples advocated in the paper had, in the present day, а great advantage 
in contending with those of an opposite character, inasmuch as these 
latter had ceased to produoe works like Raphael's Arabesques, and were 
reduced to such things as shaded letters over shop-fronts. In this 
matter the great thing was to discriminate whether we had to produce a 
picture or a piece of decoration. Simple and chaste decoration, such as 
the principles laid down on creative art might lead the architect to adopt, 
was often more useful than decoration of a more ornate character; aa 
the architeot wanted that which would be most suitable for the position 
he desired to decorate, not that which made the greatest show. Mr. 
Ridge considered the statues of the Metropolis confirmed Mr. Lyon's 
views, aa their appearance was most uucomfortable, and those of bronze 
were particularly objectionable; he concluded by moving a vote of thanks 
to Mr. Lyon. 

Мг. Спвевт Reporave thought that Mr. Lyon had, to в certain 
extent, been misunderstood, for he considered that his remarks only 
referred to the creative and imitative parta of decorative, and not of 
piotorial art, With respect to decoration, he considered that any orna- 
ment applied to a flat surface which, by shading or otherwise, indicated 
relief, was wrong. In walldeooration the employment of forms sug- 
gesting relief might perhaps be permitted, but anything of the sort in 
carpets or pavements was moet disagreeable. Не had frequently seen 
encaustic tile floors во arranged ав to colour and shape, that they gave 
one the idea of a group of pyramids. Не could not agree with Mr. 
Lyon as to the art value of the specimens before them, of Egyptian, 
Greek, and Japanese creative art; he attributed the falseness of their 
drawing to their ignorance of perspective, and alluded to an Egyptian 
figure before them, as showing the full front and side view at the same 
time: an utter impossibility in nature, and therefore no theme either 
for the artist or the decorator. 

Mr. Lyov, in answer to an enquiry, said he thought it was allowable in 
stained glass to have light and dark, but no light and shade, and no per- 
spective. 

The PRESIDENT said that, glad as һе had been to listen to the paper, 
and to the debate which had followed, he had not been able to agree 
with all that had been advanced. He should be sorry if artista of the 
present day had to take Egyptian or Japanese drawings ав models, and 
with all due deference he must beg to differ from Mr., Lyon. The 
heauty of АШ art, whether creative or imitative, lay in it being as near 

1 


] 
7 


ARCHITECT'S JOURNAL. 


[March 1, 1866 


truth as possible. Тһе man who designs a work of creative art must 
have the love of truth in his вош, and must have nature always 
before him, guiding him in the laws of his art. The Assyrian and 
Japanese drawings which Mr. Lyon had eulogised so much, although 
marvellous in their drawing, were false to nature, and therefore he did 
not think the style worthy of imitation. He remembered seeing some 
decorative figure drawing of the fourteenth century, upon some armoires 
at Noyon and Bayeux, which. although painted only in flat, was free 
from the falsity and distortion which characterised the Egyptian and 
Japanese style; there was no attempt in them to give flat and round 
drawing at the same time. His (the president's) own opinion was, 
that all art which tended to distort figures for any purpose whatever, 
was utterly wrong; and he thought that, although лер of the distortion 
might be taken away by cleverness of drawing, ав exemplified in the 
drawings referred to, yet it was always more or less apparent, but 
although differing with Mr. Lyon, be had derived much pleasure in 
listening to his erudite paper. 
The vote of thanks was carried, and Mr. Lyon replied. 


Christian Architecture in the East.—In our report of the discussion on 
the above paper, which appeared, at page 50 of the last number of this 
Journal, an error appears which we regret. Mr. Edis, the President, 
waa made to say, that ‘‘He did not think that churches ought to be built, 
in the nineteenth century, with a grand nave, long aisles, and long 
façades ;” whereas what was said by Mr. Edis was, that he thought in 
many respects, particularly ав regards the plan, the Byzantine churches 
might be taken as а type for many of our modern ecclesiastical struc- 
tures, for which the grand nave and aisles were so eminently adapted. 


--..---- 


SIR DAVID BREWSTER ON THE PATENT LAWS. 


At the commencement of the present session of the Royal 
Society of Edinburgh, the President, Sir David Brewster, 
delivered the opening address, in which he tovk occasion to 
review the working of our Patent Laws. The great experience 
and authority of the learned and eloquent author will render his 
views upon the subject especially interesting to our readers. Sir 
David Brewster said:— 


Among the various functious which our.scientific institutions 
are expected to discharge, not the least important is to foster the 
labours and protect the interests of discoverers and inventors,— 
of those who create new forms of matter and new processes of 
art,—who invent new instruments, :nd new machinery for con- 
trolling and reuderiug useful the forces of the material world. 

The rights of property, in its material phase, whatever be its 
character, and by whatever means it has been acquired, have 
ever been held sacred, even in barbarous communities, The 
hoarded treasure, or the portion of the earth’s crust which it may 
purchase, can be rested from Из owuer but by the forfeiture of 
crime or the grasp of conquest, As civilisation advances, new 
wants are developed, and uew rights established. The historian, 
the philosopher, the antiquary, aud the poet—the pioneers of 
intellectual life—strive to instruct and amuse us, and claim iu 
return our sympathy aud protection. Нерсе has ariseu the law 
of copyright, in virtue of which the author of any work, however 
frivolous in ite character, however immoral in ite tendency, how- 
ever subversive of order, and however hostile to religion, acquires 
a right of property which successive acte of Parliament have 
enhanced in value, by lengthening its tenure and adding to ita 
security. This just privilege, of which tbe humblest and the 
highest in the community avail themselves, is granted gra- 
tuitously by the State, and is enjoyed during the long period of 
forty-eight years, and by the youngest author during the whole 
of his life. : 

In the progress of civilisation, wants other than intellectual 
demand immediate gratification. The genius of invention, in Из 
youngest exercise, is summoned to feed and to clothe us, to con- 
jure from the inner earth the elements of civilisation, to 
streugthen the human arm and aid the failing eye, to shield us 
from the elements, aud to open to the missionary aud the 
merchant the rough pathway of the осель. In its manhood, it is 
summoned to more transcendental functions; to supply, for the 
higher civilisation, the luxuries aud elegancies of life; to carry 
us swiftly and safely over earth and ocean; to navigate the tields 
of ether; to converse with the world, іп accenta of lightuing, 
through the air and under the deep; to bring within our reseaic 
the most distant star; and to reveal the minutest life which 
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swarms beneath and around us. With such functions to dis- 
charge, and having discharged them nobly, the inventor might 
have looked for a generous patronage from the State, and for a 
monopoly as free and secure as the copyright of the author. 

The right of property in inventions has been acknowledged by 
almost every community in the old and the new world,* anda 
patent law has been passed to define its character, to tix its limit, 
and to secure it against infringement. In England, I grieve to 
aay, her inventors are more cruelly taxed than in any other 
part of the world. Though her prosperity, more than that of 
any other nation, depends on the encouragement of the industrial 
arts, yet she levies from the poor шуешог--пау, from her best 
benefactor, the enornious ваш of £175 for a patent-right of 
fourteen years. In France the same privilege, for tifteen years, 
is given for £60, paid by instalments of £4 for each year of its 
tenure; and in the United States a patent continues seventeen 
years, and costs only £7 68. 104. In Sweden and Norway а 
patent is given for fifteen years, for the mere expense of adver- 
tising the specification. In other countries the diveraities in the 
ехрепве and endurance of patent rights measure the legislative 
wisdom which characterises the laws that pretend to encourage 
the useful arts; and show us how unblushingly the limited meaus 
of tbe poor inventor are trausferred to the pockets of ignoraut 
officials, and, in this country, accumulated in the coffers of an 
overflowing exchequer. 

Тһе consequence of such ungenerous legislation it is not diffi- 
cult to discover. The average number of patents granted 
annually in England is 2000, in France 4000, and in the United 
States 4000; and hence we are entitled to infer that upwards of 
9000 pateuts are annually suppressed in England, and that many 
valuable inventions and processes іп the arta are either not рег- 
fected by their authors, or employed in secret, and for ever lost 
to society. 

This is not the occasion to analyse the patent laws of England, 
and to criticise the principles which are supposed to regulate 
their enactments. It may be enough to have referred to the 
miserable tenure of fourteen years which they assigu to the 
inventor; to the crushing tax of £175 which they levy from him; 
to the illusory privilege which they give him; to the endless liti- 

tion into which they lead him; and tothe bankruptcy aud ruin 
in which he is so frequently involved. There are, doubtless, 
cases in which patent rights have led to fortune, but it is chiefly 
when the wealthy capitalist has come to the rescue of the humble 
inventor, or when the patent has been confirmed by the decision 
of а court of law. The injustice of the patent law has been so 
fully admitted, that various acta of Parliament have heen passed 
in favour of the patentee, aidiug slightly to the protection of liis 
right, and reducing to the sum we have mentioned the expeuse 
cf its attainment; but no addition has been made to the shortness 
of its teuure, and no increase of security against direct piracy or 
partial infringement. 

Whatever difficulty the statesman may experience in giving 
security to the rights of inveutors, he can have none іп giving 
them the saine tenure as copyrights, and conferring them as gra- 
tuitously, ог at no greater cost than is necessary to cover the 
expenses of the patent office. Between tle national claims of 
authors and inventors there can be no comparison. Value as you 
may, and value highly, the treasures of ancient and of modern 
thought, what are they when weighed against the inventious of 
art and science, predominating over our household arrangements, 
animating our cities with the sounds of industrv, and covering 
with mechanical life the earth and the ocean? The eloquence of 
the orator, the lesson of the historian, the lay of the poet, are, 
as it were, but the fragrance of the plant whose fruit feeds us, 
and by whose leaves we are healed; or as the auroral tint which 
gives a temporary glory to a rising or a setting sun. But grant 
to the favoured genius of copyright its highest claims, and 
appreciate loyally its most fascinating stores, tbeir value is 
shared, and largely shared, with that of the type, the paper, and 
the press, by which these stores have been multiplied and 
preserved. The relative value of books and inventions may be 
presented under another phase. Withdraw from circulation the 
secular productions of the press that ure hoarded in all the 
libraries of the world, and society will hardly suffer from the 
change. Withdraw the gifts with which art and science have 
enriched us—the substantial realities through which we live, and 
move, and enjoy our being—aud society collapses into barbarism. 


* Bwitzerland, China, and Japan have no patent law. 
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Under the influence of views like these, the friends of inven- 
tors have continued to watch over their interests, and to prose- 
cute improvements ou the patent laws. In this cause some of 
the leading members of the British Association, the Inventors' 
Institute, and the Social Science Congress, have been specially 
active, aud through their exertions the subject was brought 
before the House of Commons in the last session of parliament. 
In the discussions which took place in the house and in the 
commission, the most startling opinions were advanced, and by 
some persons received with favour. The entire abolition of 
patent rights was gravely proposed, and the report of the 
commission was not submitted to the consideration of parliament, 
on the ground that that fundamental question should be pre- 
viously decided. 

Had this proposal to rob the citizen of the most sacred of his 
rights beeu accompanied with any suggestion that Government 
should give equitable rewards br succeasful inventions, even 
patentees might have welcomed the change; but no such sugges- 
tions have been made, and, judging from the past history of 
British science aud art, we cannot indulge the hope of any such 
act of national liberality. It is under despotic governments 
alone that national benefactora are rewarded and honoured. 
Where mamnion із in the ascendant, and the demigods of trade 
aud commerce influence legislation, intellectual emin^nce must 
look to other lands for its recognition and its patronage. The 
present raid against the patent laws is the direct and acknow- 
ledged result of the ungenerous іп? uence of trade. The shortness 
of the tenure of patent rights, and the heavy tax levied from 
iuventors, are expressly maiutained, in order to diminish the 
nuinber of patents; and the avowed reason for thus diminishing 
them is, that from their number and frivolity they interfere with 
the operations of tradesmen aud manufacturers, by exposing 
them to actions for infringement. 

That there are many patents not remunerating, and not 
immediately beneficial, is painfully true, when we consider how 
much they have cost the sanguine inventor. That there аге any 
patents really frivolous or useless, in the true sense of these 
terms, can be maintained only by ignorant or interested parties. 
There is no patent that does not contain a proposal to do sonfe- 
thing that is new, or to make some improvemeut upon what is 
old; and there are шапу examples of apparently useless patents 
contaiuing the germs of future and valuable inventions. There 
are cases even in which the iuvention stigmatised as useless has 
proved to be an essential element in a futnre patent, where the 
new patentee has piratically used it, and dared to complain that 
he has been prosecuted for infringement. But there is а still 
more intelligible reason why no patent can be called useless. In 
bringing it into the market, workmen are employed, and materials 
purchased; and even if the process, instrument, or machine thus 
offered to the public has по sale and no useful application, the 
liapless patentee has given liberal fees to several functionaries of 
the State, and contributed nobly to the pateut fund. 

That any patent is frivolous and injurious, in the sense of in- 
terfering with the functions of honest traders, is simply untrue. 
If an iuvention which has been patented at the cost of £175, and 
produced nothing in return, 18 a necessary part of an important 
invention subsequently patented, it is а positive proof that 
patents apparently frivolous may be truly valuable. The first 
invention is, therefore, neither an obstacle to improvements, uor 
a ground for litigation. It has on the contrary, led to а greater 
invention; aud whether the second patentee has used itignorantly 
or advisedly, he ought to pay for the use of it, instead of 
pleading in a court of law, as he generally and dishonestly does, 
that the original specification is defective. But even if the cases 
of interfering patents were more numerous than they are, and 
more fertile in litigation, it is the lawgiver, aud not the inventor 
that is to blame. 1f parliament, in ita wisdom, cannot reconcile 
the interesta of patentees and honest tradesman but by robbing 
the former, they overlook the fundamental law in social есо- 
nomy, that no great improvement can be made in the arts of life, 
and no true reform in our institutions, without interfering with 
а variety of interests. To abolish intellectual rights inhereut in 
man, and long recognised aud enjoyed, and this, too, on the 
single ground of public convenience, would be a retrograde step 
iu legislation, of which history affords no example. As well 
might the surgeon propose to heal a rheumatic limb by 
amputation, or the philanthropist reform a criminal by his 
execution. 

In proposing to abolish patent rights, its promoters seem to 
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have wholly overlooked the international interests that are at 
stake. If we have no patent law, we deprive every foreigner of 
his existiag right to a British patent. Foreign governments may 
therefure adopt a policy of retaliation, and refuse to onr сошигу- 
men the patent rights which they now so freely enjoy; or, what is 
more probable, they may hold out additional privileges to our 
ingeuious artizans, and thus obtain the firat-fruits of their skill. 
Tuventors will follow their inventions, aud in the exodus to 
foreigu countries—to the United States, especially, with its 
cheap and judicious pateut laws—we shall lose, more rapidly 
than we have yet done, the most ingenious of our inveutors, aud 
the most useful of our citizens. 

A policy like this, во Beeotian in its character, and so injarions 
iu ita results, is as politically unsafe as it is socially unwise, and 
personally unjust. Rights that have been firmly established aud 
loug enjoyed are not readily abandoned. Illiberal and oppressive 
as the patents laws are, they are still the Magna Charta of the 
commonwealth of inventors, and iu an age tending to detnocracy 
they will not be surrendered without а struggle. Rights 
hitherto unquestioned, and not more sacred, шау be exposed to 
the same scrutiny, and social interests endangered which all classes 
have been accustomed to respect and defend. 

(Е these views of patent rights be just, and if, as moveable 
property, they are as sacred as copyrights, there can be no just 
reason why they should not be granted equally cheap, given to 
every applicant, and enjoyed during at least the life of the 
patentee. When а philosopher or an artizau offers an invention 
to the State, and receives an exclusive privilege іш exchange, we 
wight expect seme equality between the gift and its reward. In 
perfecting his invention the inventor has already apent much of 
hia time, aud іп many cases exhausted his means. When a 
впррПап at the Patent Office, л heavy payment із demanded, and 
le purchases a privilege which may 1uin him. The theory of 
auch a tax it would be difficult to discover. Its avowed object 
is to diminish the number of patents, for the benetit of non- 
inventors; but the object which it really accomplishes is to 
paralyse inventions; to cause valuable processes to be wrought in 
secret, aud in many cases to be lost; to give fees to clerks and 
officers of state, and to create a fund, the purpose of which bas 
not vet been revenled. A tax sufficient to defray the expenses of 
^ patent office might be justly exacted, but to demand a sum 
twenty-fold that amount is a freak of finance, alien both to 
reason and justice. Will it be believed iu an enlightened age, 
that the sum paid by inventors to the State during niue years 
and a half, from October 1852 to Deeember 1861, was £772,778, 
which, at the same rate, will be £1,001,764 at the end of the 
present year? Of the sum of £772,778 received in 1461, 
L.502,000 has been expended, viz., £96,000 іш fees to law officers 
and their clerks, who do nothing for the inventor, and £406,000 
for the expeuses of the Patent Оћсе. After all this expenditure, 
the enormous sum of nearly a quarter of a million of money, 
wrenched from the inventive genius of England, slumbers, un- 
applied, in the Exchequer, while our schools and universities are 
left to atarve, and the interests of science and art consigned to 
the munificence of our scientific institutions. 

In discussing the policy of uutaxing. extending, and securing 
patent rights, we may view them in relation to the doctrine of 
fiee trade, now developing itself in the legislation of every 
civilised community, In the present state of the law, patent 
rights way be said to be imported and exported as freely as the 
instrumeuts and machines in which they are embodied; but in 
во far на they are more taxed in one country than another, the 
trade in their products and in their privileges cannot be con- 
sidered free, A discovery in science, and a process or iuvention 
in art, are gifts offered to the families of mankind wherever 
they are made, and whatever be their character. To fetter their 
development in one country while they are fostered iu another, 
ia au act of international injustice, which free trade disclaims. 
To tax them anywhere, under any cireninastances, and under any 
preteuce, is в blot upon political wisdom, an act of cruelty to 
genius, and a wrong inflicted upon society at large. 

To tracing the гіне and progress of those great inventions and 
discoveries whioh have udded to our physical enjoyments and 
consolidated our power over the istarai world, we cannot fail 
to recoguise the grand object which, in the arrangements of 
Providence, they are meant toaccomplish, Whtever man is fitted 
to understand he is destined to know. Whatever has been 
created for his use he is destined to enjoy. We have yet much 
to learn of the sidereal universe of which we form a part; of the 
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system of planets to which our own belongs; of the physical 
hiatory and construction of our terrestrial home; of the orgauic 
and inorgauie subetances which compose it; of the precious 
materials stored up for civilisation; and of those noble forma of 
life and beauty which everywhere appeal to the affections and 
intelligence of man. 

Bat while we have thus much to learn, we have also much to 
do, and whatever we have power to do must, eventually be done. 
The great inventions which. iu living memories, have so myste- 
riously altered the social condition of our race, measure to us, 
however feebly, what art and science have ati}l to accomplish. 
Our gigantic steam vessels—our telegraphs, aerial and submariue 
—our rail waya—our lighthouses, are still in their infancy. We 
have yet to pass through the sea with a surer compass, a sharper 
prow, and а stronger impulse. We have yet to speak more 
articulately through the air and beneath the ocean. We have 
yet to guard our consta with brighter beacons and safer lifeboats; 
and our railways have yet to convey us more swiftly and safely 
to our home. But, what is more important still, we have yet to 
discover and combat those subtle poisons which are everywhere 
assailing the seat of life, and hurrying thonsands of their victims 
to the grave. 

In the completion of these great inventions and discoveries, we 
shall then learn, what statesmen have been unable or unwilling 
to learn, that art and science are the means by which the bless- 
ings of religion and civilisation are to be sent to the distant isles 
of tho вел,--Ше several families of the earth united in one, and 
the reign of peace and righteousness established оп the earth. 

But while art and science are thus adding to опг social blesa- 
ings, and are pre-eininently the instruments of pence, they have in 
our day been busily and successfully employed in forging the 
weapons of violence and destruction. Nor is tliis a retrograde 
step in civilisation, By increasing the dangers, we diminish the 
chances of war. In perfecting the machinery of Death, we 
eventnally add security to Life. War may become so disastrous 
in its consequences, во indiscriminate in its slaughter, and sa 
appalling in its carnage, that it will cease to be the arena of the 
heroic virtues; and this Моофу sconrge of huwanity—the master 
crime of nations—will be crushed by the genuis of art, and perish 
by the weapons itself has used. 


------- 


PETROLEUM AS А STEAM FUEL 


Tur following exhibits the result of a series of experiments 
upon the employment of petroleum as a fuel under steam boilers. 
The experiments were conducted by Mr. Julius W. Adams, С.Е, 
of New York, at the request of the Petroleum Light Company of 
that city, and are embodied іп a report to the directors:— 
Мг. Adams states: 


The diffücnlty hitherto has been in attempting to burn the 
crude petroleum, that the imperfect combustion alone attaiuable 
by the means in use has resulted in great waste of the material, 
ав shown by the dense smoke which invariably accompanied all 
attempts to burn it in а confiued space. This, aud the difficulty 
of regulating the feed, have hitherto prevented a snecessful appli- 
cation of this material as а fuel in the generation of steam іп 
boilers. I am well aware that it has occasionally been accom- 

lished on a small scale, but no experimenta that I have know- 
edge of have exhibited auything like the requisite eommand of 
the materia] in feeding the бге, or certainty in its use as в fuel. 
This remark is made in full knowledge of what has been accom- 

lished in this direction by Messrs. Liuton and Shaw, as well as 
Б Mr. Richardson in England. This difficulty has, I think, been 
successfully overcome in the experiments conducted for your com- 
pany; and the erude petroleum, without other fuel than the 
chips for kindling the fires, has been burnt daily under a marine 
boiler, in a course of experiments extending from the month of 
May last, and proves more manageable, more under the control of 
the fireman, and developes an amount of heat greater than any 
fuel with which we are всапа ед, 

Mr. George W. Quintard, of the Morgan Iron Works, having 
offered the use of a marine boiler for our experiments, we applied 
our apparatus to it, without regard to any dis; roportion which 
might exist between the two; further experiments being needed 
in order to determine their precise relative dimensione The 
experimeuts thus far have uot extended beyond the determina- 
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tion of the fact that petroleum may be used with great facility as 
a fuel under steam boilers, by a single fireman of ordinary intel- 
ligence. No minute analysis has been made of Из comparative 
economy—the results thus far being regarded as merely general; 
but from the resolts herewith shown, you will be enabled to 
determine how far our experiments sustain the claim we have 
пени of having successfully applied this material to steam 

Пета. 

The boiler used was ло internal flue and return fire-tube boiler, 
the shell measuring 13 feet and 9 inches in length, by 6 feet in 
diameter, with a grate-surface of 35 square feet; contents about 
1500 gallons of water to the level of 6 inches above the upper 
line of tubes. There were three flues iu the boiler, the ceutre 
one of 16 inches diameter; aud the other two of 12 inches 
diameter. The boiler was not set in the method which we reoom- 
mended, but rested merely on three walls of the dimensions of the 
furnace walls There were five rows of 2-inch fire-tubes, 
being seventy-five tubes in all; the back connection being 15 
inches by 3 ft. 5 in., and the smoke-stack 30 inches іп diameter. 
The boiler was unclothed. 

The fire bars were removed, and in their place a coil of 3-inch 
wrought-iron pipe was inserted, the total length of pipe in the 
coil being 23 feet; at the back, directly across the furnace, a 
wrought-iron tube or retort, 5 inches in diameter, and closed at 
both ends, was placed, with a short tube of 2 inches diameter 
immediately in front of it. Into this latter tube (which сотшо- 
nicates with the retort) one end of the coil is inserted, and the 
other end, passing out of the furnace door, communicates with 
the reservoir of oil, being in this case the cask in which it was 
brought to market. The flow of oil is regulated by a stop-cock, 
placed near the furnace door. Some 8 inches under the coil of 
Pipe lie ten 1-іпеһ wrought-iron tubes, closed at one end, the 
other end inserted into the retort; these tubes lie parallel to each 
other, and are 2 ft. З ір. in length, and into each of them is 
tapped niue east-iron burners, with one-sixteenth incl opening, 
making іп all ninety burners, An inch above the plane of the 
coil, a wrought-iron pipe proceeds direet from the short tube in 
front of the retort into which the coil is inserted, to the furnace 
door, and thence to the stenm space of a small auxiliary boiler; 
a branch, with proper valves, connects this pipe with the steam 
space oí the main boiler—the flow of steam bor also regulated 
by a орев, placed in the vicinity of the furnace door, near the 
oil cock. 

The water in the boiler being cold (sixty degrees), at fifteen 
minutes past two p.m., soie billets of pine-wood and shavings, 
weighing about twelve pounds, peng placed upon Ше coil, near 
the furnace door, were lighted, and the door partially closed; 
after an interval of fifteeu minutes the oil cock was giaduall 
opened, which permitted a flow of oil from the reservoir Mirough 
the coil; simultaneous with which, or a little later, the ateam 
соек was opened, which conveyed steam of about twenty pounds 
pressure from the auxiliary boiler, through the heated steam 
pipe, nbove the coil, to the retort or mixer, where, combiniug 
with the vapour of oil from the coil, it passes into the straight 
pipes, under the coil, and is fired at the burners. Тһе flame was 
vivid and intense, regulated in its force by the relative flow of 
oil and steam, and was entirely under the control of the fireman, 
who, at hie pleasure, could reduce the flame to the flicker of an 
expiring lamp, or extend it, by a single movement, to a volume 
filling the large flues and furuace with its flame. No smoke or 
unpleasant smeli was perceptible, and the combustion was com- 
plete and entirely manageable. Steam, at atmospheric presaure, 
was raised in the boiler in twenty-nine minutes from the time of 
admission of oil into the coil. No measure was taken in this 
experiment of the amouut of water evaporated; the apparatus not 
being considered as properly proportioned to exhibit the eoono- 
mical value of the fuel; and the experiment terminated in about 
one hoar by closing the oil cock, and the tire was out. : 

The analysis of this experiment may be shown аз follows. 
As this experiment only exhibited the weight of oil which, con- 
gamed under the boiler, raised a given quantity of water from a 
temperature of 60° to the boiling point, it is requisite, for a com- 
parison with the known effects of anthracite coal, to show the 
proportionate amount of oil which would be necessary to convert 
thie same bulk of water into steam of the atmospheric pressure, 
or the weight of water which a pound of this tuel will convert 
into steam. 

A ling to Tredgold, the quantity of fuel which will convert 
a cubie fóot of water, of a given temperature, into steam, at the 
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pressure of the ina К. is obtained by multiplying the quan- 
tity of fuel which will heat a cubic foot of water one degree, by 
the sum of the latent heat of steam, and the difference een 
212° and the given temperature of the water. Іп this case, 
212°—60°=152". The latent heat of steam, according to Dr. 
Ure, is 967°, which, added to 152?—1119?, which, multiplied by 
the quantity of fuel which will heat a cubic foot of water one 
degree, will give the weight of fuel requisite to convert a cubic 
foot of water frem the temperature of 602 into steam. This 
product multiplied by the number of cubic feet of water to be 
converted into steam, will give the total amount of fuel required 
in this case. 

Making the proper allowance for the pine wood in lighting the 
fires, the weight of oil consumed in the experiment was 60 
pounds; the contenta of the boiler was 200 cubic feet, at a tem- 
perature of 60°, which was heated by this weight of oil to the 
boiling point=212°; thus the weight of oil which heated 200 


cubic feet one degree was = 039 pounds; and the weight of 


oil which was requisite to heat one cubic foot of water one degree 
"39 
was 222-9019 pounds, This multiplied by 1119°=2196, and 
this by the 200 cubic feet of water in the boiler gives 425 lb., ав 
the weight of oil which would convert the contents of the boiler 
into steam at the atmospheric pressure—or 200 x 68:34 = 29°33 1Ъ., 
425 


as the weight of water at a temperature of 60°, which will be 
converted into steam by one pound of oil. From Isherwood's 
valuable experiment on marine boilers,—we find this same type 
of boiler in use on board of the U.S. steamera—and from the 
mean of the experiments conducted on these boilera, we find the 
quantity of water evaporated from а temperature of 100? with 
stenm at the pressure of the atmosphere by one pound of anthra- 
cite coal, to be 85 pounds, To compare this with the evapora- 
tion made from a lower temperature of water by means of the 
oil, this weight must be reduced in the following ratio, estab- 


; 966°+112°==1073  . я ла 
lished by Isherwood; 966515951118 =0°964, which multiplied 
by 8'5 gives 816 as the weight of water at 60°, converted into 
steam of M рака pressure by one pound of anthracite coal. 

Comparing this result with that above shown for the product 
of the combustion of oil, we find the evaporating power of the 
two fuels to be in favour of the oil, in the ratio of 20:33 to 8:16, 
or 26, weight for weight; the coal and the oil occupying about 
the same space for a given weight. That is to say, a cubic foot 
of coal as stowed aboard ship, will weigh about the same, or a 
little less, than a cubic foot of oil, the first weighing from 43 to 
59 pounds, and the latter about 54 pounds to the cubic foot. 

Further experiments, with improved apparatus, will be neces- 
sary in order to determine the precise economic value of this fuel 
in com} arison with coal; but the advantages of the oil as a fuel 
for marine engines may be briefly summed пр as follows:— 

Rapidity with which steam may be raised ; reduced dimensions 
of boiler and furnace below that required for coal; the continuous 
firing effected by feeding the fuel through a pipe into the furnace, 
thereby preventing the great loss of heat in the furnace every 
time a fresh supply of coal is thrown on, and the rush of cold air 
upon the opening of the furnace doors; the freedom from smoke, 
cinder, ash, or refuse of auy kind, which in coal reaches from 
seven to over sixteen per cent. of the whole amount; in the 
ability to command a forced fire almost instantly, without a 
fo draught, which, under some circumstances at sea, is of 
vital importance; in dispensing with the numerous class of coal- 
heavers, stokers, &c, and а! the inconvenience of raising 
clinkers and ash from the furnace rooms; and, finally, the dimi- 
nished space occupied in the storage of the fuel. 


— 


THE NOTTINGHAM SUBWAYS. 


Mr. M. O. Tarbotton, C.E., Corporation Surveyor of Notting- 
ham, remarking upon the discussion оп Mr. Burnell’s paper оп 
the Gas Supply of Paris, endorses the remarks made by Mr. 
Godwin in reference to the question of laying gas-mains in sub- 
ways; and goes on to state— 

19 
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“The subways of Nottingham having been alluded to, I will 
give some information as to their cunstruction, extent, and use; 
and as the corporation of this borough have for some time given 
considerable attention to the subject, their experience may have 
some little value. 

The first subways formed were in Victoria-street and Qneen- 
street, and have an aggregate length of about 550 feet. These 
new streets were made in the centre of the town, and being the 
first of a series of extensive town improvements, the corporation 
were desirous of iutroducing the best means of preventing the 
constant breaking up of the surfaces of the pnblic streeta for 
drainage, gas, water, and other services. The subway is 10 feet 
wide and 7 feet high, and was completed three years ago, and 
therein were laid the sewers and branch drains, and the gas and 
water mains and services. Тһе subway is well ventilated, no 
escape of рав or water has to my knowledge taken place, though 
the interior has been constantly visited and worked in by the 
men employed by the corporation and gas and water companies 
for branch drains and service-pipes. I have never observed a 
safety-lamp used, or heard of ita necessity; and I have seeu gas- 
service connections made with an open light, even with a gas- 
light obtained direct from the main, immediately coutignous to 
the branch iu course of being attached. Hitherto the workmen 
alluded to have had at all times free access to tlie subway. 

The second subway was made under Lister-gate, the greatest 
thoroughfare in Nottingham, after the same had been widened 
and improved at an enormous cost to meet the increasing tratlic. 
This subway is somewhat similar to the first, but with improved 
detaila as to ventilation, access, and internal convenience; and 
therein the main sewer of that part of the town is built, with 
service connections, and also the telegraph wires are therein fixed. 
For some reason the gas and water compauies have declined to 
use it, and have, instead, deliberately ripped up (ће street with 
four trenches for two lines (each) of gas and water maius. The 
corporation are highly annoyed, but notwithstanding, have 
decided to construct a cimilar subway under a third street im- 
provement, now iu progress. 

The advantage of subways (if safe for қаз-ріреа) is universally 
admitted, and their most earnest opponenta 5 failed to show 
ашу case against them for water, telegraph, and similar purposes 
(vide Minutes of the Select Committee, June 1864); but in 
respect of gas-mains, there undoubtedly is possible danger (as in 
every place to which gas is conducted), uuless sutficient means of 
ventilation are provided, aud the best modes einployed iu making 
and continuing the joints of mains and service-pipes. | 

I entirely believe in the statement of Mr. Hawkesley, that iu a 
well-managed company the escape from the maiu is very slight 
iudeed (say from 24 per cent. to 5 per cent), but I venture to 
cuuteud that in a well-regulated subway, escape from the mains, 
to become dangerous, need not take place at all, for the fol- 
lowing reasons:—lstly. That they are not subjected to the 
perpetual vibration caused by street traffic (in a subway there is 
no vibration). 2ndly. That they are not constantly disturbed 
by excavations around and under them for services and drainage 
operations. 3rily. That they are under regular inspection, and 
the joints сап be recaulked when necessary, or bitumenized or 
varnished frum time to time. 4thly. That oxidation would be 
leas rapid. Furthermore, if an iusidions escape of gas happened, 
au ordinary ventilation would preveut serious consequences. 

The wrought-iron services are the greatest promoters of 
leakage ; and during a daily experience of underground works 
for the last eleveu years, | have scarcely ever found а perfect 
service-pipe which was not new, ог nearlv so. The lime of the 
pavement concrete and the damp of the soil destroy the pipe, and 
the traffic loosens the jointe. Now, this may be prevented by using 
lead services; but in a subway the destructive iufluences men- 
tioned would not operate to anything like the өлпе extent with 
wrought-iron, and renewal would be readily accomplished. 

It has been stated that under the present system esca gas 
is absorbed by the soil, and that soil forms Ше best cushion on 
which to lay the pipes. If this be the opinion of gas companies, 
the subway plau offers no impediment, as on the side of the eub- 
way intended for gas mains the same may be imbedded to auy 
required extent; in fact, this is already the case in Covent 
Garden subway. Leakage by endosmose action has beeu ad- 
vanced, but if gas companies prove all their pipes, as they profess 
to do, the presaure employed in gas-mains will altogether be 
insensible. It is true, if a large pipe be accidentally broken, the 
same damage might arise as if the casualty occurred in a street 
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or any other place; bat if large operations were in progress ia 
the subway, corresponding precautious would (and could most 
easily) be taken to meet the contingency of accident; and it is 
only reasonable to expect that in a large system of subways the 
control and managemeut thereof would be iu the hands of a 
single aud responsible authority. 

lt is the interest and duty of corporations and other bodies 
having the charge of the highways aud strects of large towns, 
to prevent as much as possible their constant ravishtnent ; and if 
the subways now proposed will etfect this object without detri- 
ment to the companies, they ought to be compelled by the 
Legislature to adopt them; and I think it rather exhibits a want 
of fairness and public spirit for the gas and water companies 
combinedly to oppose them (the latter company without a shadow 
of pretence) without giving those trials which the Metropolitan 
Board and the Nottingham Corporation have so generously and 
earneatly offered. It should be understood that the so-called 
subways in Paris are simply sewers above the water-level, in 
which the gas and water mains are fixed, and not subways 
proper, as tliose in England." 


—— < 


IRON ENGINE PITS FOR RAILWAYS. 
(With an Engraving.) 


Тнів application of iron manufacture is certainly a step in the 
right direction. It is needless to remark upon the numerous im- 
provements in the mavufacture of iron, and Ше still more 
numerous uses to which it has become applicable since the Con- 
way and Britannia Tubes were desigued by Robert Stepheuson-— 
the profession know well also that there is still a rapid yet steady 
increase in the uses of this metal veu where timber, 
stone aud brick were considered indispensable, from their peculiar 
natures, for purposes to which they were applied, iron has by 
improved processes been so wrought aud shaped as to enable 
it to supersede them. We live iu au age of iron, and welcome 
any new application of that valuable material, wheu we find 
efficiency and economy are the results. 

For the invention uuder notice tlie public are indebted to Mr. 
Henry James Rouse, Civil Engineer, of Abingdon-street, West- 
minster, formerly Eugineer of the Egyptiau Railways. Mr. 
Rouse's patent promises a safe and durable engiue pit, self- 
sustaining as а girder spanning the entire leugth, yet light in 
weight, sufficiently portable, aud easily coustructed. When fixed, 
it is amply rigid to sustain the weight of the heaviest rolling 
stock running over it at high speeds ; aud while Из use obviates 
the difficulties that sometimes unavoidably occur iu such situs- 
tions when formed of masonry, due to bad foundations or bad- 
setting mortar—its price does not exceed that of a masonry pit. 
We cannot do better than give Mr. Rouse’s owu description, as 
contained in his specification, remarkiug perhaps beforeband 
that the check rail described in the specification may invariably 
be dispensed with iu practice as unnecessary. 

This invention cousists in the construction and employment of 
“engine pits” or “pits” of metal, by preference wrought-iron, 
the form proposed being that of a rectangular or square-sided box 
or pau let into the ground, and carrying Ше rails upou its upper 
rim; and in certain cases there may be, iu addition to the ordi- 
nary main rails, check or guard rails, extending the whole length 
of the pits, and placed on the inner side of the main rails, and 
curved or elbuwed at the ends, iu a similar way to the check rails 
in “crossings " at stations. The check rails are for the purpose 
of preventing engine ur other wheels from leaving the line at or 
on the pits. 

The following is the mode in which the metal engine pits or 
metal pits are constructed :— They are, by preference, made of 
wrought-iron, rivetted together with angle irons and tee irons, 
having flanges on their top rims, for the purposes of carrying the 
rails and stiffening the edges of the pits. These flanges are to be 
either of plain boiler plate or bar iron, connected to the sides 
and euds of the pits by angle iron or tee iron, or they are to be 
of chequered or stamped plate, the chequered or uneven surface 
being undermost, во as to secure a good hold in the ground; or 
the flanges are of an eutire rolled section, to be attached at once 
to the sides aud ends of the pils. The bottom plates of the pits 
are of rough fluted, chequered, or other stamped or rolled plate, 
for the purpose of души foothold for the workmen who шау be 
engaged in atteudiug to the engines or other rolling stock over 
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the pits. The transverse and longitudinal ribs of tee irou or 
angle iron forming the framing or stiffening of the pits are placed 
оп the outer side of the pits, leaving a clear uninterrupted sur- 
face inside, and forming a good hold in the ground surrounding 
them outside. Gusseta and stiffening pieces are used also where 
ifia found necessary, for the purpose of ensuring the rigidity of 
the whole system. The form of the metal pits may vary accord- 
ing to the space that may be allotted to them, or other circum- 
stances; and one ог both ends may be made sloping, in the form 
of inclined planes, with transverse pieces of angle, tee, or other 
iron, to give foothold to the workmen in descending or ascend- 
ing; or steps are provided either of wrought or cast iron, bolted 
or otherwise, fasteued to the sloping end ог enda; ог the means 
of access to the pits may be by portable iron or other ladders or 

ngways, in which case the ends of the pits may be vertical. 

he metal pits may be provided with a box or locker for tools 
and a place to keep a lamp, snch box or locker being attached to 
the inside of the pits in some convenient place. As regards 
dimeusions, the metal pits are made for railways of апу gauge, 
and their length may vary from a length ouly sufficieut for a 
portion of or for a single engine, tender, carriage, or wagzon, to 
а length capable of taking any number of the same combined. 

The various kinds of iron used in manufacturing the wrought- 
iron pits are either of the usual kind of rolled or stamped form, 
or of specially rolled or stamped iron, to suit the form of the pita 
in as near their entire section as possible. The main rails and 
check rails, whether of iron or steel, or any combination of metals 
bearing upon the upper rim of the pits, are either the usual 
double-headed rails, flanged rails, bridge rails, or any other 
known section of rails, or some specially rolled section of rail 
which may form part of the rim of the pits; the inaiu aud check 
rails шау be rolled t»gether iu one section or separately. Тһе 
bearings or seatiugs of the rails are either to be ou or with cast- 
iron chairs or ou or with wrought-iron chairs, brackets, lugs, 
or atepa bolted, rivetted, or otherwise secured to the flauges cf 
the pits, or continuous bearinge, bolted, rivetted, ог otherwise 
fastened, as the case may require, aud for the purpose of uniting 
tbe main rails on the pits with the adjoiniug main rails of the 
line, either the ordinary fishing plates are to be used, or in the 
event uf the sections of rails on the pits beiug different to those 
of the line, fishing plates or seatings 80 formed as to unite any 
two dissimilar sections may be used. 

The above description refers principally to wrought-iron pits, 
bat this invention includes pits formed wholly or partly of steel; 
it also inclades pits made of buckled plates or other stam; ed 
plates wholly or partly; also pits of corrugated iron wholly or 
partly. The mode of forming these pits ia somewhat similar to 
that described for the wrought-iron pits, varying iu detail accord- 
ing to the nature of the plates used, and the mode of framing 
necessary. Sometimes tliese pits are formed wholly or partly of 
cast-iron; Ше cast-iron pits are cast in sections or entire ; where 
they are cast in sections the joints are made with flanges or laps, 
bolted together with bolta and nuta, and caulked with iron 
cement, or other suitable cement or caulking, or otherwise fas- 
tened. The cast-iron pits may have the chairs for the rails cast 
with the piis or separately; aud they may have cast-iron rails ia 
liea of rolled rails cast with the pits in cases where cast-iron rails 
will be sufficiently strong and durable, otherwisk the rails are of 
the kinds already described. The description of the sloping ends, 
steps, or ladders for the wrought-iron pits apply also to the cast- 
iron pita. 

The following details are common to every description of metal 
pit applicable to railways, namely:—There is a slight inclination 
or fall of the bottom inside towards one or more points for the 

urpose of drainage. In all the top rims or fanges of the pits, 
foles are provided for the purpose of rammiug or punning the 
ballast, earth, or whatever the ground may be, so as to form a 
solid bearing or bed fur the pits. There are also holes, handles, 
eyes, or luga, provided fur the purpose of lifting or lowering the 

ita in place or removing them by means of tackle, aud the rails 
and check rails being attached to the pits will be raised or lowered 
with them as part of them. To renderan alteration in the length 
of a pit an easy operation, the pit already in place to be lengthened 
or shortened need not be entirely taken away to be replaced by 
another of different length, but the end portions may be so con- 
structed, if necessary, that they cau be taken away, leaving the 
middle portion in the ground, to which can be attached new end 
pieces. The metal pits of every description when made for 
xportation, and when of too great leugth to be shipped entire, 
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may be prepared in detached plates, bars, tee, or angle irons, or 
iu pieces or sections for the convenience of shipmeut, to he 
united when arriving at the place for which they are intended. 
The metal pits may be coated by either of the processes called 
galvanizing, glazing, or enamelliug, or by any other process for 
the prevention of oxidation, the coating being applied to the 
material before being pnt together, or to the pits when complete. 
The check rails, as well as main rails, are or may be attached to 
all metal engiue pits where traius or engines pass over them at 
high speeds, as, for example, on main lines of railways; but for 
those pits that are used for sidings, station yards, engine and 
tender shops, or carriage and waggon shops or sheda, where the 
speed over the pits would be slow, or where engines are never 
taken, check rails would or need not be used; and in such cases 
the flanges of the pits carrying the main rails would be narrower 
than those where check rails are used, and there would be no 
holes for punning or ramming the ballast or ground, the narrow- 
ness of the flange obviating the necessity for Ше holes, and the 
punning or ramming would be done frem the outside edge. Тһе 
metal pits may be placed ou a curved line of rails or railway, 
the main and check rails may be curved on the pits to suit the 
curve of the line, either by the marginal flange of the pits being 
made sufficiently broad to include the curvature of its length of 
rails, or in a very sharp curve by the pits being curved or poly- 
gonal, so as to present a uniform support nnder the curved rails, 
and the tilting of the outer rail may be effected either by packing 
or by special chairs, or rails for the purpose, In all the situations 
where the ordinary engine pits may now be placed, and also in 
situations where they cannot be used without additional cost and 
danger, namely, in embankment or made ground, and where 
the heaviest express traius may run over them at high speeds, 
the metal engine pits are applicable from their self-supporting 
form and materials, and they will be perfectly fire-proof. These 
can be shifted from one place to another when required, and their 
construction allows of the greateat working space within them; 
the space hetween the sides can he as wide as the gauge of the 
line, hy having the rails of a section projecting only outwards 
from the pit. 

Our engraving shows (Fig. 1) an isometrical view of an engine 
pit formed of boiler plate, being the kind of pit to which pre- 
ference із given by the inventor. Figs. 2 aud 3 show cross sec- 
tions, the former where a bridge rail is used, and the latter 
where a double T rail and chair is employed. 


—_  ---- 


PARIS UNIVERSAL EXHIBITION, 1867. 


Memorandum on the arrangements for the Machinery Gallery of 
the Paris Exhibition. 


By Captain Festina, К.Е. 


T.—By the General Regulations for the Universal Exhibition, 
approved by Imperial Decree of the 12th July, 1865, instruments 
and processes of the common arts are placed iu Group VI, which 
is divided into 20 classes. А gallery 115 feet wide, апа 82 feet 
high, is to he provided in the building for this group. Тп breadth 
this gallery is to be snhdivided into а central block 758 feet wide, 
апа two side passages each 16) feet wide, leaving a space of little 
over three feet at each side for counters and glass cases, placed 
against the partition walls. In the middle of this central block, 
and running thronghout the machine gallery, there is to be a 
nlatform 13 feet wide,’supported on columns about 148 feet high. 
From this platform visitora will he able to see at a glance the 
machines exhibited. The columns of the platform will also carry 
two parallel main shafts for transmitting motion to the various 
machines, and under the platform will be workshops for skilled 
mechanics, whose work із to be exhibited as examples of the 
processes of the common arts. In the words of the supplementary 
instructions issued by the Imperial Commission relative to the 
arrangement of this group— 

‘Tt is not enough. in fact, to show to the visitors of an Exhibition 
the mechanical powers characterised by power and speed. In juxta- 
position with it must be placed the work of man, showing perfection of 
taste, manual dexterity, and intelligent precision. In adapting this 
scheme the Imperial Commission believe that they will remedy an 
undesirable omission, and at the same time add a perfectly new attrac- 
tion to the Exhibition of 1867. Ву this means the Commission hope to 
suggest comparisons both useful and productive, to bring to light the 
share of the workmen in the productions of industry, and at the 
moment when machinery seems on the eve of absorbing every manufac- 
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ture, to show that for certain works the hand of man can defy all 
mechanical competition. A special Class of Group X. (Class 95) com- 

rises the most attractive and ingenious processes carried on by band- 

bour, and particularly those suitable to skilled workinen. But some 
of the C'asses of Group УТ. are also open not only to the apparatus 
enumerated in the system of classification appended to the General 
Regulations (Appendix А.), but also to tbe workmen achieving, either 
with or without simple tools, results which these apparatus produce 
meohanicaly. The following may be quoted aa examples: іп Classes 
55 aud 56, weaving, rope-making, spinning, embroideriag, knitting; 
aud in Class 59, paper-making, bookbindiug, &o. : 

“This Exhibition of manual labour will not excite so much interest 
unless it be placed in juxta-position witb the machinery with which it 
contends with more or le в succens, according to the particular industry. 
The workmen who are to use manua? labour will find under the central 
platform mentioned above, в workshop, separate from the collection of 
machines, but sufficiently near to them to render comparisons easy. 
The portiona of this covered ground space thus converted into work- 
shops will be flanked on each side by a passage б feet wide, which will 
allow visitors to approach and observe iu detail the performance of the 
workmen. f 

“In order to give greater prominence to the collection of objects 
comprised in a Class, it is desirable that the publio circulating in the 
lateral es of 5 metres, which extend along the whole length of the 
gallery, should be able to see the central block displayed as a whole, 
without being obliged to make their way into it. То effect this object, 
the Committees should ая much as possible place the machines upon 
stages rising from the border of these passages up to the central plat- 
form. If necessary, steps with proper foundations rising one above the 
other would produce this amphitheatrical effect. А 

“Оп the other side of the 164 feet passage laid out on each side of 
the central bluck, tables and glass casea will be placed against the wall 
for the reception of a multitude of objects, machines or apparatus of 
small size, which would be lost amidst the large engines placed in the 
eentral block. Lastly, the partition walls af the great gallery which 
has just been described will be available for the exhibition of drawings, 
trophies, and objects which are of no great thickness. ‘his additional 
space, which it will be expedient to turn to account, will give a desirable 
depth to the apace where the objects are exhibited. Each Committee 
should make every effort to obtain for exhibition those ittle known and 
attractive processes, each successive stage of which can be fullowed, 
showing how the raw material is transformed into the finished product. 
Under this head may be mentioned the manufacture of parer, completed 
by the process of printing; spinning, weaving, &c. It will also be 
desirable, where in азу Class the manual labour can be brought into 
proximity with the mechanical, to find a place for the workmen under 
the central platform, provided tbe general arrangements do not suggest 
а more suitable spot." 


П.--Тһе cost of all foundations, Ес, and all erectious and 
fittings necessary for the proper display of the objecta in this 
group, is to be borne by the exhibitors. The motive power for 
the machines exhibited will of oourse be procured principally by 
steam, but other means will not be excluded. Instead of the 
supply of the motive power beiug carried out, as hitherto, by the 
administration, it has been decided to employ the system of 
private enterprise, and to distribute the generators of force at 
various points rouud the Exhibition Building, instend of concen- 
trating them in one spot. 

ПІ.--Гһе whole machinery gallery is to be divided into a 
number of sections, each of which will have its own system for 
supply of motive force. 

IV.—'The Imperial Commission will enter into agreements 
with contractors for the supply of motive power for the varioua 
sections. 
>  V.—The British Executive has arranged to coutract for the 
supply of motive power to the British portion, which consists of 
two aud a half of these sections. 

УТ--АП prime movers are to be inside the building ; recumu- 
Іміюге for the supply of water under pressure to hydraulic engines 
should also be inside, as well a& reservoirs for gas, comp 
air; &с. for working any part of the machinery, if they are 
free from danger and inconvenience. The boilers or other genera- 
tors of force which require fire are to be outside the building, at 
the distance of 984 feet from ita exterior, or about 197 feet from 
the centre of the machine gallery, 

VIL—Each section of the building will have its set of boilers. 
From thence the steam is to be oonveyed by pipes to the prime 
movers in the galleries, Тһе prime movers will not be collected 
in one group, but will be distributed wherever there тау be need 
of motive power, from one horse, or half one horse power, as 
supplied by gas engines, to that required for the largest 
machines. It is requested that those exhibitors who may wish 
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to assign their prime movers to the use of the Exhibition will 
notify their wishes ая soon as possible. They will һауе to fix 
them on solid foundations and fit them up for work. 

Уш--Тве only conditions made by the Imperial Commission 
with regard to the generators of motive force, is that, those for 
each section sheuld be in a certain position, on one or both sides 
of, but close to, a road in the Park which leads to the entrance 
door of the section. For each section there may be any number 
of boilers of the same or different kinds. 

, IX.— The boilers, shafting, aud prime movers will all be con- 
sidered as objects exhibited, and must be accessible to the public. 
It will, therefore, be desirabie to have as great variety as possible, 
iu order to show the various ways of turning to account the force 
derived from the combustion of the fuel employed. 

X—All machiues whicn work with their own boilers, and 
which the exhibitors may wish to show in motion, must be 
placed in the Park. The Imperial Commission will make special 
arrangements abont such machines. 

X1.—Processes_ which uire the use of fire, such as the 
working of metals, glass makiug &c., must be shown in the Park, 
and the works wil! be arranged round the boiler houses of each 
section. The exhibitors will have to construct all the necessary 
buildings fur these works. and to plant, turf, and keep in good 
order the approaches to their establishment. 

XII.—It is suggested by the Imperial Commission that those 
who wish to exhibit agricultural machines at work which cannot 
with safety or convenience be placed within tbe building, should 
club together to erect in the Park, at their common cost, some 
inexpensive structure for their machines. 

XIIL-—Those who шау wisl to exibibit machines for raising 
water, вс, may in the same way unite to make а pond in the 
Park. This pond can be supplied from a well in the French 
portion of the Park. 


----«.- -- 


The Metropolitan Tramway Company and Putent Crescent 
Rails.— Notwithstanding the want of success of Мг. С. Е. Train's 
project for tramways in the Metropolis, a number uf gentlemen 

ave combined together for the purpose of repeating a similar 
experiment, and have prepared a bill, which will be hrought 
before Parliament upon an early day. Recently Messrs. Johu 
Noble and Co., engineers, of Bridge-street, Westminster, exhi- 
bited at the Westininster Palace Hotel, a model of the proposed 
tramway, and described the advantages of the patent crescent 
rail Тһе rail is laid below the level, and is such a mere split or 
chink in the roadway, that the promoters assert that “the most 
tender vehicle cannot experience auy shock" Four routes are 
proposed, viz, 1. From the Archway Tavern, Holloway, to the 
south side of Finsbury-square; 2. From the Seven Sisters’-ruad 
through the Caimden-road to Tottenham-eourt-road; 3. From 
Lower Edmonton to the southern end of Kingsland green; and 
the 4th from Stratford-grove to High-street. 


Sewerage of Perth.—The magistrates of Perth һауе reaolved to 
adopt a scheme for а general aystem of drainage for the burgh, 
keeping in view the practicability of utilising the sewage, aud 
avoiding the pollution of the river Tay. They have enyngesl 
Messrs. Stevenson, of Edinburgh, to report on the subject. 


Sanitary and City Improvement of Edinburgh.— А very com- 
prehensive scheme for opening up the truly close districts on the 
flanks of the ridge down which the High-street and the Canon- 
gate extend from the Castle to Holyrood Palace, has been pre- 
pared by Mr. Roderick A. F. Coyne, C.E., and submitted to the 
city authorities. Mr. Coyne’s plan includes three great lines of 
street, the longest and intermediate one extending from the Grars- 
market down tbe (widened) Cowgate, whence it nears more and 
more to the ridge of High-street as it crosses South Bridge-street, 
Niddry-street, and St. Mary's-wynd, running on into the Canon- 
gate at the head of St. John’s-street, where other two new streeta 
are proposed to be joined with it, опе affording an opening to 
Queen’s-park, and the other running back along the other or 
northern flank of the High-street ridge to Cockburn-street, weat- 
ward of the North Bridge-street, which it crosses on its way, ив 
it also does the other block of Mr. Chambers’» twofold project. 
The third line of street runs from Grey Friars Church also east- 
ward, passing the College to the Pleasance. The estimated cost 
of the two first, and most important, of these plans, iucluding 
Queeu'a-park approach, is £168,031. 
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ART IN RELATION ТО ARCHITECTURE. 
By Joux P. Вкогон, F.R.LB.A. 


* Tum object of this. paper is to direct attention to what is the 
nature and object of Art. . 

Art шау be defined as the skilled labor of man, the object of 
which is to superadd to what is practical or utilitarian, the 
pleasurable and the instructive. 

In the early days of civilization Art was the simplest, readiest, 
and most effective means of conveying instruction. At the 

resent time this particular office has been almost superseded 

у the invention of printing. We know, however, how welcome 
an aid the pictorial is in the tuition of children, and we have 
none of us во far outgrown this propensity, childish, if you will 
(and it is to be hoped we never may) as to be willing, if able, to 
dispense with its attractions. Instruction is still the highest 
and nobleat office of art, and we all owe much, and we hardly 
know how much, to its influence. Ofall the arts, that which has 
been most serviceable in one of its most valuable offices, that of 
handing down historical records, architecture has been the most 
во, and little should we know of many eras in the history of the 
world but for the fragments of the buildings which modern 
research has exhumed. Christianity also from its carliest days 
made use of art, as an able assistant and disseminator of its 
doctrines. Its Cathedrals were but vast storied books in stone; 
and their carved portals and painted walls and windows preached 
to the people sermons, the necessity of which, in those days, 
when such were the only books they had access to, we can now 
hardly appreciate, and it is this superaddition of instruction to 
the practical purpose, of providing а mere covering for the wor- 
shipping multitudes, which forms in those structures the one 
grand distinguishing characteristic between architecture and 
mere building. 

I am, however, disposed to claim no greatly diminished im- 
portance for the other characteristic of art which I have named, 
that of providing the pleasurable element to the handywork of 
man, and I believe its importance to be now-a-days greatly over- 
looked. This is eminently a scientific age, and science has 
made, and is making, such vast strides, that the comparative 
progress of art is little noticed or cared for—and yet science 
merely provides the means of life, or curing its ills, while it is 
art which embellishes it. 

Art and Science are the translators, as it were, of the beaut 
and the construction of God's book of nature. In nature, whic 
of these is the more freely offered to our admiration? We are 
not taken behind the scenes to see the subtle method of her 
construction, but beauty is showered upon the surface of all her 
works. We need have no close acquaintance with the hidden 
machinery of bones, of muscles, and ligaments, to perceive the 
grace of outline, the glory of colour, or the power of expression 
which lie on the surface. Inasmuch then as health is prior to 
disease, and therefore to surgery, which would cure it—so is 
Art the elder sister of Science. 

It cannot be denied, however, that at the present day there is 
а wide-spread feeling that art is а luxury, or at any rate anything 
bat a necessity. The world is so absorbed in making money, 
that it seems to have по time {0 stop to consider, what alone can 
make the possession of money desirable. My present object 
is to shew that this should not be so—that it never has been so, 
until the last three centuries: to prove that those centuries 
have been none the better or вара for its absence, and that a 
splendid future lies before us, if we would only accept the doc- 
trine that art should go hand in hand with science, the one assist- 
ing, the other adorning, their mutual progress. 

$ must, firstly, then, shew what art has been at different 
periods in the history of the world. 

Its power over the minds of men was early recognized by 
those who have ruled the religious aspirations of the various 
nations, and ‘in their hands there has been no more effective 
engine of priesteraft. It was thus wielded by the Assyrians and 
Egyptians, and to realize the manner in which it could bind, as 
in fetters of iron, the spirit of multitudes, I would ask the reader 
to accompany me in thought to the ancient city of Thebes, on 
the banks of the Nile, and to approach the far-famed Temple of 
Carnac, through its wondrous avenue of sphinxes, more than a 
mile in length, from the river's brink, each of vast size, of hewn 
and polished granite, appearing sternly, but calmly, to be gazing 
into futurity. Between those we pass up to the stupendous 
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Ргопвов or Portal of the Temple Courts, flanked on either side 
by ite obelisks, emblems of light, wrought all over, as indeed 
was almost every stone, appearing by very multitude of design 
to realize infinity, with significant Шер алтысы Enter beneath 
its frowning brows into the spacious outer court with colonnades 
all round it, and through successive pronavi and courts, until the 
Temple itself is reached, and we are lost amid the vistas of 
colossal columns, with spreading lotus capitals, dimly through 
‘which may be seen the shrine of the sacred ох or embalmed 
Ibis, which the deluded crowds have come to worship. And 
now in imagination strip the caged beast, or potted mummy, 
from all this external paraphernalia of architecture and art, and 
what remains in the bellowing or shrivelled carcase of the god, 
that myriads of human souls should bow down themselves to it 
in abject reverence. 

Let us pass from this rude, yet indisputably effective style of 
art, calculated to impress, to bewilder and to crush into sub- 
jection the ignorant masses, to the other side of the shores of 
the Mediterranean, to the Acropolis and city of Athens, and scan 
there the art which addressed itself to the polished and sceptical 
Greeks —votaries of “the unknown god," in search ever for 
something new, and gaze upon their Parthenon, the shrine built 
to contain the precious chrys-elephantine statue of Minerva, 
begirt with fluted columns, forming a grateful shady promenade 
for those who thronged to do honour to that favourite goddess. 
There is no mystery, no redundance here, no aid sought b 
means of mere magnitude or multiplicity of parts, but instead, 
by the utmost delicacy and refinement, such as our uneducated 
eyes could hardly appreciate, optical irregularities are corrected 
with scrupulous and scientific care, even its pavement was aaid 
for this purpose to have been laid with an exquisitively delicate 
curvature; the snowy marble to have been tinted in order to 
soften its glare; the aid of sculpture—and such sculpture aa 
the world neve saw before nor since—was invoked to heighten 
and complete the effect of the architecture, and to speak intel- 
ligibly to intelligent men. Take away this casket, with all its 
lovely setting, from the goddess’ statue, which was the gem it 
was framed to guard, and the crowd of her worshippers would 
without doubt have been most woefully thinned. 

Now let us folow the stream of time, and proceed to the 
confines of imperial Rome, and aee the wondrous array of arohes 
which traversed the wide Campagna, to bring the tributary 
waters from the provinces within the walls: to this day the 
stupendoua wrecks of these remain to attest to the magnificence 
and wealth ofthe city. Let us enter the vast circumference of 
the guilty arena of the Coliseum, with its arcaded tiers of 
building, in which the fashion of Rome congregated to gloat over 
the death throes of the victims of the State, and we can read there, 
in many clumsy expedients to marry the architecture they had 
stolen from more inventive nations to the science and scale their 
wealth could command, that their endeavour to Есер art 
harnessed as a captive to their triumphant car was a futile one. 
Still what is there that Rome has left to tell future generations 
of the sway she once held over the world but the ruins of those 
her architectural works. 

And if we would know something more of the inner life of 
those days, we may turn to where the ashes and lava from 
Vesuvius buried for us, and the antiquarian гевейтсЬ of the 
present age has since exposed, the provincial towns of Hercula- 
neum and Pompeii, and there is preserved for us through all 
those ages even the ordinary decorations and paintings upon the 
walls of their dwelling-houses, and numerous minutie, which 
historians would have thought it beneath them to have chroni- 
cled in their pages, but which are nevertheless of the greatest 
interest to us, consecrated as they seem to be by their antiquity. 
Art, however, in the hands of the Romans, sunk at length to 
such a depth of degradation, that it was no loss to the world 
when it was all swept away, in company with the empire of 
Rome itself, by the successive floods of invading barbarians, 
since it slowly but gradually revived again with renewed energ 
and under better auspives as Christianity completed its triump 
over Paganism. 

The period of this revival is one fraught with intense intereat 
in an historical point of view, and from its associations, and yet 
comparatively little ie known р it, odern com- 
placency has given to it the term of “Тһе dark ages,” mainly, 
one would think, because we ourselves are unable to вее clearly 
into them; I have grave doubts, however, as to whether our 
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; TS ; ion of the decayed old 
own time has good cause to look down проп them, at any rate, Romanesque, which is the Teutonic version 0 
when Questions of art are under dissuti n. к Е Roman architecture and spread fron тар Pong me vanki x 
Here again the remains of the architecture and its associated Rhine and through France an ibid This style is to 
arts of the period appear likely to afford valuable assistance receiving in each a distinct local c f St. Nicholas’ Church, 
towards filling up the hiatus in our knowledge of its history, seen in the lower stages of e Toner peine er Mena 
and the character and degree of its civilization. For although immediately above the roofs, being a re sd Lorie беш рлы 
hitherto but a few remnants had come into our possession of church built by Bishop Herbert, (в d for. the foundation of the 
those of a character which led us to believe that art, if not dead, this diocese is во X р The somindalae arch isthe 
was but in a stagnant and undeveloped condition, this has been noble Cathedral at Norwich as we hes N from the succeed- 
altered within a very recent period in a most remarkable manner. principal feature which distinguishes in this instance its details 
It would appear to many almost as if the age of miracles was ing ecclesiastical styles of ре of the enrichments 
not extinct, to be told that but the other day, not a few isolated are very simple and plain, and devoi а шалу from the position 
monuments of this very era had come to light, but that a dise which usoally are 168 characteristics ; P d was half-mlitary, 
covery had been made, in a region but little removed from the of the church upon the aea-coaat, its а by circumstances. 
beaten track of tourists, of a whole country studded with deserted and such simplicity was a порренсу а d n réüresented in 
towns, entirely composed of buildings ‘erected from the 4th to The next peri the work of pra ier “ Early English,” 
the 7th centuries, of stately and sumptuous character, evidencing this building is that known by the та Witheut entering 
в higher and more refined state of society than ме had dreamed which is the earliest of the Gothio styles. hi tele aroso. 
sould have existed then. into the discussion as to how and наде, + А руа 
In Syria, іп the district known ав The Hauran, near Damas- whether it was due to the Crusades, Ж. На contact, or to 
cas, and in the country around Aleppo, which has been recently and western nations into close if not thio a iteoture, which 
explored by the Comte de Vogüé, who has just published the other causes; certain it is that in Gothic ғ f Europe in the 
results of his travels, there are now existing in an area of about became indigenous іп all the western eeg e Po pe th tho 
30 or 40 leagues, more than 150 towns, uninhabited, save occa- mediæval ages are to be found -the rg the pointed arch as 
sionally by a few wandering Arabs, and which are in a wonderful Romanesque and Byzautine styles, but with the poi 
state of preservation, due to the character of the climate, through henceforward the ruling form of every Coe of Gothic developed 
the empty streets of which the traveller may pass and examine In England alone was the earliest phase o termed the Early 
at his leisure monuments of the era under notice, and enter 80 ав to form a style of iteelf, which is 1 rme row, lancet 
noble courts, spacious and stately houses, the very staircases of English, in which the windows are атар М sete or triplets 
which remain, elegant baths, co onnades, and fine churches, in shaped openings, used singly or groupe tae’ Che е h, whereas in 
the details of which may be found the missing links between ав ш the west end of the nave of it. Nicholas 4 кезенің за 3500 
Classic and Mediæval art, very different from what had been other countries tracery appears in the та be established 
те де that we had шегіну Бееп were rit a8 m аса architecture may be said to have been 
the work of the contempo early Christians, whoin Rome had at all. : А : ind. i 
passed а hidden and struggling existence in the gloom of the Another point which should always be том rre emi] 
catacombs beneath that city. although for our own convenience we have " B divided 
Mr. Oyril Graham, who rapidly explored this country in 1857, architecture into distinct styles, these were not a sable. Hia one 
speaking of the enormous city of “Um-el-Gemel,” to the South іп point of fact, but passed gently , almost as bur a course 
of Borrah, and probably a Beth-gamul ; X Scripture, Bays, ie the ether and snared ite whole history was 
“I wandered quite alone in the old streets of t e town, enterin о nsition or growth. Қ , 
one by one the old houses, went up stairs, looked into the mind The architecture of the naye of asi ae on fro 
and, in short, made a careful survey of the whole place; but so therefore be described as of tie period о е ble for its fine 
erfect was every street, every house, every room, that I could Norman to Early English бойың, and d pie bol оа, 
lave almost fancied, as I was wandering alone in this city of the arcades with their admirably ee рғ Е 
dead—seeing all perfect, and yet not hearing a sound—that I octagonal, and shafted in succession. 
had come upon one of those enchanted places described in the The great feature of St. Nicholas e of the more 
Arabian Nights, where the population of a whole city had been and ap ended aisles, those adjoining the\pave nal style, between 
petrified for a century.” completely advanced Early English or Tran за e windowa 
Venice, which was founded in the 5th century, might fitly be the Early English and Decorated. Their | ча the. original aide 
called the battle ground of the styles, and there more easily shew the rudiments of tracery, and допъцец to shew what I 
than in any other localit may the history of architecture and windows did во also. I have prepared a draw 
ita associated arta from this period, until the complete establish. believe to have been the southern side of е 
ment of the Mediæval Gothic of Western Europe be studied. was spoiled by later alterations. The side wing only the outer 
The classic art of antiquity was at the time of the foundation но beautiful original internal dressings, it bang ERA 
of the Queen of the Adriatic, dragging out a languid existence at framework which was replaced later by рөгреһ 2 
Rome, under one phase, which was founded upon the type of their great detriment. 
the Basilicæ, the old Courts of Justice of the Roman empire, and The south porch has been a sumptuous work, of È 
in Constantinople, and the Eastern Provinces under Ив вжау, what later than that of the atslee. It is of the earl | 
under another phase, known ав the Byzantine. In Venice these period, with rather curious and unusual tracery, sup; : 
met and contended for the mastery. "There the various nations detached Purbeck marble shafts, and is an excellent 
of the east and the west met and built for themselves, under the style. 


its tolerant and paternal government, according to their own Then we have the chancel and Из aisles, and the easi? Bes ope 
traditions, and as might be expected, we soon see their work tower piers, of fully developed Decorated work, and the style of 
united in various proportions in the same buildings. of still later date, or flowing Decorated ; and of the laste”, 


But the northern Teutonic energy wasthe most vigorous, and Gothic architecture, known as the Perpendicular, wh. nn. 
before long asserted ita supremacy, taking however from each of numerous inserted windows and other alterations, уһ 2. 9 
its competitors some element which it blended with its own, and fortunately do not improve the architectural and № 
thence sprung and spread over Europe the Gothic Architecture character of the fabric, although they increase in some Ж 
and Art. its antiquarian interest, as a monument embodying in itse 

However, the brilliant story of its rise and progress, as work of all the periods of ecclesiastical architecture. 4 
written in the stones of Venice, ів it not well chronicled in the Recently the interior of this unique and magnificent stru 
plowing pages of Mr. Ruskin? I will not therefore follow it has been restored to its full magmitude, and its just proporti 
urther, as my purpose is now to trace the same progress from It is, however, far from being in a condition to convey an і4е%,4. 
this point, as it may be seen in the noble church of St. Nicholas, the splendour which in olden days it undoubtedly роввев as 
Great Yarmouth. It is well known that few of our churches, none of BUC Be 

The whole series of the styles of English ecclesiastical St. N icholas, were left in unsophisticated stone and plaster, № 
architecture are represented in this structure—the first in order were all sumptuously enriched with works of high art, 
being The Norman, this is the English development of the and decorated screens, such as Norfolk, beyond any coun 
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still famed for; and from encaustic flooring to painted and gilded 
ceilings, the whole glowed with rich and beautiful colouring. 

The present generation has made a vast advance beyond the 
limited appreciation of art which has obtained during the last 
ore centaries, if they can be said to have appreciated art at 

It is useless to ulate why it was that simultaneously with 
the Reformation (which we all believe to have been a great 
boon to the world, as clearing away the mists of superstition 
that at length had obscured the Christianity of the middle ages) 
art в: the same time fell into во lamentable а state of decay and 
neglect. 

tis the mature of mankind to run into extremes, and Ше 
feeling that art had been made the instrament to foster such 
superstition doubtless helped to lead to a reaction, through 
which it became altogether ignored and set aside. 

Next succeeded a period of stupor, of entire indifference to 
art, when men could see naught but the merest utilitarianism in 
such buildings at all. 

From this deplorable condition the present generation hes 
awoke. It does at last admit, not only that it has no right to 
destroy its ancient churches, but that it is a duty incumbent 
upon it to maintsin them, nay even if they can accomplish it, to 
restore them, and to wipe away the shame of the neglect of their 
forefathers. All this is well. 16 is well thet this appreciation 
ot art and architecture has commenced with our ch es, but I 
am anxious that it should not stop there. 

I wish to plead for the importance of art in our homes, 
throughout our towns, во that our improved churches should not 
be so utterly out of harmony with their surroundings as at present, 
end in the country, so that our villas and cottages should not 
be such lots in a fair landscape as they are at present. 

This was the case formerly. Those who have seen such cities 
es Rome and Nuremburg will attest that their noble churches 
аге but the best buildings where all are good and of harmonious 
and picturesque character. 

People then a pride in their houses, and some thought 
for ‘those outside; their work was solid and substantial, and 
truly expressed the character and feelings of their builders and 
"Put what dois madori bald P Docs 

ш what does modern building express it expressa 
anything? At any rate it is to be oped i does not Дни шы 
character. For И во, how could we claim truth to bea part of it? 
seeing thnt one material is commonly made to mimic another, 
as cement io imitate stone, and the whole decoration is in 
general one system of sham. 

For this state of things who is to blame; the art producers, or 
the public? As ie generally the case, there are faults on both 
sides, which act and re-act upon each other. Primarily it is the 
fault of the art producers, who have acted the part of unnatural 

ts, by giving stones in answer to the cry of the people for 
read ; that is to say, giving them nothing that could interest and 
please them, but instead, only dry scientific architecture, not 
composed ав our own indigenous Gothio was, of fair arches and 
traceried openings, that everybody could love and understand, 
but the dreary exhumed dry bones of classic architecture, what 
they have been pleased to call Italian, and 'which, however 
scientifico and convenient (though I am prepared to contend it is 
leas so than Gothic), never touches the feelings with the 
slightest pleasure. 

hen architecture, in modern times, has lost the able assistance 
of painting and sculpture, by which in olden days she pierced 
to the hearts of men, our buildings are thus left devoid of colour, 
and their carving is done by men hardly raised above the rank 
of masons, and thus cold and cheerless they have no charms for 
ordinary spectators, since it requires some education of the eye 
and a considerable intellectual effort to appreciate the merits of 
proportion, which is аП that is aimed at. Our painters are 
entirely occupied in the production of easel pictures, for which 
alone they are commissioned, and our sculptors give us little 
but the annual ghastly array of busts in the dungeon of the 

Academy, with an occasional galvanio revival of some long- 
f mythological personage. 
us the public, accustomed to be treated as if it had neither 
pert nor lot in artistic matters, and finding no pleasure in 
arehitecture;and in the other arts only in a dilettanti manner, has 
withdrawn its sympathy from them, and makes no demand for 
& higher description of supply. 
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Must we then despair of better things? Mr. Raskin, the 
eloquent author on these subjects, says Це is weary of writin 
about them, seeing so little result. But I think we may 1 
forward much more hopefully. The progress made by artists of 
late Tous is undoubtedly great, and as the demand increases the 
supply will keep pace. 

All should love architecture and art, and not believe there is 
any difficulty about them; I want all who сап enjoy beautiful 
things in nature to equally well admire them translated into 
the language of art; and they should believe that architecture, 
painting, and sculpture, are each and all necessary to complete 
and render intelligible that language. Separately they are 
imperfect ; their strength consists in their unity, which combines 
the efforts of each, and gives purpose to their power and 
direction to their aim. Thus architecture embodies but Ше 
abstract principles of nature; recreating, by means of her laws 
of construction and geometry, she gains sublimity by size, by 
symmetry, and contrast—beauty, b propornion and Тара 
She builds up the polished stones of the earth into a music of 
visible matter, which yet is, and must remain ever but а 
“ frogen music” as it has been called; out of tune with the 
natural melodies around, which concentrate all kinds of attrac- 
tion, if she avail not herself of the graces of her sister arts. 
Apart from these, her means of expression are very limited, and 
extend not beyond the simplest emotions of the mind, addressing 
but few of the втора Ші of men ; with no more power than 
the Dp of а babe, or the gestures of the dumb. But still, 
that w ich she has tosay is told from one generation to another, 
is told so clearly, that men may not but hear; and while she 
shields within her arms the more fragile works of Painting 
and Sculpture, their voice, whose compass is greater, blenda 
with and becomes one with her own. History lends its 
associations, and the wild legends there are; and when records 
have perished and the voice of tradition is still, во long as one 
stono will stand upon another, time will but add а charm and 
bedeck the mouldering walls with the golden hues of the lichen 
and the muss; till, beautifal, even in death, the last relic is 
ploughed into dust. 


-----т------ 


THE ARCHITECTURAL ASSOCIATION. 


Тин ordinary fortnightly mcoting of this Association was held on the 
16th ultimo, Мг. В. W. Edis, President, inthe chair, Мг. Benjamin 
Lee, Mr. Edward Haselhurst, Mr. Charles Darby, and Mr. Ormond 
Stanley Brown, were elected members of the Association. The President 
reported that he had received a letter from Mr. Phipps, of Bristol, the 
honorary of the Bristol Archaeological Bocicty, bringing before 
the Association the intended demolition of an old house at Bristol named 
Colsboro House. It was proposed and carried that the Association should 
memorialise the Town Council of Bristol, in the hope that they might 
be induced to save this ancient relic, 

Mr. Mathews observed, at one of the earlier mectings of the present 
seasion question had boen raised relative to whether armorial bearings 
uscd in building were liable to pay government duty. Mr. Potter, who 
had communicated with the Government on the subject, had received an 
answer from the Chancellor of the Exchequer stating armorial bearings 
used in buildings were not liable to duty. 

Mr. Tarver called attention to a letter from Mr. Burgess, addressed to 
the “Building News,” having reference to the Figure Drawing Class, 
and explained that the statements relative to poor attendance were too 
true; and thet it was consequently found necessary to raise the subsorip- 
tion somewhat above the seven shillings monthly, which it had been 
hoped would be sufficient to covor the outlay caused by increasing the 
number of weekly meetings from two to three. He had heard that the 
expenso of joining this class, as compared with that of the Government 
schools, had deterred some gentlemen from becoming members; but he 
had learnod from enquiry, that those who drew from the life in tho 
Government schools, were only admitted after a much longor course of 
study than architects have time for, Пе disclaimed tho notion that 
architects should devote to figure drawing so much of their valuable 
time as to make them perfect masters of the art, but hoped that many 
new members, from among the pupils especially, would seize this oppor- 
tunity of acquiring most useful information by attending the class, 


Рворввввв Kenr, F.R.I.B.A., then delivered an address upon 
DOMESTIC ARCHITECTURE. 


Tue Professor stated that his lecture would be upon the 
design for an ordinary country house for a gontleman. The 
plan he proposed to follow in his address was to show practically 
the way in which he had been accustomed to design the plan 
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ofa country house. There might be some gentlemen present 
who knew as nruch as he, but he was aware that there were 
younger men who did not, and it was to the latter that he 
addressed himself. He assumed a house, containing rooms of 
the following dimensions, for the purpose of showing the 
prompe in which it should be planned :—Dining room, 24 feet 

y 18; drawing room, 24 feet by 18; library, 24 feet by 18; 
billiard room, 24 feet by 18 ; gentleman's room, 18 feet by 18; 
morning or breakfast room, 18 feet by 18 ; entrance hall, stair- 
case, cloak room, of each dimensions such as may be convenient ; 
kitchen, 20 feet by 16; scullery, 16 feet by 16; 3 small lardors ; 
servants’ hall, 20 feet by 16; butler’s pantry, 16 feet by 12; 
housekeeper’s room, 16 feet by 16; а store room; side 
entrances ; back entrances, and во on. 

He ventured to distinguish three types of plan, not so much 
theoretically as for practical purposes. These were what he 
would call, lst, the regular type; 2nd, the irregular type; 3rd, 
the quadrangular type. 

The de of these he sub-divided again into the square house, 
the gallery plan and the Cortili plan. 

The second he subdivided into the hall plan, the gallery plan, 
and the Scotch plan. 

The third he would shew in two different manners, the first 
with side offices, and the second with rear offices. 

Professor Kerr then proceeded to draw in crayon a number of 
interesting ground plans, illustrating the various styles of which 
he spoke, pointing out their merits and defecte, and giving a 
number of practical hinta as to placing of doors, flre places, &c , 
which, however, could only be understood by seeing the drawings 
which the Professor exhibited. Having finished his description 
of the various styles of ground plans he proceeded to deal with 
а few questions of interest connected with the subject. Не 
considered it a self-evident proposition that internal convenience 
should be the first consideration in designing a house. He was 
not stating a mere truism, which was to enter in at one ear and 
go out at the other. Whatever reverence an architect may 
have for art, whatever desire to shine, or to produce a grand 
effect, all must be made subsidiary to convenience. Looking 
at the works of nature we find this rule to be universally 
dominant. There is no attempt to make a shew on the outside 
во as to compromise any organie property within. Speaking 
with reverence we saw that nature never sacrificed the interior 
to the exterior. The exterior was ever designed with reference 
to the interior. And in art the same principle ought to be 
adopted, whether Гог a warehouse ог a church. Не could find 
500 men who can design a good outside, but he would not like 
to say how many of them could desigu a good inside. 

He then made some observations on the question of aspect. 
He would remind tbem that the sun shone on the east side of 
a house at six in the morning; on the south side at noon; on 
the west at six in the evening. Also he would remind them 
that winds from the north-west and south-west were boisterous ; 
from the north-east keen; from the south-east mild; and there- 
fore the rooms in which the family mostly resided ought to have 
a south-easterly aspect. 

A window to the west will never do Гог a dining room, because 
tbe sun would shine in at such window at the uaual dinner hour. 
North was therefore the proper aspect for a dining room. 

The drawing room must be towards the south-east ; 16 has the 
benefit of the early morning sun, but the glare is off the windows 
betimes. The south-east was also best for the dining room, if it 
could be managed, and in cases where the dining room was also 
the sitting room, it should have windows to the south-east. 

With regard to the question of architectural effect, he pointed 
out the fact that English gentlemen do not like anything that is 
obtrusive or conspicuous, or which will provoke remark ; they 
want what is ordinary, not extraordinary; the colloquial sense 
of the word elegance expressed that which the better class of 
this and other countries appreciate. 

As regards Archaism, he observed, there were many men in 
the present day who seemed to desire to make their buildings 
ay ugly as possible. He did not want too much ornament, but a 
paucity of decoration or rudeness of execution were not 
desirable. On the point of style he remarked, that architects 
were very much divided between the Gothicand the Classic. He 
would not go into any controversy on the subject, beeause he 
considered the controversy a most healthy stimulant. That 
which is called Italian architecture ought rather to be termed 
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modern European, because 16 belonged to that reorganization of 
intellect which took place in the sixteenth century, and apread 
over Europe, aud which was only called Italian because Italy 
was its cradle. He thought. however, Italian architecture 
was perhaps less suitable for domestic design than the 
Elizabethan style; the latter did no violence to our ideas, it 
reserved a certain picturesqueness which had nothing repulsive 
in it, and also coincided with our habits and historical feelings, 
which made it peculiarly applicable to England. Therefore 
he considered there was something pleasant in the competitive 
rivalry between the Italian and the Elizabethan styles. Neither 
style was likely to throw aside the other. The Elizabethan 
tended to add picturesqueness to the Italian; the Italian was 
fitted to add elegance to the Elizabethan, and the styles offered 
a pleasant alternative. Architects often found a client with a 
peculiar structure of miud, which led him to prefer whatever 
was delicate and classical; while another man, perhaps his 
neighbour or his brother, with different tastes, would have 
leanings in a different but not in a contrary direction, and would 


„prefer something more picturesque, more píquant, more stimu- 


ating. According to the tone of mind which a man possesses, 
во in а great measure would be his preferences. Не (Professor 
Kerr) considered that no architect need have any hesitation in 
offering a gentleman his choice between the two styles. Ап 
architect should feel himself quite at liberty to say to & 
gentleman consulting him, ** You may have either style you 
please, and I will do my best for you." 

Professor Kerr next proceeded to speak of some of the rooms 
which were essential to а gentleman's house, and instanced 
“the service room." Не said it was the small chamber con- 
necting the offices with the dining room, in which dinner was 
placed, and then served through a private entrance, The object 
of having such a room was to prevent the inconvenience of the 
dinner beiug carried through the house. He (Professor Kerr) 
was acquainted with a wealthy gentleman who had not such a 
room in his house, and the dinner had to pass through the 
staircase. The consequence was that the dinner odours 
penetrated through the entire dwelling. This showed the ne- 
cessity of considering the dinner route in planning a house, and 
of planning the kitchen in such a position with respect to the 
dining room that all such unpleasant results might be avoided. 

A cloak room was another apartment which the lecturer 
considered essential to a gentleman’s house, and on the import- 
anoe of which he laid great stress. It was necessary to have a 
room fitted up with lavatory, &c., and it ought to be as near the 
outside door ав possible, 

Strangers visiting often lost their way in a large house, they 
could always, however, find thair way to the entrance door, and 
it was always of great convenience to know there was such a 
room at the entrance. 

The gentleman's room he considered deserved a few words of 
notice ; it was the business room of the master of the house, and 
into which no one was allowed to enter, except of course the 
servants who cleaned it. No one had a right to come in and sit 
down without leave; it was like an architect’s private office, in 
which after visitors had transacted their business they wero 
not at liberty to remain. The gentleman’s room ought to be so 
placed as to be easily accessible from the private entrance, and 
also for the attendants. It ought, however, to be somewhat 
removed from the ordinary traffic of the house, so that the ladies 
should hsve no excuse for opening the door if passing by. 

The Professor then proceeded to deal with the question of 
suites of rooms. He said he did not refer to the system of 
having communication between several rooms by means of 
folding doors, but rather to the method of having two or three 
rooms separated from the other apartments by having au outer 
door, which, when closed, completely excluded the dwellers 
within from all the other people in the house. The suite to 
which he first adverted was the bed room suite. In most 
houses people were accustomed to find bed rooms “ pitchforked”’ 
together any how. Sometimes they were so constructed that 
people could not find room Юга washatand. А bed room ought 
to be designed so as to hold the furniture. The object in 
having rooms in suites was to give guests, and especially 
married guests, а set of rooms as their own. This was a 
particular point in the designs of Mr. Burn, the well-known 
architect, aud gave great satisfaction. There might be a suite 
consisting of bed room and dressing room only for guests, there 
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might also be what was called the family suite. Іп а large 
house in which the master and mistress were quite alone, it is 
very uncomfortable to inhabit the whole house, and even if the 
house were filled with guests there were times when the host 
and hostess desired to retire from the bustle and enjoy a period 
of quiet. The family suite would consist of a bed room, 
dressing room and sitting room. The lady’a boudoir should be 
adjoining the dressing room. There were various erroneous 
ideas extant regarding the lady’s boudoir. It was not a fanciful 
apartment, it was the lady’s business room. 

Another suite which was to be recommended was the nursery 
suite, to which a bath room, scullery, and other conveniences 
ought to be attached. 

е lecturer then proceeded to make some observations 
relative to the distinction between the Classical and the 
Mediæval hall. The classical was distinguished by great lofti- 
ness. The medieval was more homely in character. In 
olden times it was the room in which everybody ate and 
drank and slept. The hall should be the first apartment after 
parsing through the porch. It was more domestic than the 
nobler and more refined Classical hall. 

Оп the kitchen group of a gentleman’s house, he observed, 
that in simple form they consisted simply of kitchen, scullery, 
and larders, They ought to be as far аз possible from the 
house, so that the dinner smells might not be perceptible in 
the rooms, 

The lecturer recommended that in planning a house, the 
architect should place the furniture on m plan, it might be a 
ЗиЩе extra trouble. but it would savo much inconyenience 
afterwards, 

The gentleman's desk was a piece of furniture which was most 
particular in Ив requirements. It must have light from the left 
side ; it mast be near the fire, and the door must be at the right 
hand, and the bookcase must be conveniently placed. 

The lecturer concluded by saying he would impress one 
further remark upon the younger members of the profession, 
namely, the necessity of considering the function of an architect 
in its purely practical light. Great allowances were to be made 
for the enthusiasm of youth, but still, in the present day, he 
believed there was a necessity to impress on the younger 
members of the profession to devote more attention to the 
practical matters. 


^ — 


Mr. Tarver observed that Professor Kerr’s condemnation of 
“ gothic” domestic architecture nt the present day was, to a great extent, 
deserved, Не considered that one secret of this failure was to be found 
in the neglect of the details, and especially the joinery, which ought to 
he made the object of individual study ; and he also pointed out that in 
many cases architects applied “church gothic " to domestic purposes, 
for which of course it was unsuited. 

Mr. Webber expressed his approbation of many of the remarks 
made in the course of the paper, and supported the vote of thanks. The 
President said, that though. rofessor Kerr and he might differ on somo 
points, it was with very great pleasure he had listened to the lecturer, 
as no man was more able to deal with the subject. Although 
Professor Kerr might not likeMediæval houses or Mediæval architecture, 
yet he (the President) believed in its practical applicability with modi- 
fications to existing circumstances. It was for the architects of the 
present day not to copy in a servile manner the architecture of the past, 
but to аук езе of all the appliances of modern science, and во to 
modify the antique as to suit it to existing demands; he agreed with 
all tbat Professor Kerr had said on the subject of planning, and felt that 
the suggestions contained in the lecture were of great value. 

The vote was carried. 
—— 


The International Exh‘bition of the products, arts, and manu- 
factures of New South Wales, Queensland, South Australia, 
Western Australia, Tasmania, New Zealand, and Victoria, to be 
held duriog the present year in Melbourne, promises to assume 
proportions somewhat beyond the calculations of its authors. It 
ts eatimated that from the growth of manufactures and the 

ral progress of the colonists since 1861, the space required 

у Victorian exhibitors alone would need an edifice at least 

double the size of the present exhibition building, so that if 

the six adjoining colonies only contribute in moderation, the 

te collection of objects will be very large indeed, and 

will necessarily involve the erection of a new and very capacious 
building. 
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THE MAINTENANCE AND RENEWAL ОҒ 
PERMANENT WAY. 


Ву В. Perce WirLiaws, М. Inst. С.Е, 


The Author thought it must be confessed, that the condition 
of the permanent way, so far ав regarded its durability, had in 
no way kept pace with the demands upon it. and that in this 
respect it compared unfavourably with other branches of 
railway engineering. Thus, for instance, whilst the weight and 
power of locomotive engines had been more than quadrupled in 
thirty years, the increased efficiency resulting from more 
perfect workmanship and a better description of material was 
such, that, on the Grent Northern Railway, the per centage on 
the gross traflic receipts for locomotive expenses had even 
slightly decreased during the last fourteen years, whereas, оп 
the other hand, that of maintenance of way had increased more 
than 200 per cent. in a similar period. 

With a view of showing that the durability of the permanent 
way, and more especially what was termed the “life of a rail,” 
had been considerably over-estimated, and further with the 
object of supplying more reliable means for comparing the cost 
of maintenance and renewals on different railways, the Author 
had been engaged for somo years in preparing from reliable 
sources, tables and diagrams relating to the following lines of 
railway, arranged according to their mileage :—1. London and 
North Western; 2. North Eastern; 3. Midland; 4. London 
and South Western; 5. Great Northern; 6. Lancashire and 
Yorkshire; 7. South Eastern; 8. London, Brighton, and South 
Coast ; and 9. Manchester, Sheffield, and Lincolnshire. These 
tables and diagrams showed, for a period of nincteen years. Ist, 
the detailed charges of a, maintenance of way; b, staff and 
other charges ; с, works of line; d, stations and station works ; 
and e, renewals of way, all of which were usually comprehended 
under the head of maintenance and renewal of permanent way 
and works; 2nd, the namber of miles maintained ; 3rd, the train 
mileage; 4th, the gross tonnage, together with other information 
bearing upou the subject. 

The diagram relating to the London and North Western 
Railway was then explained in detail, and it was remarked, that 
the cost of maintenance of way had reached £270 per mile per 
annum, that of staff and other charges had been regular and 
uniform throughout down tothe present time, that the item 
works of line showed considerable variation, due probably to the 
heavy expenditure at times in replacing timber viaducts and 
repairing slips, and that stations and station works also exhib- 
ited the same variable character. 1% was, however, in the last 
item, renewals of way, that the principal disturbance of ontline 
was noticeable. This was alluded to in periods inthe Paper 
and the gross result arrived at was, that in the nineteen years 
£1,906,858 had been expended on renewals of way alone, 
representing something like 1,362 miles of single line, or almost 
one-half of the whole mileage maintained in the year 1565. 
This gave an annua] average, since 1847, of £103,000, which 
was equivalent to nearly 73 miles of single way of the main 
line broken up and entirely replaced annually during the period 
referred to; chiefly in situations where the traffic жаз heaviest, 
and where consequently, owing to the short intervals between 
the trains, the facilities for doing the work were tbe least and 
the danger of accident the greatest. 

The average cost of renewals per mile per annum during a 
period of years, onthe nine railways to which tho statistics 
related was shown in the following table :— 

Average Cost per mile 


No, Name of Railway. of years. per Annum, 
1. London and North Western E .. 18} ... £145 
2. North Eastern... 2% st we l4 `.. 88 
3. Midland js wh ы» ед w ИЕ... 84 
4, London and South Western ve sc dl o SL 079 
5. Great Northern... sas UN . 98} .. 110 
6. Lancashire and Yorkshire ae ... 16} 156 
7. South Eastern T" ae us 154 102 
8. London, Brighton and South Coast ... 12 ... 94 
9. Manchester, Sheffield and Lincolnshire... 9  ... 49 


As the Diagrams and Tables already described were too 
general in their character to enable a reliable estimate to Бо 
formed of the “ life of a rail,” the Author, with the assistance 
of Mr. R. Johnson (M. Inst. C.E.), had supplemented those 
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relating to the Great Northern railway, by longitudinal sections 
of the two principal divisions of the main line, from King's 
Cross to Peterborough (75} miles), and from Peterborough to 
Askerne junction (844 miles), showing the places where the 
renewals had occurred, the periods of renewal, and the nature 
of the different geological formations. Here it was that the 
destructive effects upon the permanent way of a large and 
concentrated traffic, more eapecially of а heavy and rapid coal 
traffic, were most қты лыны evident. Various modifications 
had been rendered necessary in the way as originally laid, and 
the rails and chairs now used in renewing the road were of a 
heavier character, and the sleepers were of a larger scantling 
and were placed closer together. The cost of renewing a single 
mile of this road, exclusive of ballast. credit being allowed for 
old materials, was now estimatod at £1372. It appeared that 
during the lust twelve years 315 miles had been entirely renewed 
on the main line between King's Cross and Askerne junction, at 
an expenditure of £423,820, being at the rate of £35.273 per 
annum, which was equivalent to upwards of 1 per cent on the 
ordinary etock of the Company. In other words, the renewals 
on the 160} miles during the period mentioned had amounted to 
an average cost of £200 per mile per annum. It was explained 
that the up traffic, including as it did all the heavy coal trains, 
exceeded that on the down line nearly in the ratio of 2 to 1; 
and, as might naturally be expected, the cost of maintenance 
and renewals was found to be much in the same relative 
proporti:na, 203 miles on the up line having been re-laid, and 
112 miles on the down line. Where the different streams of 
traffic converged, as, for instance at Hitchen and Hatfield, the 
frequency of the periods at which renewals had occurred became 
very apparent; for the greater part of the up line, on the 
descending gradients between Potter's Bar and Hornsey, had 
already undergone a third renewal during the short pcriod of 
‘thirteen years, giving an average of only three and a-half vears 
as Ше life of a rail under these exceptional circumstances. From 
a return, furnished by Mr. Grinling, it appeared that, on the 
up line near Barnet, 57,536 trains and 11,760,926 tons had 
sufficed to destroy iu three years the rail: laid in 1857, and that 
65,529 trains and 13,484,661 tons those laid іп 1860 and taken 
up in 1563. 

The results of an investigation made by Mr. Meck, extending 
over а period of seven and а quarter vears, showed that on the 
Lancashire and Yorkshire, where the traffic was of a heavy 
character, but conveved at a slow speed as compared with the 
Great Northern, on the falling gradient of 1 in 130 at Rams- 
bottom Viaduct, between Bury and Accrington, 62,399 trains 
and 12,451,784 tons wore ont the best sample of rails in scven 
and a quarter years. At Bolton, on the level, where all trains 
drew up, the same description of rails had required 213,122 
trains and 38.803,128 tons to wear them out in a similar period. 

The Author considered these facts clearly proved. that the 
rapid deterioration of the permauent way was in a great measure 
attributable to the increased weight and speed of the traffic; 
and that the concurrence of the tonnage outlines with the cost 
of renewals was collateral evidence of the truth of these 
deductions. It was contended that the chief material, the rails, 
was wanting in the essential element of durability, and that the 
experiments on the Lancashire and Yorkshire showed that both 
the best Yorkshire iron aud the coarser and harder descriptions 
of Welsh manafacture, were alike incapable of withstanding for 
any length of time the cxcessive wear and tear to which they 
were exposed. The mode of manufacturing iron rails, and the 
vurivus methods of forming the pile adopted at the principal 
iron works in South Wales, were, then described. It was 
stated that very few makers were now disposed to give even a 
seven years’ guarantec for iron rails, which was tantamount to 
an admission, that when exposed to the excessive wear and tear 


of main line traffic, their employment must no longer Ъе` 


looked for. 
The introduction of steel rails, manufactured chiefly by what 
was known as the Bessemer process, and the satisfactory nature 
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raila, were taken up in August last, and tho one face only which 
had been exposed, during more than three years, to the traffic of 
9,550,000 engines, trucks, &c., and 95,577,240 tons, although 
evenly worn to the extent of a little more than a quarter of an 
inoh, still appeared to be capable of enduring much more work. 
A viece of one of these rails was exhibited, and another piece 
"i been tested by Mr. Kirkaldy's machine, the resulta being 
recorded in tables and diagrams, showing the comparative 
strength of steel, stecl-topped, and iron rails of different 
sections. x 

‘The general adoption of steel rails on main lines, where the 
traffic was of the heavy description referred to, would, in the 
opinion of the Author, not only prove chenper in the end, but, 
what was of infinitely greater importance, would through the 
less frequent breaking up of the road, materially, add to the 
safety of the travelling publie. А tabular statement, which had 
been prepared by Mr. H. Johnson (M. Inst. C.E.), of the cost 
of using guaranteed iron rails at £7 188. per tont and estimated 
to last three years, and of steel rails at £15 per ton, supposed to 
last twenty years, showed a balance of fifty per cent. in favouc 
of steel rails. 


————9——— 


CHRIST'S COLLEGE, BRECKNOCK. 
( With an Engraving. ) 


Tue group of buildings of which we give a view and plan in 
the accompanying illustration have lately been completed, and 
аге now opened ав а public grammar scho«l, of which the Rev. 
John D. Williams, М.А., is the head master. It comprises 
accommodation for furty borders, with masters’ residence, and 
school aud class rooms on a scale sufficient to receive a considera- 
ble number of scholars resident in the town of Brecon and its 
neighbourhood, besides those who are boarders in the eatablish- 
ment. The site of the buildings is just outside the town, on tlie 
Merthyr-road, among the fertile meadows on the banks of the 
Usk, and beneath the majestic and музи: range of the Brecon 
Beacons. This position was fixed by the ancient buildings 
belonging to the College, which have been restored, utilised, aud 
added to, to render them fit for their present purpose. These 
old buildings were the remains of a monastery suppressed in the 
reign of Henry the VIIth, and consisted of the chapel seen in 
the foreground of our illustration, aud parts of an old Decanal 
house, now converted into the schoolroom and library. The 
chapel was originally the chancel of the monastic church, the 
extent of which may be seen on the plan by the enclosure walls 
of the yard to the west of the chapel, and which are, in fact, por- 
tious of the very walls of the old church itself. The nave aud 
chaucel seem to have been one parallelogram, without structural 
division, or even chaucel arch, as 18 not unfrequent iu tlie locality, 
and there was а north aisle extending only as far as the nave, 
the treatment of which was very unique, as there are unmistake- 
able proofs that it was lighted by а series of five large dormer 
gables, of which oue gable (seen in the view) exists nearly in its 
original condition, Between the gables the aisle wall received 
the lean-to roof continuous with that of the nave. 

The walls which now form the western wall of the chancel, 
and enclose westwards the eastern portiou of the aisle, as шау be 
secn by the plan, date less than a century back, aud the bell- 
turret upon the west wall of the chancel, the copings aud cross 
of the eastern gable, aud the side eavescourses aud corbels, amd 
the roof, are part of the recent works, all traces of original wo rk 
having been previously destroyed. The interior of the chap4 
contains a founder’s monument, a beautiful range of sedilia anc 
piscine, aud rich arcades to the side windows, all of the fines 
thirteeuth century work, executed in hard grey sandstone 
Тһе school room апа library, which formed the priucipa 
apartments of the old Decanal house, still retain their noble oal. 
roofs and stone chimney-pieces of fourteenth century work, and: 
a few other old details. 


l 

Tho building in the centre of the group contains the boys’ dor- 1 
mitories, with a proposed tower over the geueral staircase. This P 
tower has been omitted for the present, from the insufficiency of 4 
the funds, Au octagonal kitchen projects from this building, and + 
forms а prominent feature, as may be seen by the view. The 
masters’ house is the furthest portion of the group. 

The expenditure up to the present time has been abou 


of the results obtained, encouraged the belief that in this 
material had at length been obtained, what was alone wanting 
to give something like real pormanency to that which in name 
alone had hitherto deserved the title of permanent way. Two 
steel raila laid in May, 1862, at tho Chalk Farm Bridge on the 
London and North Western Railway, side by side with two 
ordinary iron rails, after outlasting віхіесп faces of the iron 
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£10,000. Тһе buildings were erected from the design of Mr. 
John Prichard, then of the firm of Prichard and Seddon of 
Liandaff. The chapel contains some striking stained glass by 
Messrs, Clayton and Bell, and rich tile decoration by Mr. 
Godwin of Lugwardine, from desigus by Mr. Seddon. 


References to Plan. 


«. School room. г. Boots. 

$. Library. г. Hall pantry. 

c. Class room. t. Matron's store. 

d. Dining room. * Beer cellar. 

e. Drawing room. v. Root house. 

J. Study. ww. Wood and coal. 

a. Kitchen. ж. Yard. 

А. Matron's room. z!, Back yard. 

3. Servants’ hall. ғ. Lavatory. 

k. Corridor. z. Hats and cloaks. 

1. Staircase hall. 2!. Ash pit. 

т. House pantry. A. Site of nave and aisle of the 
n. Scullery. old church. 

o. Larder. В. One bay of aisle now enclosed. 
p. Cleaning room. C. Chapel, originally chancel, of 
4. Cook's pantry. the old church. 
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THE CATHEDRAL OF ST. CANICE, AND OTHER 
ARCHITECTURAL ANTIQUITIES, KILKENNY, 
IRELAND.* 


Ву T. МеменнАМ Darang, F.R.I.B.A. 


Tux Cathedral of Kilkenny being now in process of restoration 
many things have been brought to light connected with its 
original design, which may make a shcrt paper on the subject 
interesting to the Institute. Іп connexion with Ше description 
of the Cathedral, I purpose touching briefly on the other build- 
ings of interest which still exist іп Kilkenny—ecclesiastical, 
military and secular. 

Under the first of these heads I would enumerate the 
Cathedral; the Augustinian Abbey of St. John the Evangelist, 
whose charter, in the “ Monasticon,” is dated 1220, founded by 
William Marshall, the elder, Earl of Pembroke ; The Dominican 
Abbey, founded by William Marshall, the younger, 1225, dedi- 
cated to the blessed Trinity, commonly called the Black Abbey; 
the Franciscan Abbey, founded 1230; St. Mary's Church, 
probably finished 1328; the Vicar’s Hall, near the Cathedral, 
and other buildings forming part of the Cathedral establishment. 
Under the second head, the Castle forms ihe most interesting 
object of attention. Under the third head. I would mention the 
Hospital founded by Sir Richard Shee, 1581, and several houses 
dating from the Sixteenth Century and onwards. 

Tus CaTHEDBAL.—AÀ full description of this beautiful and 
interesting structure has been given by the Rev. James Graves, 
in his book on the “ History and Antiquities of Kilkenny,” from 
which, and other authorities, I have made a few notes. St. 
Canice. to whom this church was dedicated, was a man of 
distinguished piety, the intimate friend of St. Columbkill, on the 
model of whose foundation at Iona he founded а monastery at 
Aghaboe, in Upper Ossory, which existed in 577. The carliest 
allusion to Kilkenny, in “Тһе Four Masters," д.р. 1085, men- 
tions that Cael Cainnagh, or the Church of Canice, was partly 
burnt—probably a wooden structure, which was shortly after 
rebuilt, and destroyed by fire 1114. After this second destruc- 
tion, it appears to have been raised again, of more costly 
materials. Numerous carved stones, of twelfth-century work, 
have been found built into the walls, and under the paving of 
the present church; and extensive foundations at the eastern 
end of the Cathedral indicate that a church of that period existed. 
In 1189, William, Ear] Marshall the elder, through a marriage 
with Isabella, only child of Richard FitzGilbert, Lord of Озвогу, 
became Earl of Pembroke and Lord of Leinster. With this 
nobleman commences the authentic history of Kilkenny. He 
was appointed Governor of the Kingdom of Ossory, by Prince 
John, 1191—Richard I. being then in exile. He erected the 
castle 1192, returned to England 1194, came back to Ireland 
1207, rebuilt the Castle of Kilkenny, and gave a charter to the 
town, under which it still enjoys certain privileges. In 1202, 
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we find the see of Ossory at Aghaboe, St. Canice’s original 
foundation, under the prelacy of Felix O. Dullany, who was 
succeeded by Hugh Ешім ог De Rous, an English Augustinian 
canon, and the first English Bishop of Ossory. This prelate 
exchanged Ше see lands of Aghaboe for others at Kilkenny, 
belonging to the Lord of Leinster, and probably used the 
church which he found on the site of the present cathedral, 
as it is stated “Бо did nothing further for his episcopal 
see." From manuscripts in the Ormonde Collection, we find 
that ц cathedral existed іп 1229. This may have been the 
ancient church of Dullany’s time, or the choir of the present 
church, used as а cathedra] prior to the completion of the 
structure. Bishop Hugh de Mapleton carried on the work with 
great vigour from 1251 to 1256, and nearly brought it to a fiuish. 
Geoffry St. Leger, 1260, completed the cathedral, at great 
cost. From the foregoing remarks, it will be seen that the 
present structure in its main features, was built between Ше 
years 1251 and 1260, and possibly may have been eommenced 
before 1229. Та 1332, we find that the belfrey fell, breaking 
the side chapels. For twenty years the cathedral remaiued in a 
rainous condition, when, in 1354, the tower was restored, tho 
vaulting of which was put in by Bishop Hackett, 1460 (this 

relate was architect of the Convent of Bathalla in Portugal). 
n 1338, Bishop Ledred filled the windows with beautiful stained 
glass, particularly the eastern ones, which represented the whole 
life of Our Lord. So beautiful were they that Rennuccini, the 
Pope's Nuncio, who saw them іп 1645, offered £700 for the 
stained glass, which was declined by the then prelate David 
Roth. In 1650, those windows were demolished by Cromwell, 
who broke the monuments and “ took away the great and goodly 
bells, and threw down the roof thereof.” Оп Ше 12th of August, 
1658, the Commonwealth passed “ Ап Act for the Reparation of 
Churches,” which does not appear to have taken effect on the 
Cathedral. In 1660, Bishop Williams, finding the ehurch in this 
ruinous condition, commenced to repair it, expending on the 
choir alone £400. From this date until 1675, the Cathedral 
underwent sundry repairs, and was supplied with a ring of four 
bells at acost of £246 13в. 104. In 1677, Bishop Parry supplied 
plate, value £100; and, 1756, Bishop Pocock, finding his cathe- 
Чга] almost totally neglected, its roof tumbling down, and its 
monuments broken, commenced the work of renovation, and with 
the assistanco of his chapter placed the Cathedral in the 
condition in which it has been handed down to us when the 
present restoration was commenced. The fittings of the choir 
put up by Bishop Pocock, being of a Grecian character, were quite 
at variance with the architecture of the cathedral, as were also 
the stucco ornaments which covered the ceiling. In 1863, the 
roofs were found to be much decayed, and it was then deter- 
mined to restore the church, as far as possible, to its original 
condition. 

The accompanying plan gives the general arrangement and 
principal dimensions of the Cathedral, which is the second in 

int of magnitude in Ireland. The total length is 226 feet, 

readth at trensept 128 feet. The chapels on either side of the 
choir, marked upon Ше plan н and к, have given rise to 
various discussions as to their uses until the present alterations 
were commenced, the only access to these was through small 
doors, one opening from the north transept, the other from the 
Lady chapel. The removal of the old plaster on walls, disclosed 
the fact that these chapels were divided from the choir by 
large arches, with beautiful mouldings and corbcels. Similar 
arches opened into the transepts. The fall of the tower, in 
1360, carried in its ruin part of the adjoining arches and walls 
of choir and transepts: when the tower was rebuilt, the injured 
walls were carried up in solid masonry, and thus the arches 
alluded to were blocked up. One of the principal features in 
the present restoration is the rebuilding of these arches, com- 
pleting their mouldings and corbels. Tho clerestory windows of 
choir, five at either side, which were also built up, are likewise 
being restored. р 

The church appears to have undergone several changes, 
shortly after its erection in the thirteenth century: for instance, 
the Lady chapel, although a beautiful specimen of carly English 
work, has clearly becn an addition, as tho wall of side chapel, 
shows indications ofa continuous arcade of arches, proving it to 
have been an outer wall. Almost all the windows in the 
Cathedral have detached and filleted shafts. The east end of 
choir is very beautiful, having nine lights, with detached and 
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filleted shafts, heads cusped оп interior, and semicircular оп 
exterior. The windows (were originally filled with the stained 
glass, во much admired by the Papal Nuncio, and for which he 
offered so large a snm in 1660. Funds for the restoration are 
too limited to allow of those large windows being restored. It 
is, however, hoped that persons intereated in the work may be 
induced to lend their aid to the accomplishment of this part of 
the restoration. 

The Lady Chapel, owing to defective foundations, has had 
to be rebuilt, the stones being numbered and used in the 
work. А complete arcade of arches rans round the two external 
walls, south and east. On the former there are nine lights, in 
groups of three, with three drop arches to tho interior, with 
marble filleted pillars and carved capitals. To the east, six 
lights, grouped in pairs, with drop arches and pillars. This por- 
tion of the building will be used as chapter-house. Е 

A smal! chapel used as the parish church and the two side 
chapels have each their aumbry and piscinn. On the south 
side of choir has been discovered the site of the sedilia ; 
sufficient indications of the designs remain to enable it to be 
correctly restored. Higher up, beneath the side windows, are 
two recesses—the one an aumbry, the other a piscina. 

The carved capitals to windows of the side chapels are 
interesting, as giving a certain weight to the theory put forward 
by Mr. Skidmore, that early English foliage takes its type from 
metal work. Each capital has its foliage bound round, as it 
were, with a hoop. These windows are being carefully restored, 
no stone being cast aside which can possibly be re-used in the work. 
On the walls of side chapels the original decoration has been 
discovered— scrollwork of excellent design in black, orange, and 
green, running under the wall-plate, the walls covered with what 
may be called an ashlar pattern. It is proposed to carry out 
the same mode of decoration in the new work. The roofs of the 
side chapels owe their design to the only remains of an early 
English roof I have seen in Ireland, that of Callan Church, 
removed some years ago. . 

The roofs of the whole church are new, stone gutters havin 
been used throughout, behind the parapets, which are embattle 
—the most usual finish for ecclesiastical buildings in Ireland ; 
still, I am of opinion that such was not the original design, but 
probably dates from the fourteenth or fifteenth century, portions 
of tombstones of an early date forming part of their structure. 
Still, they are of sufficient antiquity, and nationality in their 
character, to make it desirable to maintain them. 

The porch is interesting as having been, in 1478, the всепс of 
the murder of Richard, the son of Edmond Mac Richard 
Butler, in revenge for a similar outrage enacted thirty-five years 
before under his direction. The mouldings of the eutrance 
archway are very beautiful, and busts, which are introduced in 
the carving, exhibit as a fastening tothe cloak what is now 
known in Ireland as the Tara Brooch. р 

On removing the pavement, several patterns of ancient tiles 
have been discovered, some of which have been forwarded to 
Messrs. Minton, with a view to their reproduetion. The device 
is geom incised, four tiles forming the complete pattern, two 
glazed with a black glaze and two with red. A scale pattern 
has also been discovered, all red. Several stone coffins have 
been brought to light; and ап effigy, face downwards, forming 
part of the modern paving, has been revealed. On opening an 
ancient vault, which 18 sapposed to have belonged to the Ormonde 
family, a leaden coffin was discovered. The profile of the body, 
having been copied in lead, formed the upper portion of the 
coffin; the under portion is shaped in such a manner as would 
have fitted into the hollow of one of the stone coffins which have 
been dug up. In this same vault a leaden urn, supposed to 
contain the bout of Viseount Mountgarret, was discovered. 

In examining the ruins of Ireland, it is interesting to trace 
the influence оҒа particular architect, or band of workmen, іп 
various districts. In Kilkenny I trace the workmen who were 
employed at Christ Church, Dublin, and probably at Boyle 
Abbey =the filleted shaft and writhed angle shaft, as in north 
transept doorway, are to be found in all three. In Co. Galway, 
the tracery of altar tombs and windows evinces that the вате 
mind was there at work, if it was not executed by the same 
workmen. In Waterford, again, I see the handiwork of the 
Kilkenny crafismen. In mentioning this, I do not wish to 
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infer that one thing is a servile copy of another, but that thero 
is sufficient to lead the enquirer to the conclusion that certain 
men carried their art from place to place, and were esteemed for 
their talent in architectural construction. 

The general details of Kilkenny Cathedral ar» much simpler 
than is usual in English churches, owing to the hardness of the 
materials employed. and limited meaus; but the proportions, аз 
in most Irish churches, are very good, and th» simplicity and 
massiveness of tho work give an idea of sizo which elaborate 
tracery and multiplicity of mouldings, would not have produced. 

The work of restoration has been pressed on with vigour. 
The roofs are finished, the arches between the choir and side 
chapels opened, the prebend's stalla in hand ; still, much remains 
to be done. The tower must rest in its present unfin'shed state 
until funds are collected for its completion. Considerable 
portions of the common hall still exist, particularly tho gable 
end, which has a very interesting window. 

At the north-west augle of the Cathedral Close is the library. 
founded by Bishop Otway, 1676. In mentioning the mode in 
which hia а was to be expended, he enumerates ‘ claims 
for every particular book.” At the eastern corner of the south 
transept stands one of the round towers almost peculiar to 
Ireland, and so ably written on by the celebrated antiquarian. 
Dr. Petrie, whose theory that they are of a Christian origin is, in 
my opinion, thoroughly borne ont by the following facts. The 
tower, which is one hundred feet in height, was filled to a con- 
siderable depth with accumulated rubbish, principally the 
deposit of birds. This was removed, and on digging two feet 
below the outside level, human remains were discovered,’ con- 
tained in wooden coffins, placed partly under the foundations. 
The tower must have been erccted on, or nearly on, the aurface 
of the ground, which ground must have been a place of burial 
previous to its erection; and the position of the remains, with 
reference to the points of the eompass, indicates that they were 
those of Christians. It is curious that a structure of such height 
and small base, should have stood so well, resting on өшер а 
foundation. 

Priory or Sr. Тонх--Тіһе oldest monastic foundation in 
Kilkenny із the Priory of St. John, founded by William 
Marshall, the elder, earl of Pembroke. In 1645, when the 
abbeys of Ireland were everywhere being restored, the Augus- 
tinians claimed their abbey ; but the Jesuits, being the more 
powerful body, opposed the claim, and were confirmed in their 
occupation by Hinnuccini, the Pope's Nuncio. Пт. Ledwick 
states that а portion of the abbey was pulled down to make room 
for ап infantry barrack. Sufficient however, remains to show 
much of its original extent and beauty. Fifty-four feet of south 
side of choir is a continuous arcade of lancet windows, the 
largest pier being only nine inches wide. It is to be regretted 
that, in converting this ruin into a modern church, the windows 
have been cut down, especially the eastern one, and every 
second light stopped up. These rains contain several monu- 
ments iid effigies of great interest. The design of the chapter 
house at the Cathedri 
St. John's. 

іне Franciscan ABBEY, situated among orchards near the 
river, exhibits some interesting details. The east end is lighted 
by five lancets. The choir and tower of this abbey alone 
remain. 

Тнв Dominican or Black Abbey, founded by William 
Marshall, the younger, 1225, has lately been restored by J. J. 
MacCarthy, Esq., Architect, to whom I am indebted for the 
plan which accompanies this paper. It is interesting as showing 
how the simple form of the Dominican or Franciscan churches 
were added to, the most usual shape being two parallelograms, 
nave, and choir, sometimes with a narrow tower between. 
Frequently this tower is an addition. In the present instanec 
the usual ‘addition of the two chantries has been extended tu 
aisled transept and nave. The top of the tower is а particularly 
good specimen of crenellated battlement and truncated roof. 

St. Mazy’s has little of its original architecture worth 
describing; the church has been ре modernized. 
Surrounding the charch are several tombs of great interest, 
principally of the fifteenth and sixteeth century, belonging te 
the families of Archer and Shee. 


was taken, evidently, {rom the choir of 


(To be continued.) 


April 1, 1868) 


CELESTIAL PHOTOGRAPHY. 
By A. Вкотнкав, F.R.A.S. 


The credit of having produced the first photograph of а 
celestial object is generally given to the late Mr. Bond, of Cam- 
bridge, U.S.; bnt it appears from a paper by Professor Н. 
Draper, of New York, published in April, 1864, that in the year 
1840 his father, Dr. J. W. Draper, was the first who succeeded 
in photographing the moon. Dr. Draper states that at the time 
named (1940) it was generally supposed the moon’s light con- 
tained no actinic rays, and was entirely without effect on the 
sensitive silver compounds used in daguerreotyping. With a 
teleacope of 5-inch aperture Dr. Draper obtained pictures on 
silver platea, and presented them to the Lyceum of Natural 
History of New York. Daguerre is stated to have made an un- 
successful attempt to photograph the moon, but I have been 
unable to ascertain when thisexperitnent was made. Мг. Bond’s 
photographs of the moon were made in 1850. The telescope 
need by him was the Cambridge (U.S.) refractor of 15 inches 
aperture, which gave an image of the moon at the focus of the 
object glass 2 inches in diameter. Daguerreotypes and pictures 
on glasa mounted for the stereoscope were thus obtained, and 
some of them were shown at the Great Exhibition of 1851, in 
London. Mr. Bond also proved the advantage to be derived 
from photographs of double atars, and found that their distances 
could be measured on the plate with resulte agreeing well with 
those obtained by direct measurement with the micrometer 
Between the years 1850 and 1857 we find the names of Father 
Secchi in Rome, and MM. Berch aud Arnauld in France ; and in 
Барац Professor Phillips, Мг. Hartnup, Mr. Crookes, Mr. De 
la Rae, Mr. Fry, and Mr. Huggins. To these may be added the 
name of Mr. Dancer, of Manchester, who, in February 1852, 
made some negatives of the moon with a 4}-inch object glass. 
They were small, but of such excellence that they would bear 
examination under the шісговсоре with a 3-inch objective, and 
they are believed to be the first ever taken in this country. Mr. 
Baxendell and Mr. Williamson, also of Manchester, were en- 
gaged about the same time in producing photographs of the 
Toon. 

The first detailed account of experiments in celestial photo- 
grapby which I have met with is by Professor Phillips, who 
read a paper on the subject at the meeting of the British As- 
sociation at Hull, in 1853. Professor Phillips does not enter 
very minutely into the photographic part of the subjeet, but he 
gives some very usefal details of calculations as to what may be 
expected to be «een in photographs taken with such a splendid 
instrament as that of Lord It is assumed that an ішаде 
of the moon may be obtained direct of 12 inches diameter, and 
this when again magnified sufficiently would show black bands 
12 yards across. What шау be Попе remains to be seen, but up 
to the present time the Professor's anticipations have not been 
realized. We have next, from the pen of Mr. Crookes, a paper 
communicated to the Royal Society of London, in December 
1856. Mr. Crookes appears to have obtained results as 
raed as 1855, and, assisted by a grant from the Donation Fund 

f the boyal Society, he was enabled to give attention to the 
subject during the greater part of the year following. The 
details of the process employed are given in the paper with 
much minuteness. The telescope used was the equatorial re- 
fractor at the Liverpool Observatory, of 8inches aperture and 19% 
feet focal length, producing an image of the moon 1:35 inch in 
diameter. The body of а small camera was fixed in the place of 
the eyepiece, so that the image of the moon was received in the 
usual way on the ground glass. Тһе chemical focus of the object 
glass was found to be 8-lOths of an inch beyond the optical 
ocus, being over corrected for the actinic rays, Although a good 
clock movement driven by water power is applied to the telescope, 
it was found necessary to follow the moon’s motions by means of 
the slow motion handles attached to the right ascension and de- 
clination circles, and this was effected by using an eyepiece, with 
a power of 200 on the finder, keeping the cross wires steadily on 
one spot. With this instrument Mr. Hartnup had taken a large 
number of negatives, but owing to the long exposure required 
he was not successful; but with more suitable collodion and 
chemical solations, and although the temperature of the obser- 
vatory was below the freezing point, Mr. Crookes obtained dense 
negatives in about four seconds. Mr. Crookes afterwards en- 
larged his negatives twenty diameters, and he expresses his 
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opinion that the magnifying should be conducted simultaneously 
with the photography, by having a proper arrangement of 
lenses, so as throw an enlarged image of the moon at once on 
the collodion plate; and he states that the want of light could 
be no objection, as an exposure of from two to ten minutes 
would not be too severe a tax upon a steady and skilful hand 
and eye. 

Mr. Grubb read a paper on this subject before the (Dublin 
Photographic Society on May 6th, 1857. After referring to the 
fact that he found the actinic focus of his object glass to be longer 
than the visual (thus agreeing with Mr. Crookes) he states it to be 
generally understood that, in a compound object glass made as 
nearly achromatic as possible, the actinic focus is shorter than the 
visual. The moet valuable portion of Mr. Grubb's paper is the 
suggestion for a piece of apparatus to be attached to the part con- 
nected with the telescope for holding the dark frame, which he 
pro may be so arranged as to follow the moon's motion in 
declination; and he gives the following description of a contri- 
vance used by Lord Rosse, und which is suitable for telescopes 
not equatorially mounted :—“On a flat surface attached to the 
telescope, and parallel to the plane of the image, is attached a 
sliding plate, the slide being capable of adjustment to the 
direction of the moon’s path at the time of operating. The slide 
is actuated by a screw moved by clockwork, and having a 
governor or regulator of peculiar construction, which acts equally 
well in all positions. The clockwork being once adjusted re- 
quires no change; but the inclination of the slide must be 
effected by trial for the moon’s path at the time of takiug the 

hotograph." This idea originated with Mr. De la Rue, Lord 
Roase’s share in it arose from hls having applied a clock motion 
to the apparatus. “Тһе telescope used by Mr. Grubb is 191; 
inches aperture and 20 feet focus, giving an image 2}, inches 
diameter in from ten to forty seconds. itr. Fry, in 1857, com- 
menced his experiments on the moon with an equatorial telescope, 
the property of Mr. Howell, of Brighton. The object glass of 
this instrument is 8% inches diameter and 11 feet focus, and gave 
an image of the full moon in about three seconds; but under 
very favourable circumstances а negative was made in a single 
second. Mr. Fry appears to have removed the eyepiece of the 
telescope, and in its р ace a board was fixed having а screw ad- 
justment, so that a plate holder could be moved backwards and 
forwards on the board (graduated to tenths of an ішеһ) for the 
purpose of finding the actinic focus, which was 2 inch beyond 
the visual. He found that this position of the chemical focus 
was variable, owing, as he thought, to the varying distance of 
the moon from the earth, but, as suggested by Mr. De la Rue, it 
might arise from the length of the telescope tube having altered 
through change of temperature. 

In 1858 Mr. De la Rue read an important paper before the 
Royal Astronomical Society, from which it appears that the light 
of the moon is from two to three times brighter than Jupiter, 
while its actinic power is ouly as 6 to 5, or 6 to 4. On December 
7th, 1857, Jupiter was photographed in five seconds and Saturn 
in one minute, and on another occasion the moon and Saturn 
were photographed just after an occultation of the planet in 
fifteen seconds. The report of the council of the Royal Astro- 
nomical Society for 1858 contains the following remarks :—'* A 
very curious result, since to some extent confirmed by Professor 
Secchi, has been pointed out by Mr. De la Rue, namely, that 
those portions of the moon's surface which are illuminated by a 
very oblique ray from the sun possess во little photogenic power 
that, although to the ey® they appear as briglit as other portions 
of the moon illuminated by а more direct ғау, the latter will 
produce the effect called by photographers ‘solarisation,’ before 
the former (the obliquely-illuminated portions) can produce the 
faintest image.” And the report aleo suggests that the moon 
may have а comparitively dense atmosphere, and that there may 
be vegetation on those parts called seas. 

At the meeting of the British Association at Aberdeen, іп 
1850, Mr. De la Rue read а very valuable paper on celestial 
photography. Mr. De la Rue commenced his experiments about 
the end of 1852, and he used a reflecting telescope of his own 
manufacture of 13 inches aperture and 10 feet focal length, which 
gives a negative of the moon averaging about ту of an inch in 

iameter. The photographs were at firat taken at the side of the 

tube after the image had been twice reflected. This was after- 

wards altered so as to allow the image to pass direct to the 

collodion plate, but the advantage gained by this method was 

not во satisfactory ав was expec In taking pictures at the 
22 
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side of the tube, a small camera box was fixed in the place of the 
eye-piece, and at the back a small compound microscope was 
attached, во that the edge of a broad wire was always kept in 
contact with one of the craters on the moon’s surface, the image 
being seen through the collodion film at the same time with the 
wire in the focus о the microscope. This ingenious contrivance 
in the absence of a driving clock was found to be very efiectual, 
and some very sharp and beautiful negatives were thus obtained. 
Mr. De la Rue afterwards applied a clockwork motion to the 
telescope, and his negatives taken with the same instrument are 
аз yet the best ever obtained in this country. The advantage of 
the reflecting over the refracting teleacope is very great, owin 

to the coincidence of the visual and actinic foci, but it wil. 

presently appear that the refractor can be made to equal if not 
excel the work of the reflector. In this brief history of the 
subject of celestial photography, I have not referred to anything 
which has been done in making photographs of the solar spots, 
but the matter must not be altogether passed over. The first 
step in this direction appears to have been taken in France, in 
1845, by MM. Fizeau and Foucault, but it is chiefly due to the 
efforts of Mr. De la Rue that so much useful work has been done 
in heliography. In 1860 Mr. De la Rue and his staff of assis- 
tants performed one of the greatest Теңін yet recorded in this 
branch of the art of photography, having succeeded in obtaining 
several beautiful negatives of the various phenomena seen only 
during total eclipsea of the sun, and two negatives were obtained 
during the totality. One question of much interest to astro- 
nomers was determined by this great experiment. Тһе red 
prominences or flames generally seen as issuing from the edge of 
the moon were proved to belong to the sun. Photographs of the 
sun are taken daily, when the weather is favourable, at the Kew 
observatory, and also by Professor Selwyn, at Ely. With the 
Kew photoheliograph, pictures of the sun's spota have beeu made 
on the scale of З feet to the sups diameter. Much, however, 
remains to be done. The light of the sun is much in excess of 
what is required to obtain a collodion picture, во that the loss of 
light consequenton the necessary interposition of lenses, and the 
distance of the plate from the instrument, can be по objec- 
tion; and for these reasons I have very little doubt that, with ap- 
paratus suitably Atranged, photographs of spots and groups of 
spon will be obtained of very much larger diameter than any yet 
taken, 
The ‘Quarterly Journal of Science,’ for April 1864, contains 
the next important paper on celestial photography. It is by Dr. 
Henry Draper, one of the Professors at the New York University. 
On his return to America, after paying a visit to Parsonstown, 
where he had the advantage not only of making some observa- 
tions with Lord Rosse's large reflector, but also of seeing the 
method there pursued in graditur and polishing mirrora, stimu- 
lated by what he had seen, it was determined to build an obser- 
vatory, and to construct an instrument to be devoted solely to 
celestial photography. Тһе speculum used by Dr. Draper is 
15% inches in diameter, and 124 feet focal length; but this was 
afterwards superseded by one of glass on Foucault’s principle. 
The great labour involved in a work of this character may be 
judged of by the fact that Dr. Draper ground aud polished more 
than 100 mirrors, varying in diameter from 19 inches to $ inch; 
but he appears at last to have secured a good instrument. The 
chief points to be noticed in this article are, that instead of 
driving the telescope in the usual way bv meaus of a clock, the 
frame carrying the glass plate was made to move on the plan 
previously referred to. Instead of clock work to effect this motion, 
an instrument called а “clepsydra” was used. It has a weight 
aud a piston rod, which fits into the cylinder filled with water, 
which is allowed to escape by meansof a stopcock, and can be 
regulated with great exactness, so as to follow the object. The 
large number of 1500 negatives are stated to have been taken at 
this observatory, some of which would bear maguifying twenty- 
five diameters (the paper says, times, but I assume this to be an 
error, as a negative must be very bad if it will not bear more 
than five diameters, or tweuty-five times). Ав the average size 
of the negatives was ly% inch, an increase of twenty-five 
diameters would give an image of the moon nearly 3 feet in 
diameter. I have not seen the prints from these negatives, and 
have never heard anything of the quality of the work produced 
by this telescope; but it may be stated that Dr. Draper writes as 
if the negatives were of the best quality, and encouragea others 
to follow his exainple. Nearly a quarter of a century has elapsed 
since the moon was first photographed in America, and our 
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friends on that side of the Atlantic have not been idle in the 
interval. To an American gentleman we are indebted for the 
best pictures of our satellite yet produced, and it is difficult to 
conceive that anything superior can ever be obtained; and yet 
with the fact before us that Mr. De la Коев are better than any 
others taken in this country, so it may prove that even the 
marvellous pictures by Mr. Rutherford may be surpassed. 

Mr Rutherford appeara, from a paper in the ‘ American 
Journal of Science, for May of the present year, to have n 
his work in lunar photography in 1858, with an equatorial of 
114 inches aperture, and 14 feet focal length, and corrected in the 
usual way for the visual focus only. The actinic focus was found 
to be Үр inch longer than the visual The instrument gave 
pictures of the moon, and of the stars down to the fifth magni- 
tude, satisfactory when compared with what had previously been 
done, bat did not satisfy Mr Rutherford, who, after trying to 
correct for the photographic ray by working with combinations 
of lenses inserted in the tube between the object glass and 
sensitive plate, commenced some experiments in 1861 with a 
silvered mirror of 13 inches diameter, which was mounted in a 
frame and strapped to the tube of the refractor, Mr. Rutherford 
enumerates several objections to the reflector for this kind of 
work, but admits the S rente e of the coincidence of foci. The 
reflector was abandoned, and a refractor specially constructed 
of the same size as the first one, and nearly of the same focal 
length, but corrected only for the chemical ray. This glass 
was completed in December last, but it was not until March 6th, 
1865, that a sufficiently clear atmosphere occurred, and on that 
night the negative was taken from which some prints were 
made, which were exhibited at the meeting. ` 

Every writer on this subject speaks of the difficulties encoun- 
tered from optical, instrumental, and atmospheric causes; and 
to this may be attributed the fact that we have so few of our 
amateur astronomers givirg their attention to the subject. 
Another reason may be that comparatively few of those who 

ess telescopes шау have the necessary photographic know- 
edge; but surely some friend having this knowledge might be 
found who would be willing to spare & few hours occasionally 
to assist in taking negatives of the stars, planets, or of the 
moon. The reason, theu, why this subject is brought before 
yont notice in this paper is, that it is believed that the apparatus 
use is—in some particulars—more simple than any heretofore 
described, and as it can be used with ару kind of telescope, a 
greater number of amateurs than are now engeged in it ma 
be induced to follow this fascinating branch of photography. It 
will have been noticed that when particulars of the apparatus 
have been given, the writer has spoken of a smali сат), which 
has been fixed at the eyepiece end of the telescope. Ago how 
this was effected I have seen no description, and as no era 
box is required I need not enter into any supposition 
the mode in which it may be done. Before deciding wha 
necessary to be done, it occurred to me that the telescope 
itself is the camera, and all that was required was the me9s 
of fixing the dark frame or plate holder. If the telescope 6 
pointed to the moon, the eyepiece removed, and а qu 


ground glass held between the eye and the aperture, the ima 
will be seen оп the glass, and we require then the means | 
holding the sensitive plate steadily near the same place. АЙ 
that is needed is a brass tube about four or five iuches lon 
of the size exactly fitting the tube of the telescope in the place| 
of the eyepiece. In some cases the sliding tube of the eyepiece | 
may be unscrewed and used for this purpose. At one end of 
this tube a thread is cut, and is made to screw into a piece of 
metal plate (in the centre of which is a circular aperture of 
the same size as the tube), of the same dimensions as the dark 
frame. Attached to the plate holder are clips accurately fittin 
the brass plate, but so that the frame will easily slide off aod 
on: without disturbing the telescope. This is all the additional 
apparatus required to enable photographs of the moon or an 
other celestial object to be made. А separate frame for the 
ground glass is not necessary; it must be cut to fit the dark 
frame, and while in use can be held by slight springs fixed 
inside the frame at the sides. 

The method for ascertaining the actinic focus may be stated 
in a few words. With the rack motion adjust the focus for 
distinct vision on the ground glass, and then mark the tube 
and also the sliding part of the telescope. Although уь 
unlikely to be of the slightest use, unless taken with a reflectiu 
telescope, a picture may now be taken; it will at least serve to 


April 1, 1846} 


give some idea of the proper exposure. If the chemical and 
visual foci are not coincident the image will have a blurred 
appearance. Before exposing the next plate turn the adjusting 
screw so as to lengthen the tube about the sixteenth of an inch, 
and so proceed until, by the greater distinctness of the image, 
it ia seen that the chemical focus is found. At every change 
of the focus a slight mark should be made on the tube, and 
when the true focus is satisfactorily determined the marks should 
be made distinctly visible; and in all future experiments with 
the same instrument the focus will be always at or very near 
the same place. Should it be found that the indistinctness 
increases, it will of course be found necessary to try in the 
other direction. The appearances arising from atmospheric 
disturbances are very much the same as when the object is out 
of focus; experience alone will enable the operator to determine 
from which cause the defect proceeds. It is assumed that the 
telescope is provided with a driving clock; when such is the 


case every care should be taken that all the parta are clean, 


and, when necessary, oiled or greased, so that the motions may 
be ав smooth аз possible. 

In photographs of the moon in the phases prior to and after 
the full, the side opposite to the sun із always too light 
ог "burnt up," while those parta near the terminator are 
often so dark that only the tops of the craters and peaks 
are visible, although іп the telescope а clear and bright 
image can be seen. The cause of this must be that the 
exposure, if continued long enough to bring out all the eye 
can see on the darker side, would entirely obliterate the details 
on the brightly illuminated portions of the moon’s surface. Mr. 
De la Коев suggestion as to why the dark side of the шооп 
has во little actinic effect, has been already referred to. I would 
suggest that, as the light of the full moon is 100,000 times 
weaker than that of the sun, the twilight* on the шоо1/в surface 
must be very much leas, and consequently the actinic effect of the 
light is lessened in the same way as at a corresponding time on 
the earth. Тһе question, then, of photographing the terminator 
is only one of time, and in order to remedy the defect spoken of 
to some extent, I have used diaphragms such as are shown in the 
engraving. In the tube E, openings are made on opposite sides, 
and wide MU ed to admit the diaphragms to be used without 
touching the tube. The diaphragm must be of the proper length 
and width to shut off the moon’s light until the plate is ready for 
exposure. The shape of the diaphragm will suggest which form 
should be used according to the moon's age. The exposure 
should be made with the full aperture for as many seconds as 
previous experiments have proved to be necessary for the bright 
side, and the diaphragm then gently moved and kept in motion, 
gradually approaching the darkened side. By this meaus the 
exposure may be regulated, aud the great differences in the light 
and dark sides of the moon may be modified. 

As to the processes employed, each experimenter must adopt 
the one he finds in his hands gives the best result. It seldom 
happens that two operators can produce the same effecta with 
&pparently the same chemicals. Experience has shown me that 
the ordinary patent plate glass (carefully selected, so as to be free 
Írom scratches and other defects) is preferable to the white patent 
plate, having found that after a time the surface becomes covered 
with a kind of dew, or “sweat,” as it is termed, owing to the 

decomposition of some of the salts used in the manufactnre. The 
collodion used was made for me by Messrs. Huggon and Co., of 
Leeds; it is rur quick, free from structure, and suitable for iron 
development. | prefer to develop with an iron solution, using 
i bed sufficient to cover the plate; and with this developer and 

collodion, when the plate has been properly exposed, a negative 
can be obtained which will not require intensifying afterwards, 
Not having had sufficient experience with pyrogallic acid, I cannot 
speak with confidence as to any advantage it may possess in 
+ giving fine texture to the negative, With the bath and collodion 
exactly in the proper state, there is no doubt that with this 

id negatives may be had as quickly as with iron; but it is 
mely difficult to have everything constantly in the best 
king order. Unless the greatest attention be given to this 
tter, the time of exposure is so much increased, that iron, for 


Ф Іп the absence of an atmosphere on the moon there can be no twilight such as we 
90 the earth. The meaning, therefore, of this sentence may be misunderstood. 1% 
$utended to say that on those parta of the moon, enlightened only by the oblique 

ФЕ tho sun, the light із so diminished that the actinic effect, із lessened as it Is on 

shortly before sunset and during twilight, when it is well known that a mucn 

Море is required to obtain а photograph. 
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this reason, must have the preference. Upon the character of the 
image after development entirely depends the value of the 
enlargement to be made from it, and in this direction there is 
much room for improvement. Even in the best negatives yet 
made defects from this cause are very apparent. The microscopic 
photographs by Mr. Dancer have the finest texture, and will 
consequently bear greater magnifying than any other photo- 
raphs I have ever seen, but the process by which they are made 
1s not published. 

The weather in this country is so very uncertain, and success 
in this branch of photography is so entirely dependent on the 
state of the atmosphere, that it is ey, to be always Prepared 
to take advantage of a favourable night. Ihave а small cupboard 
placed in a convenient part of my house, where there is a supply 
of water, and the temperature ia always much above the air 
outside. This cupboard is just large enough to hold a small glass 
bath fixed at the proper augle ready for use, also the bottles for 
collodion, bath, developing and fixing solutions, and other little 
requisites. This arrangement is во convenient, that when there 
ів а prospect of getting a negative I can set the telescope, prepare 
the plate, and take a negative in less than ten minutes. But 
when there is a chance of two or three hours’ work an assistant 
is desirable, us the best results can only be obtained when one’s 
attention is chiefly devoted to the careful adjnstment of the 
apparatus connected with the telescope. The convenience of the 
plan adopted may be judged of by the fact that, on the evening of 
the partial eclipse of the moon, the 4th October last, in four 
hours I succeeded with the help of two assistants in taking no 
less than twenty negatives, and the teleacope was several times 
disturbed to oblige friends who desired to see the progress 
of the eclipse through the instrument, but the apparatus was 
quickly readjusted, although possibly in some cases with slight 
loss of definition in the negative, through haste. Аба previous 
meeting I described how these negatives were made, but it may 
be interesting to refer to the fact that, while the fifteenth of the 
series was taken the telescope was at rest. The clock had been 
disconnected for readjustment, and it was forgotten when the 
plate was ready for exposure, consequently the moon had moved 
partly off the plate, and the negative shows a portion only; bu- 
the exposure was so short that the eye fails to detect any diffet 
rence in the вһагрпевв of this aud the others, which were all 
taken when the clock had been watched and carefully regu- 
lated for the moon’s motion. This fact is, I think, of some 
interest, аз it shows that about the time of fall moon, when 
the light is of the greatest intensity, pictures may be made 
with telescopes not equatorially mounted. My telescope is а 
refractor of 5 inches aperture and 6 feet focal length, giving an 
image cf the moon, averaging about 43 of an inch in diameter. 
The actinic focus is one-tenth of an inch longer than the visual. 
The object glass is of Munich manufacture, and is mounted by 
Mr. Dancer on the Sissons, or English plan, with double polar 
axis. The hour circle is 26 inches in diameter, and is 
used also as the driving wheel, having teeth cut in the edge, 
in which a screw works, connected with the driving clock by a 
rod, and which can be instantly disconnected by means of a 
cam. The object glass is an excellent one, and the mounting 
is everything that can be desired. 

The negative taken direct іп the telescope is but one step 
towards what we require, that is, the enlarged copy on paper, 
From the small negative a positive on glass must be made, 
say of twice or three times the diameter of the original. It 
will be quite unnecessary here to explain how the enlargement 
is to be made; but I may remark that the negative should be 
placed with the film side towards the copying lens, and the 
resulting positive copy mast also be placed іп the same way. 
The enlarged сору or negative will then give the true teleacopic 
appearance ofthe moon. In the print of the full moon by Mr 
Rutherford a mistake has been made, arising from the negative 
or positive copy having been placed the wrong way, and con- 
sequently the moon looks as if it had been photographed from 
the opposite side. The print is а very beautiful one in other 
particulars, but entirely worthless asa picture of the moon, as 
the eye can never see it as there represented. I have sometimes 
taken two negatives on the same plate. It will be seen in the 
engraving that the dark slide is not quite central with the 
telescope, so that by reversing the plate after one exposure а 
second picture can be taken. fa photographing the planets Mr. 
De la Rue has allowed the object to move on for a few seconds, 
the telescope meanwhile being at ‘rest, and thus four or five 
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negatives can be taken in a very short time on the same plate. 
lt tos occurred to me that by having a frame made “ landscape” 
way, instead of upright, and in place of having four clips such as 
K, there might be a kind of groove at top and bottom, so that 
after taking the firat negative, and the light shut off, by moving 
the plate about an inch, at least three negatives might be taken 
on the same plate—or a “ shifting back” might be adapted. The 
advantages of this plan are that differeut exposures might be 
tried, and the development continued for the one or two which 
promised the best results. This method would effect a great 
saving of time, which on a fine night is of great importance. 
With a Barlow lens I have made some negatives, which have 
shown that when the same care has beeu taken to find the 
actinic focus negatives of a much larger size may be made, and in 
a very short time. The image is increased from 11-16ths 
to 1} inch, and the time of exposure at full moon was two 
seconds, The fittings of the lens are so arranged that three 
different sized negatives may be taken. 
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UNSINKABLE OR RAFT SHIPPING.* 
By CHARLES ATHERTON. 


Tax aggressive powers of ordnance versus the defensive powers 
of iron armour plating still constitutes, after years of experience 
and millious of expenditure, an inquiry, the solution of which 
fluctuates with every alternate test of their relative capabilities. 
The introduction of armour platiug induced improvements in 
ordnance; the ironsided floating batteries, whioh successfully 
withstood the fire from the Kilburn Fort in 1855, originated and 
succumbed to the more effective gunnery of 1859. The resisting 
power of armour plating was consequently increased, and the 
4jb-inch armour of the “Warrior” was for a time rded as 
invulnerable, until the gunnery of 1862 sent both shot and shell 
through the then most approved model of the “ Warrior” target. 
Attention was then directed to improving the quality of the iron 
which constitutes the armonr plating of shipa. The relative 
efficiency of hammered plates, as compared with rolled plates, 
was duly investigated, and іп the lately launched ship (“ Belle- 
rophon”) the thickness of the armour plating has been increased 
to 6 inches, with an inner plate of 18, making 74 inches; but 
now, again, guns throwing shot or shell of 320 1b. weight are 
found to prevail, and consequently the “Hercules,” now being 
laid down at Chatham, is said to have been designed to carry 
armour plating of the aggregate thickness of 9 inches, but guns 
to carry shot of 600 lb. weight are also being prepared, and 
1200-pounders are said to be in contemplation, and with little 
doubt of their being successfully introduced, for the whole matter 
of practical guunery, as respec:s the required quality of materials 
and the relative proportion of parts to produce any desired effect, 
is now prosecuted on principles based on the ascertained laws of 
progressive increase, whereby it is confidently expected that guns 
may henceforth be constructed of the required capabilities for 
Penetrating any armour plating of which the thickness may have 

n determined upon. In short, practical gunnery seems now 
to have become one of the exact sciences in the prosecution of 
which, with & view to the attninment of any given result, there 
is no limit but cost. But this is not all. e have hitherto 
aimed at rendering only the sides of ships invulnerable, and 
granting that we may attain that end, what of it? What isthere 
to prevent mortar practice being revolutionised, as has been the 
case with gunnery! Ships may thus be assailed by a new era in 
mortar practice, hurling down thunderbolts from above, smashing 
the deck, carrying all before them, and passing through the 
bottom of the assailed ship. Мо construction of vessel has yet 
been devised to meet this mode of attack, so manifestly possible, 
and therefore so probable, and which, whenever adopted, will 
again necessitate the reconstruction of our ships of war. Whilst 
thus threatened from above, we are also threatened with being 
assailed from below. Ships are now being constructed with sub- 
merged peaks for bursting through the sides of vessels below the 
level of the armour belt—a foul blow insidiously applied, yet 
lawful by the code of relentless naval hononr. Then again, the 
possible introduction of the steam ram, with monstrous powers 
of collision, combined with explosion, is not to be ignored. Now, 
how are the effects of these aggressive forces to be met or averted 1 
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and in reply I propound the question—may not the principle of 
raft-like unsinkability be combined with the partial protection 
afforded by armour plating, by which combination the guns, 
mortars, and rams of our opponent may do their worst, but 
still our vessel shall nut sink? Ву this device there may 
still be some chance of hostile ships being lashed alongside 
each other, and victory determined not by the fire of guns, ог 
the bullying of the ram, but by the arbitrament of hand-to-hand 
personal prowess, 

My purpose, therefore, now ia, to bring forward for review 
those elemental bases, a knowledge of which is necessary, in a 
practical point of view, to a due cousideration of the question, 
whether resistance by armour plating being supplemented with 
the introduction of the principle of “unsinkability,” does not 
afford the most available means as applied to ships of war for 
mitigating the horrors that may otherwise result from the 
destructive powers of modern ordnance and modern device, con- 
sequently whereon it has already been publicly avowed, tbat 
bostile ships of war will scarcely be able to approach each other 
without one or the other beiug sent to the bottom. Iu pursuance 
of these views I proceed— 

1. To explain the theoretical principle of procedure by which, 
as distinguished from other plans, I propose to effect the object 
of preserving ships afloat, notwithstanding the penetration of 
shot or shell through the sides, deck, and bottom of the ship. 

2. To give the theoretical elements, data, and calculations on 
which the efficacy of the proposed system is based, and show the 
general mode of practical construction by which the principle 
may be applied to mercantile shipping and to ships of war. 

Various devices have from time to time been adopted for miti- 
gating the danger of sinking to which ships, and especially steam 
sbips, are liable from the occurrence of leakage, rupture from 
striking on rocks, collisions with other vessels, derangements of 
machinery, and other accidental causes. These devices have 
hitherto consisted in dividing the ship into compartments and 
cellular divisions by means of water-tight bulkheads. Also, in 
constructing the ship with a double skin or shell, and dividing 
the space between the two shells into water-tight cells. These 
devices afford great protection against ordinary casualties, which 
usually occur singly, and affect the ship only at one spot; but 
such cases are not analogous to the dangers resulting from the 
repeated and continuous damages from shot and shell to which 
ships of war are exposed in action, and whereby all parts of the 
ship may be penetrated, length ways, crossways, aud vertically, 
through and through, in а single hour. Several such compart- 
ments or cells may be penetrated by a single shot and become 
immediately filled with water, and this being repeated, the 
buoyancy of the ship becomes gradually reduced, till she ulti- 
mately sinks, This system of cellular air spaces may greatly 
mitigate the danger of sinking, and prolong the floatiug of the 
еси but it cannot be said that such ships аге unsiukable by 
shot. 

The syatem which I propose may be denominated the solid 
raft system, to distinguish it from the hollow cellular system 
above referred to, and it consists iu combining with the structure 
of the ship such a quantity of solid and non-abeorbent materials, 
lighter than water, as shall support the whole weight of the shi 
and its load, whereby the vessel shall not sink, though perfora 
in all directions by shot and shell, or cut down by the stroke of 
а hostile ram. 

Theoretical Е ements.—The practical construction of raft ship- 
ping with a view to carrying out the principle of * unsinkability," 
must evidently be based on calculations involving the weight or 
specific gravity of the materials of which the floating body is to 
be composed, with reference to the weight or ge gravity of 
the fluid on which it is intended that the vessel shall float, and 
which in this case we will assume to be fresh water, which will 

ive about 94 per cent. of the displacement in favour of the 
ае of the vessel when floating in ordinary sea-water. That 
is, a ship which would carry, say 1000 tons weight, on a fresh- 
water river, will, at the same draft, carry a load of 1024 tona 
at sea; and the materials used for ship-building being, as respecta 
their specific gravity, of a fluctuating character, dependent on 
their quality and condition, it follows that different authorities 
have not always assigned the same specific gravity to timber of 
the same denomination. The following table is therefore annexed, 
as the basis on which the results put forward in this paper have 
been calculated:— 
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Now, as the weight of any floating body is equivalent to the 
weight of the quantity of fluid displaced by the tloatiug mass, it 
follows that the load which will be supported by a cubic foot of 
any material of less specific gravity than water, when floating on 
water, will be equal to the weight of a cubic foot of water less the 
weight of a cubic foot of the floating material; consequently, 
from the foregoing table, we at once deduce the weight that 
would be supported by each cubio foot of the different materials 
referred to iu the table, when immersed in fresh water, weighing 
634 lb. per cubic foot. For example:— 


1». 
Each cubic foot of oak will carry а load of 624 — 50—124 
teak 


$$ 3% mahogany E 624 244—181 
n » elm 

” ” red pine ” 624 -41=214 
35 ” yellow pine "m 624 85-274 
55 Е white pine A 624 — 288—344 
» » poplar ” карай 
зэ » cork » 624 -12—50 


Непое we deduce the following table, showing the number of 
cubic feet of each of these materials which, if used as the buoyant 
material of raft shipping, must be employed to support each ton 
weight of load with which it will be burdened. 

For each ton weight of load there will be required as follows:— 


Cubic feet, 
If oak be used as the buoying material 179 
s teak 
s mahogany toe Ке se s sf 121 
n elm 
„ red pine m ove E: 4. 42» 108 
n yellow pine ... M 35% e 25% te 82 
» White рше ... .-. Е woe $e vss 65 
lar ... ВЕ ... ose - ... 60 
ы ork Е 44:36 


neork -.. Е 


for its constituting the beeyan! material of raft shipping. It is 
probable that cork and timber may be advantageously built into 
the ship in alternate layers, whereby а light compound mass, 
well bonded together, may be formed. The results shown in the 
following table will therefore be useful:— 
Table showing the proportions of cork and different kinds of 
materials which will form a compound mass of one-fourth the 
ific gravity of water, the specific gravity of the various mate- 
rials being taken as shown in Table А:-- 


Compound materials. Proportional quantities. 
Cork and wrought-iron... ise 1 to “0077 

m oak ue wes ке l , 7195 
» sa Ssa Ds Да: 1-5 dn 
ў а ата 

» elm ыны ae реді а 1 , 7128 
ay red pine ... НЕА 1l , 7148 
35 larch 22% ae 1, °187 
» yellow pine ive ss 1 , 7187 
5i white pine... өз САЩ 1 „ "293 
5% ey wee bas l ,, ‘386 


It thus appears that a compound mass one-tourth the specific 
gravity of fun water may be formed by combining 


of the masa shall be only one-fourth of the specific gravity of 
water. For example, a layer 10 inches thick of cork, or other 
material of the same specific gravity, may be alternated with 
08 inch of iron, or 105 of oak, or 1:98 of teak, mahogany, ог 
elm, or 1:43 of red pine, or 1:87 of larch or yellow pine, or #93 of 
white pine, or 3:83 of poplar. 

Whence it appears that if cork at 12 Ib. per cubic foot, or other 
material of the same specific gravity as cork, be used for our 
buoyant material, every cubic yard of such material may, when 
built into the ship, be bonded together with 100 15. of hoop-iron, 
producing a well-bonded mass of buoyant material, of which the 
specific gravity will be one-fourth that of water, and of which 
each cubic foot weighing 15:625 will carry a load of 46:875 lb. 

Seeing now, from the foregoing tables, the great advantage of 
employing substances of light specific gravity as the buoyant 
material, it will become important to ascertain what substances 
or preparations of material will be available for the purpose 
referred to. There are many vegetable productions of tropical 
growth of a specific gravity nearly the same as that of cork, 
which productions may, like cork, be so prepared and manufac- 
tured as to form masses or blocks, of any definite size, convenient 
for being built in layers of definite thickneas, into the hold of a 
vessel, and so chemically treated as to be uuiuflammable; such 
masses, manufactured by the aid of machinery, may be produced 
at probably a cheaper rate than cork, and be equally serviceable. 

oreover, as an example of manufacture, small boxes of suit- 
able dimensions for being laid by haud, like bricks, may be 
formed of white pine, poplar, or other light wood, which would 
constitute a cellular mass of extremely light specific gravity, and 
which, if used in those parts of the ship least exposed to shot 
and shell, would be available for formiug the buoyaut medium 
of raft shipping. It is therefore, suggested that if premiums be 
awarded for the discovery and production of buoyant materials, 
whether in their natural condition, or manufactured suitable for 
the purpose referred to, a choice of such material would be pro- 
duced whereby dependence on any one kind would be obviated, 
and various materials fit for the purposa would be supplied at 
their fair market value, based on the coat of production. The 
specimen of buoyant material submitted herewith, six inches 
square and three inches thick, weighs 10 ounces, being at the 
rate of 10 lb. per cubic foot, or about one-sixth the specitic 
gravity of water; consequently, we may calculate on the buoyant 
material for raft shipping being prepared and cemented in place 
at the average weight of 15:625 lb. per cubic foot, being one- 
fourth of the specific gravity of water. The buoyant power of 
such material will be 46875 ib. per cubic foot, exclusively of its 
own weight, and each ton weight of burden will require 47:8 
cubic feet of such material, and the weight of the material itself 
will be at the rate of 143-36 cubic feet per ton weight. 

Practical Construction.— We now proceed to explain the prac- 
tical construction of raft shipping with reference to its buoyant 
properties, such being necessary to enable us to arrive at some 
definite conclusion as to the mercantile effectiveness of such 
vessels for carrying weight of cargo with reference to their size 
ав expressed by displacement, and also to determine, in the case 
of gunboats and ships of war, the definite weight that can be 
allowed for armour plating, with reference to the size or load 
displacement of the ship, whence the extent of armament and 
ammunition which the ship сап carry may be deduced, for it is 

resumed that the guns and crew of auch vessels should be fenced 
in by armour plating equally with their opponents. Protection 
from sinking is the object which we seek, and we require to know 
at what sacrifice of capability for carrying weight of cargo, in 
the case of mercantile ships, or of aggressive armament іш the 
case of ships of war, that protection is to be obtained. 
28 


10% 


Having predetermined that the length of our ship shall be six 
times the breadth, and the depth one-third the breadth, and that 
the lines of the vessel shall be such that the displacement 
expressed in cubic feet shall be one-half the product of the length, 
breadth, and depth, we know from these data that, to obtain a 
displacement of about 2500 tons, the breadth must be about 45 
feet, tbe length 270, and the depth 15 feet. These dimensions, 
under the above-mentioned conditions of construction, give the 
immersed hull a cubical content of 91,125 cubic feet, which, 
divided by 36, the number of cubic feet in a ton weight of fresh 
water, gives 2531 as the displacement of our ship io tons weight, 
and consequently the total aggregate weight of our hull, buoyant 
packing, packing for surplus buoyancy, engines, coals, ship’s 
stores, armour plating, armament and ammunition, such being 
the entire weight of the ship and its burden, and we propose to 
treat of each of these items separately. 


1. The Hull.—For the sake of strength combined with light- 
ness, we may suppose the shell and frame of the hull to be of 
steel, lined or plauked inside with timber, and as the buoyant 
material with which the vessel is to be packed will greatly 
strengthen the shell of the vessel, we may assume the weight of 
the hull (including rig and equipment, but not including armour 
plating, armament, ammunition, or other}stores) to be 95 per 
cent. of the load displacement, amounting in this case to 633 tons 
weight. 


9. The Buoyant Packing.—This packing, on which the buoy- 
ancy of the ship is intended to depend, must be in such bulk, 
with reference to its specific gravity, that when floating iu water, 
it will uphold from siuking the entire weight of the ship and its 
burden, consequently the bulk of the packing must be at least 
equal to the load displacement of the ship, being in this case 
91,125 cubic feet, which quantity is represented as tinted pink 
on the drawing; and the specitic gravity of this packing bein 
one-fourth that of water, its weight will be one-fourth of the load 
displacement of the ship, or 633 tons weight. 


3. Surplus Buoyancy.—We have hitherto made provision only 
for such quautity of buoyant peaking as would merely float the 
ship, but in the case of ships of war portions of this packing may 
be blown away by the explosion of shells, which may have 
lodged in the body of the mass; it is, therefore, proposed to allow 
20 per cent. surplus buoyancy, coloured light ри on the drawing, 
amountiug to 15,225 cubic feet, the weight of which is 126 tons, 
the same being 5 per cent. of the displacement. 

The centre of gravity of the hull and packing, amounting to 
1392 tons weight, is shown on drawing. 


4. Machinery.—It is proposed that this vessel of 2617 tons, 
builders’ measurement, or 2531 tons displacement, be supplied 
with eugiues suitable for propelling the ship at the speed of about 
12 knots per hour, requiring 316 horse-power, working up to 
1580 ind. horse power; the weight of the machinery complete and 
in working condition will be 316 tons weight, being 124 per cent. 
of the total displacement. 


5. Coals.—One tou of coals per nominal Н.Р. will give about 
six days’ supply at full steaming power, amounting to 316 tons, 
being 12$ per cent. of the total displacement, and as the weight 
of the machinery and coals is necessary to the stability of the 
ship, it is desirable that the coals be stowed in the lower hold, 
and the coal-bunkers be fitted water-tight for the reception of 
water-ballast. 


6, 7, and 8. Stores—Armour-Plating—Armament and Ammuni- 
tion.—Having already appropriated, as above shown, no less than 
80 per cent. of the load displacement, we have now left only 20 
per cent.,amounting tu 507 tons weight, to meet the requirements 
of ship’s stores, armour-plating, armament and ammunition. The 
proportion in which these three items are to be distributed 
entirely depends on the intended armament for the ship, and the 
thickness of pineal panog which may be considered sufficient 
for the intended service, e may, however, assume the distribu- 
tion as follows:— 


Ship's stores 2 percent., amounting to 51 tons, 
Armour-plating 12 рег cent., amounting to 304 tons. 


Armament and ammunition 6 per cent., 152 tons, of which the 
centre of gravity is shown ou drawing, 507 tons. Hence the 
foregoing scale of appropriation of displacement gives as follows, 
уі2,;-- » 
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Hall сои 25 per cent., weighing 633 tons. 
Packing ......... id bo 25 n  « 76%, | 1392 
Surplus packing ............ 5 n m 126 , 
Machinery ............ .... 194 „ A 816 ,, | 692 
Coma о аты» 144 , 3) 816 ,, 
Ship's віогев.................. 2 » 51 ,, 
Armour-plating ............ 12 h. a 804 ,, 507 
Armament & Ammunition 6 56 $5 152 ,, 

100 Dispt. 2531 


From the above scale of appropriation of displacement the 
following table has been deduced, showing the weights available 
for armour-plating, armanent and ammunition, the vessels 
varying from 257 tons displacement, to ships of 10,368 tons 
displacement, the largest size now built, whence we may вее 
approximately what amount of armour-plating is available for 
ships of differeut sizes, and thence determine whether such 
veasels will carry out the object we may have in view. The 
weights shown as armour-plating, armanent and ammunition in 
the following table, constitute the tons weight of o which 
ти ы carried by the ship if fitted for merchant service. (See 
p. . 

, From the foregoing table we arrive at the following deduc- 
tions: 

lst. With reference to armour-plating, it ia manifest that in 
a ship of given size, as determined by displacement, the weight 
available for armour-plating is to a considerable extent a com- 
promise with the weights required for machinery, coals and ar- 
manent, as we increase the one we must reduce the other; but 
assuming the appropriations of displacement taken in the table, 
the me allotted to armour-plating would give the following 
results:— 


Thickness, if plated all Thickness, if plated all Thickness, if plated ali 
round, 12 feet deep. round, 16 feet deep. round, 20 feet deep. 

No. 9... 2°42 inches 1:82 inches 1:45 inches 

» 10..275 „ 2:00 ,, 165 ,, 

„ 1..310 4 253”, 186 ,, 

„ 1222850; 2:62 ,, 2:09 ,, 

» 13...393 ,, 295 ,, 2:38 |, 

» 14.. 483l ;, 3:23 ,, 2:58 ,, 

» 15..478 , $:55 , 284 p 

» 16..521 ,, $91 ,, 313 „ 

» 17...569 ,, 4:27 „ 342 ,, 

» 18..620 ,, 465 , $72 p 

It is also to be observed that if the length of the vessels be 


four times the breadth instead of three times, the thickness of the 
armonr-plating in each case would be increased 50 per cent. on 
the above dimensions; and, moreover, if instead of plating the 
ships all around the armour-plating be confined to protecting the 
limited space of the battery, the thickness of the plating vill be 
proportionately increased, the application of the weight available 
for armour-plating, armament, and ammunition is thua entirely 
а matter of arrangement dependent on the class of ship to be 
consiructed, 

It also appears that the ratio of power to displacement being 
given, and the vessels of similar type, the speed becomes greater 
as we increase the size of the ship. The extra cost that would 
be incurred in the construction of raft shipping may be approxi- 
mately estimated as follows, supposing the material to be cork of 
the lowest quality, which is generally the lightest, and therefore 
the most suitable, for the purpoee of raft ship packing. Take for 
example ship No. 9, of 2521 tons displacement :— 

Cork for packing, 760 tons at £10 
Preparation for rendering the packing uninflammable, 


£7,600 


760 tons at £2 10s. 1,900 
Workmanship and labour, preparing material, cement- 

ing, and setting in place, 760 tons at £2 10s. 1,900 

£11,400 

Casualties 5 per cent. 570 

Total for ship of 2581 tons displacement £11,970 


Being at the rate of about £5 per ton on the displacement ton- 
nage of the ship. 


Bear-Admiral Е. P.Hatsrep.~-Mr. Atherton has во clearly and 
completely given his details and definitions, that the question is 
gearcely to be discussed, except upon its general principle. From 
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Cubical |Dispace| € | 5 i 

Contents. | ment. | ЗВ p ы à 

23 | 28 8% 

a 5 Е 
щ 9 | Бе 
я na 

Tons. Tons. | Tons. | Tons. | Tons. 
1 7 266 9261 257 64 64 18 
2 8 397 13,824 384 96 96 19 
3 9 565 19,683 547 187 137 27 
4 10 775 27,000 750 187 187 38 
5 іп 1032 35,937 998 249 249 50 
6 12 1340 46,656 1296 824 324 64 
7 13 1702 59,319 1648 412 412 82 
8 114 2128 74,088 2058 515 515 | 103 
9 15 2617 91,125 2531 633 683 ! 126 
10 16 3175 110,592 807% 768 768 | 154 
11 17 8810 182,651 8684 921 921 | 184 
12 18 4523 157.464 4374 1094 | 1094 | 218 
13 19 5213 185,193 5144 1286 | 1286 | 257° 
14 ‚ 20 6204 216,000 6090 1500 | 1500 | 300 
15 "21 7182 250,047 6946 1736 | 1736 | 348 
18 22 8258 287,496 7986 1997 | 1997 | 399 
17 23 | 9436 328,509 9125 2282 | 2282 | 456 
18 . 24 | 10,721 373,248 110,368 2592 | 2592 | 518 


Appropriation of Displacement. 


17 

g “ зо 

< & E & . HE = Power. Speed. 
па | Ae las | Са gag 

38138 | 28| 28 | 45% 

& Е $ & 

Е а |3 |4: 

Tons. | Tons. | Tons. | Tons. | Tons. | Хош. h.p. | Ind. h.p. | Knota. 
32 32 5 31 16 82 160 9:28 
48 48 8 46 23 48 240 9:68 
68 68 | 11 66 33 68 340 10°05 
94 94 15. 90 45 94 470 10°50 

125 | 125 | 20 120 60 125 625 10°77 
162 | 162! 26 156 78 162 810 11°08 
206 | 206 | 33 198 99 206 1030 11:99 
257 | 257 | 41 247 | 123 257 1285 11:68 
816 | 316 | 51 304 | 152 816 1580 11:98 
384 | 384 | 62 868 184 884 1920 12:20 
460 | 4601 73 442 | 221 460 2300 12.45 
547 | 547 | 87 525 | 262 547 2735 12.70 
643 | 643 | 102 618 | 309 643 8215 12:92 
750 | 750 | 120 720 | 360 750 8750 18:15 
868 | 868 | 139 834; 417 868 4340 18:26 
998 | 998 | 160 958 | 479 998 4990 18:57 
1140 | 1140 | 182 1095 | 548 1140 5700 13-79 
1296 | 1296 | 208 1244 | 622 1296 6480 14:00 


the paper just read it is clear that Mr. Atherton looks upon it as 
а question of absolute solidity. (Mr. Атнввтоя: Yes) This, of 
course, then becomes, with naval people, a question of accommo- 
dation, which doea not seem to have been very comfortably pro- 
vided for. However, there may be circumstances wherein vessels 
of that sort may be constructed for special purposes, perhaps 
with great benefit, Far greater changes have actually intro- 
duced themselves within the last ten or fifteen years even than 
the one now described. 

Mr. ALEXANDER GoRDoN.—With regard to the question of in- 
flammability, I am satisfied that Mr. Atherton is entirely correct. 
I have had great experience in the preparation of timber for 
lighthouse and otber works, where the danger of fire was conside- 
rable, and I found that by Mr. Maughani's process, which was 
Ге many years ago, timber was rendered uninflammable. 

ou may put а piece of wood so prepared into a furnace, and you 
may bring it out red hot, but it will not carry fire—it is unin- 
flammable. I mention this after having had great experience 
with timber prepared by Maugham's process, and I regret that 
this process ia not more euer known. Ina conversation with 
Sir rge Cockburn, wben he was at the Admiralty, I proposed 
the subject of so „preparing the ceiling and internal fittings of 
H.M.S. “Simoom.” It was also proposed to line that ship with 
kamptulicon so prepared, of which I produced some specimens 
perfectly uninflammable. 

Captain JuLrus Ковевтв, Royal Marine Artillery.—I believe 
Mr. Atherton has in his mind the idea of connecting the sides of 
the ship together by bulkheads, forming cellular cotnpartmenta, 
right through, so that each of these compartments, separately 
formed with thin sheet-iron, adds very little to the weight of tbe 
cork. This would form a great protection against the penetra- 
tion of shot, and those cellular spaces filled with packing would 
give the ship a vast amount of strength in every way. 

Captain SgLwYN, R.N.—We must recollect that the use of 
rams is dependent entirely upon their possession of extreme 
speed, or superior speed, I may say, and the most perfect power 
of manceuvring. Unless these two conditions be attained, the 
use of rams is one which may possibly sometimes be brought into 
play against other vessels which are at anchor, but which can 
never be brought into play in those great naval actions which 
should take place, as they have always done, at least with the 
English, on the open ocean, where the question is, how to chase 
your enemy, how to catch him, and when caught, how to dispose 
ofhim. The ram will play its part indubitably; but we must 
not rely any more exclusively on that than we must on guns, or 
on the peculiarities of ships, which may be attained, as Mr. 
Atherton has very properly remarked, by a compromise which 


sacrifices in a certain degree each one to all the others, that is to 
say, the speed may be attained by a certain sacrifice of capacity 
and of seaworthy qualities. The enormous power of carrying 
fuel may be attained by other sacrifices; and во we may go 
through the whole list of compromises, never being able to attain 
in absolute perfection the whole of the objects which we seek. 
With regard to penetration, and how it 18 to be resisted, Mr. 
Atherton, I think, does not intend that the cork or other buoyant 
material which he employs as packing should be viewed in any 
measure as a resistant material. He relies for that on the 
armour-plate outside, and which must remain very much aa it is. 
at present, a question between the power of the gun and the 
power of the armour-plate. If we build our ships of a lighter 
material, such as steel, we may then afford to devote increased 
thickness to the armour-plate, and, therefore, be able to resist 
heavier guns than those which are now brought against us. If, 
on the other haud, our enemies find that we are so disposing our 
weights, it is reasonable to expect that they will increase the 
size of their ordnance up to the power of which they may be 
effective against the increased resistance. The cheapest buoyant 
material we have, and that hitherto has been resorted to, is air, 
—cellular spaces filled with air; and the only objection which I 
understand Mr. Atherton entertains to that, is the possibility of 
penetration in every line by shot or by shell. Now, I think if 
we were to enter into a calculation of the thickness of the trans- 
verse partitions required to stop shot after they have penetrated 
а portien of the water (because they are not dangerous above the 
water-line), but ing through а portion of the water, the 
armour-plate, and then a certain number of the cells, if that 
thickness of armour-plate and of armour-partition were calcu- 
lated, we should find it rather inferior to the weight of the 
packing which would be required to prevent the ship becoming 
water-logged from these transverse perforations. There ia another 
circumstance to which we may turn our attention usefully—that 
having engines on board, we can use them to pump air into the 
air-cells to keep out the water; and that, then, although perfo- 
rated, the cells remain air-cells by the continued power exerted 
against the water. Хоп can do that in this condition that the 
outer cells be kept free from water, and only if air be pumped 
into the interior ones сап you keep out а head of water. It is 
possible to do that, and it is worthy of consideration how far we 
may do it in opposition to the system of filling up with a material 
which, after all, if perforated, does not keep out water. In pro- 

rtion as the cells, whether the packing material be cork or 
ight porous wood, are destroyed by the impact of shot, so will 
the water penetrate those cells, aud enter among the splinters 
or the powder into which the material would then be reduced, 


104 


thus not giving us the full value which we should obtain, if we 
considered it only as cork having certain buoyant qualities. 
When by penetration in whatever direction the ship has been 
reduced to the water-logged line, it is very clear, he says, that 
the engines might be drowned out, and the ship would certainly 
be drowned down to such a line of flotation that her manceuvring 
power would be gone, and then she would be at the mercy of 
any ship that ran against her having superior manwuvring 
power. I do not urge this as an objection, but I merely urge it 
ав а remark as to what would be the result in such a case of 
water-log. When you have also a large quantity of buoyant 
material, if there be an alteration in the centre of gravity, you 
find, if you consider thia ship as not alone carrying а hull, but 
carrying masts and yards, you will so seriously compromise the 
centre of gruvity, that you are liable to have your ship capsized, 
although she floats, particularly if she is in а sea. If it be pos- 
sible, аз Mr. Atherton seems to show, that we may have ships that 
will not sink, then it becomes a very grave question whether 
the cupolas may not be more efficiently introduced than they 
have hitherto been, for the whole secret of the want of success of 
the cupola system in la shipe seems to be, that it is necessary 
to defend the ship as well as the gun. Моб alone must you put 
armour round the cupola, but you must put iron round the ship, 
not solely to prevent her crew being hit, but to prevent her 
offensive powers being injured, and to prevent the ship being 
sunk. Ifit is possible to make a raft like that, we shall return 
to that ingenious invention, for which Captain Cowper Coles 
deserves the greatest credit, of putting heavy guns on an un- 
sinkable raft. I hope, by the devotion of such talent as that 
of Captain Coles ав а Naval Officer, and as that of Mr. Atherton 
as an Engineer, to the subject, we shall yet arrive at a more 
clear couclusion than we have hitherto been able to do. 

Mr. ATHERTON.—The stores and amuuition will be stored in 
water-tight cells formed іп the packing, во that in the case of the 
ship being sank down to the water-logged line all the stores and 
ammunition will be accessible. The arrangements for the ac- 
commodation of the crew would be dependent on the number of 
the crew and position of the batteries. I do not pretend to 
know how a ship’s batteries ought to be arranged, whether 
broadside, cupola, or fore and aft, but I have assumed that in 
this case the batteries would be fore and aft, thereby afford- 
ing the usual amount of accommodation for the crew amid- 
ships between decks. The lower hold Т mean to be exclusively 
appropriated to machinery and coals. The coal will be put 
into water-tight compartments, and as the coal is consumed 
the bunkers may, if necessary, be filled up with water, to 
preserve the stability of the ship. As regards present mortar 
practice, the mortar practice of the present system is not 
at all comparable to what I anticipate being resorted to as the 
agent for sinking iron-clad ships, viz., masses of eight or ten tons 
weight being thrown nearly vertically to a considerable height, 
and falling into a ship through the deck аб a range of say 200 
yards only. As you shorten your range you arrive at greater 
precision, and doubtless mortar practice may be so modified that 
at short range, say 200 or 300 yards, you would not fail to 
oa а shot or shell through the deck of such a vessel as the 
“ Warrior.” With regard to the efficiency or otherwise of rams, 
it 18 not for me to discuss that question. I am of opinion ше 
шау become formidable rivals to ships of war as now constructed, 
and, therefore, I suggest this mode of rendering ships unsinkable, 
though assailed by the ram. With regard to penetration, the 
theory I go upon is that nothing will stop the penetration by 
shot. I anticipate that the penetration will be absolute, but 
whilst the packing remains an integral part of the ship it will 
float the өһір. You must entirely get rid overboard of that 127 
tons of surplus packing before the ship of 2531 tons displacement 
will sink. As regards air-tight cells, if of iron, they would 
probably be of equal weight, and occupy the same space as the 
packing. I believe it would be very difficult to make the cellular 
system absolutely air-tight, aud if perforated by shot they would 
become non-effective. By the proposed system when the vessel 
becomes perforated and water-logged, we still have the lower 
deck some two or three feet above the water-logged line of 
flotation; therefore, I do not see why that ship, though water- 
logged, should not be perfectly manageableandseaworthy. Many 
а ahip goes to sea with a water-line as low as that. The stability 
Increases as she geta down, because the centre of gravity becomes 
lower with reference to the centre of displacement. 
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THE ARCHITECTURAL MUSEUM. 
Prizes to Art Workmen. 


Mr. Beresford Hope said they met that night in & new home, 
and for the verysimple reason that the tabernacle—he supposed 
he must call it—in which they used to meet, at South Kensington, 
had been pulled down to give way toa permanent South Kensing- 
ton Museum. Whether they should meet again at South Kensing- 
ton permanently, or not, was a matter in regard to which he 
wished to make a short explanation. The meeting was very 
well aware that for many years past South Kensington had been 
their home. Не had talked of the tabernacle in the wilderness. 
Some people said that when they went down to South Kensing- 
ton, they went to Egypt. But he must say that, having gone 
down to Brompton, they were most hospitably entertained there. 
With the authorities there they sometimes had had a few 
friendly “ tiffs ;” but altogether they worked very well ther, 
and owed a deep debt of gratitude for the kindness that at 
all times been shown by the authorities at South Kensington. 
But as time went on, and as the distinguishing features of the 
South Kensington Museum shaped themselves more and more 
clearly, the more it became apparent that there was a divergence 
of intention between them and that body. He would the 

meeting what that divergence was. All of them who had consi- 
dered the museum question must be aware that there were two 
kinds of museums. One was what was called a technical, or 
study museum, which contained things that were rather dry and 
uninteresting to the general visitor. There was no popular 
museum in anatomy, nor ought there to be, inasmuch as it would 
consiat of a number of specimens іп bottles A technical museum 
in chemistry also consisted of a lot of specimens in bottles; and 
soin their liue of science, a technical museum in architecture 
consisted of a number of mouldings, carvings, and details, many 
of them rough and mutilated plaster casts, and, therefore, very 
uninteresting and ugly to the genera! public; but of inestimable 
value to the man who had to manufacture works of art, in which 
light and shade produced by mouldings, and the art beauty pro- 
duced by foliage, were his requisites. Such was their idea of the 
collection that was essential for the study of architectural art. 
The other sort of museum, which he did not deny тақ ашу 
valuable and necessary, was what was called the Exhibition 
Museum, but it did not go into the detail necessary to enable the 
art-student to work out either originals or models of monuments, 
like the tomb of Archbishop Grey, at York, or the Pisa pulpit, 
which raised its head so proudly at South Kensington. e 
thought their Governmeut,—he did not mean the authorities at 
Kensington, who were not to blame,—but the Government, were 
to blame for not having realised the great importance of a stady 
collection; and, when they had the unique opportunity of plenty 
of sores at Kensiugton, they were to blame for not giving to 
England what, he believed, no other Government had given to 
any other country in the world, a Study Museum of Architeo- 
tural Art, There was plenty of room at Kensington for inre 
out such a project, and it was а sort of musenm which it woul 
not be very expeusive to create. The authorities, however, 
thought otherwise; and it was impressed upon those connected 
with the Architectural Museum that they were to clear outa 
very large amount of their collection, and leave only so much 
behind as would form part of an exhibition collection, and not 
part of a study collection. 

Now, they had been looking forward, as he had stated, to а 
great national study collection for the benefit of the art-workmen 
of England. They did not pretend to say that, with their limited 
means, their collection could be either a very large one or a very 
perfect one; bnt they did say that it was the first thing of the sort 
that had ever been started. It was а matter of honourable am- 
bition with them; and they thought that it might have been taken 
up by the Government as the foundation of a more important 
collection of the same kind. That matter was now and gone. 
The study collection was no longer to be an element of the South 
Kensington Museum. It was orly to be an exhibition collection. 
It would, no doubt, be an interesting, a beantiful, and an impor- 
tant one, but it would not be that special kind of technical ool- 
lection which was required. Accordingly, they felt there was 
nothing to do but to give an amicable notice to qnit. That notios 
was taken amicably, and һе was able to say that they were leav- 
ing on the best and most affectionate of terms with the anthor- 
ities at Kensington, who had not withdrawn from them the 
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privilege of using their collections. Now, at thia time of final 
divorce, nothing could be more friendly than the terms upon which 
they stood towards each other. Speaking ministerially, the ques- 
tion as to where they should go was under consideration. Talk- 
ing confidentially, they had very little idea where they would go. 
But they were working hard for a place, and he might say, 
without breaking eon denos, that their condition was under 
mature consideration by a very important body, of a cognate 
character to their own, though somewhat older, and more dig- 
nified—he meant the Royal Institnte of British Architects. 

He now passed to the special work which they had to perform 
that evening, namely, the distribution of prizes. The meeting 
were aware that last year was а year of disappointment. They 
offered valuable prizes, but it was not considered that the com- 
petitors came up to the mark, and they went down to South 
Kensington with rueful faces and blank cheques. This year they 
adopted the course, not of sulking or despairing, but of revising 
their list of prize objects, and offering prizes even more valuable 
in a monetary view. He was glad to say that the exhibition of 
one classof works of art had met with signal success. They had 
had an unusual good tender of objects, and they felt that they might 
conscientiously award the large prizes which they offered to the 
competitors. He was exceedingly glad to have to say that the 
art-workmeu of the country had awoke to the movement of the 
times—he did not allude to the Reform movement. He was glad 
to say that they felt in all things the growth of education and of 
refinement: that growth of refinement which had substituted 
the present cheap press for the scurrilous ргевв of forty or fifty 
years ago—a cheap press which had placed the study of literature 
and the discussion of political questions, whether they agreed 
with the conclusions they were come to or not, on the high level 
which they now occupied. He was glad to see the realization of 
the growthof education and the improvement that had taken place 
in those means of locomotion which made the word “ provincial” 
almost a word belonging to the dead languages. The growth of 
science had extended itself to the wants of private life, and 
em s felt that the furniture they lived amongst, the carpets they 
t upon, the arm-chairs they slept in, the plates from 
which they ate their mutton, and the basins in which they 
washed their faces, might be, need be, should be, and could 
be, specimens of art, without being too expensive to those persons 
who might become their purchasers. He was glad our workmen 
realized that fact; and this brought him to another point. The 
other day a capitalist; who was a producer of art-workmanship, 
hadasked him whether he (Mr. Bereaford Hope) knew what he was 
about; whether he knew the necessity of capital to produce these 
large works, and was he not putting the art-workman out of 
his place? He (Mr. Hope) said distinctly he was not putting the 
&rt-workman out of his place; and he would tell them why. 
Everybody's duty was to be moving оп. It was like the theory 
of the astronomer, that the sun and all the fixed stars were in 
reality revolving round some very distant central sun. He did 
not put the art-workman out of his place, because the capitalist 
who employed that workman, and the purchaser who went to 
the capitalist, had themselves marched on, and he only asked 
that the art-workmen shonld march on by their side. Of course, 
there were many branches of art-workmauship that required 
capital to put them in the market, and he should be а very bad 
friend to the art-workmen if he were to come forward to bring 
down that necessary law of political economy which made the capi- 
talist necessary to put his work in the market,—ay, and necessary 
to give bim the materials with which he could work. All he main- 
tained was, that the development of art education on all sides 
did not destroy the relations between the employer and the work- 
man. It only placed them in a nore satisfactory position towards 
each other. It showed the workman that artistic work was 
wanted from him; and it told the employer that it was right and 
generous that with his name the name of the man who produced 
the work should be connected. Of course, many art-workmenu 
would only be art-workmen alltheir lives. It was an honour- 
able thing to be an art-workman all one's life if one stamped hia 
name on the work. But it was possible that, like Chantrey, а 
man from being an art-workman might become a great master 
and teacher of art, and he was for throwing open the door to such 
a шап, that he might come forward and prove himself a Chantrey. 
He would give an illustration in point. It might be thought a 
trivial consideration, but it would show his meaning. For many 
years past it had been the habit in this country to hold flower- 
shows, at which they saw that Mr. Smith, gardener to Lord 
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Brown, took prizes. Lord Brown was the capitalist, Бов Mr. 
Smith’s knowledge of botany produced the grapes, the melons, 
or the roses which won the prizes. Now, he wanted the art- 
capitalist to be the squire, and the art-workman the gardener, 
He would now pass to the special prizes for the present year. 
He was going to speak plainly. In former years Це Бад Бад 
many pleasures and many disappointments. Не dared to say 
that, in the allotment of the prizes it might have been supposed 
by some that they did not take sufficient account of the small 
number of hours, comparatively speaking, that might have heen 
at the competitors’ own disposal; that they did not take sufficient 
account of the wear and tear of mind which must have taken 
place in the pursuit of their calling. before they could apply that 
wear and tear for their own advantage. They felt, for the pre- 
sent, at least, that they were asking for two things that it was 
hardly right to ask for; at the same time one was a pure and ab- 
solutely original composition; the other that knowledge of mani- 
pulation or practice in art-handling which made the good render- 
ing of the composition manifest its superiority to the bad ren- 
dering of the same. Accordingly, except in one case, in which 
they included composition, they had determined this year to 
absolve their competitors from much of the original composition, 
and only looked to them to give them the best rendering of an 
idea for which the institution was responsible, and they were jus- 
tified in that determination by the results, He asked pardon 
írom those of whom in former years, in their over-enthusiasm, 
they might have exacted too much. 

Mr. Hope then procedeeded to distribute the various prizes to 
the successful competitors, as thus: 

Stone Carving.—Prize 1, £20.—Arthur М. Harris, Ryde, Іше of 
Wigbt; prize 2, £5.—John Seymour, Tower-lane, Taunton ; prize 3, 
£2.— Henry Harrison, 82, Upper Ebury-street, London; extra prize, 
£1 ]1s.— T. , 50, Connanght-terrace, Edgware-road. 

Wood Carving.—Supplementary prize, £10.—W. Wormleighton, at 
Mr. Roddie's, 19, St. James's-street, Birmingham. 

Silver Work.— Prize 1, £15.—W. Holliday, 14, Nailour-et., Islington ; 
prize 2, £5.—A. С. Frantzen, 20, King-square, Clerkenwell. 

Transparent Enamels.— Prize 1, £10.— Frederick Lowe, 18, Wilder- 
nesa row, London; extra prize, £1 1в.--Н, De Koningh, 69, Dean-street, 

о. 
ome Enamels.— Prize, £10.— Frederick Lowe, 13, Wilderness-row, 
ngon, 

Marble Mosaic.—Prize, £10.—George Rooke, 27, Bywater-street, 
King's-road, Chelsea. 

Modelling in Clay (Architectural Union Company).—Prize 1, £5.— 
К. W. Martin, 5, John's-terrace, Olney-street Walworth-road ; prize 2, 
£2.—J. W. Gould, 33, Bayham-place, Camden Town. 
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ON ARCHED ROOFS.* 
Ву С. В. Vox Wessety. 


THE present paper does not aspire to exhaust the very inte- 
resting subject of arched roofs as it stands at present before the 
profession. Its purpose is only to describe some structures of 
this kind recently carried out with success, and to make a few 
comparative remarks upon their main features and merits. In 
offering the same to this society it is the hope of the author to 
elicit valuable criticism from different quarters, and by a dis- 
eussion of a subject on the theory and practice of which very 
little has been published hitberto, to throw more light upon the 
many important questions connected therewith. It is a deside- 
ratum universally felt in the engineering profession, to have aa 
complete as possible a collection of the designa and details of 
important engineering structures ; а contribution towards such a 
collection, however incomplete, may not be thought out of place 
before a society entirely devoted to the advancement of engineer- 
ing science. 

Arched roofs are the production of the conjoint requirements 
of beauty and strength. So long as the roof is destined to serve 
as а mere object of utility, an engineer would spend very little 
trouble in designing fine outlines and selecting noble proportions. 
Economy of material and workmanship dictate such plainness of 
design, that, firstly, the engineer shall be able to take out the 
strains so minutely as to reduce the sectional area to a minimum ; 
and secondly, that the roof is carried by itself and does not 
induce any transverse strains in the structure supporting it. 
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The usual triangular principle is adopted in such cases. It isa 
very different matter when a roof is to be made for an archi- 
tectural buildiug, for instance a large hall, where it is often the 
main feature of the structure. Fine outlines and simplicity, two 
main components of noble appearance, will be required most 
particularly. No obstructions to the view, aa ties, struts, &c., 
are admissible. Architecture having been always represented 
in stone, forces ita newly acquired material, iron, into the cus- 
tomary shape of the pure arch. A more or less powerful hori- 
zontal thrust has now to be provided for, and a certain deficiency 
in the practicability of minute calculation of strains under unequal 
loads, must be compensated for by the sound judgment of the 
engineer. Many different arrangements can be embodied in the 
structure supporting arched roofs, for taking the horizontal 
thrust, but no rules can be given forit. In each separate instance 
the arrangement must be adapted to the peculiar nature of the 
case, and depends for its degree of perfection entirely upon the 
skilful design of the engineer. A few words on scientific inves- 
tigations with regard to wrought-iron arched ribs, may not be out 
of place, before beginning the description iteelf. 

The calculation of strains in arched roofs is one of the most diffi- 
cult mathematical problema in engineering, partly on account ot 
somewhat complicated principles on which а thorough investi- 
gation should be founded, partly on account of а great variety in 
the position of the different parts of the structure. Unfor- 
tunately there is very little information on this subject to be 
found in English engineering literature, and not much more in 
that of other nations. The following is submitted aaa means of ap- 
ре investigating the stability of wrought-iron arched ribs, 

It is well known that the way of пасаг аре the stability 
of a stone arch is to draw the curve of equilibrium, which 
must remain within the depth of the voussoirs of the arch. 
This is not necessary іп the case of iron-arched ribs, which can 
be strained by tension as well as compresaion. 

The outer forces which act upon an arch are, 1, its own 
weight; 2, the vertical; 3, the horizontal pressure due to the 
resistance of the abutments; the latter is transmitted unaltered 
through the whole of the arch, since there is no other horizontal 
strain acting upon it but that of the abutments ; 4, the pressure 
of wind and snow. : 

In every arch there mnst be somewhere one particular point in 
which this horizontal strain is not co-existing with any vertical 
force; therefore, if we cut the arch through this point in two 
pieces, in either of them the state of equilibrium will be con- 
served, by replacing the action of the other by that horizontal 
strain, This point 1s coiucident with the point of action for the 
resultant of all the vertical forces acting on the whole arch. 
Thus, in an arch under its permanent load, the section before 
mentioned will be at the crown ; in an arch under both its per- 
manent and unequal loads, it cannot lie in its crown. The curve 
of equilibrium passes through the section with its vertex. 

The way to find the horizontal strain is as follows:—Given a 
semicircular arch, loaded on n points, whose horizontal distances 
from the left-hand springing are 2, z,...... zm with weights 
Р, Ру Рэ.“Рт accordingly, and х on the distance of the vertical 
section before mentioned, we find 


Pt +P ey. Біра ат = =Hy, 


where H is the horizontal strain, and y the rise of the curve of 
equilibrium. 


This equation ( WI == Hy) does not determine H or y, 


but assuming one of them it ascertains the other. 

By taking yz" (the height of the neutral fibre in section т) 
the vertex of the curve is drawn through point C (Figs. 1, 2, 
3, Plate 14); Н is thus determined, and section т is іп сошргев- 
sion according to H. 

It is quite clear that not all the other points of the curve will 
іп this case fall within the neutral fibre of the arch, but will take 
the position as shown by the dotted line, though it must go 
through the supports. This causes a tendency for point B to 
move in the direction of the arrow; and strains in the flanges 
at that place will be effected accordingly. 

If the flanges of the rib in B should really not be strong 
enough to withstand this strain, there is no necessity yet that 
they should break, but the case will be as follows :— 

y" = y is assumed so that the curve of equilibrium passes 
*hrough 5 and renders this point to be Кара: in compression. 
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y^" 
and acts on a lever=y,", ог in regard to section m on a lever 
y,"—y", and will effect a compression in tbe upper flange and 
а tension iu the lower one at this place. Thus the fact that the 
section at B is in mere compression is conditional, and depends 
entirely on the presence of the said strains in the flanges at 
section m. In respect to these considerations, it is certain that 
Stability and rigidity of an iron arched rib can be fulfilled by 
different arrangements. 

Although it appears strange at first sight that in an arch, of 
which the architectural outlines are given, there should һе no 
restriction in assuming the rise of the curve of equilibrium, 
according to which the different sectional areas could be deter- 
mined, and that nevertheless the stability of the structure can 
be effected. This will become obvious from the following 
example :— 

Given an elliptical arch, in which the different areas in flanges, 
&c., have to be determined. The distances of the points where 
the load acts, and the loads, are determined. Thus the equation 
3p <-- Ну can be formed, by which it can be seen that Н, the 
horizontal strain, might be taken ad libitum, and that y will then 
be ascertained according to the equation. For instance, y may 
be taken equal to а!, which is greater than the rise of the arcb, 
the vertex of the curve will be in C’, and its branches will go 
through the points of support, as shown in sketch. 

Н! is determined by putting а! for y in the equation. The 
pedon of this curve leads to the remark, that in the crown, 

ides the horizontal strain H,, which is transmitted through 
the structure and taken by the abutments, there will be a 
certain tension in the lower, and a compression in the upper 
flange, due to H, acting on the level CC,; and that, following the 
line of the curve from C, towards A, or A, there is a point Қ оғ 
В on each side, where the curve of equilibrium intersects the 
neutral fibre of the arch, and where only compression exists. 

The segment between B, and В, therefore acts ав а girder, 
while the joints at these points could safely be replaced by hinges 
as long as the load is equally distributed. The abutments will, 
in this case, react with a horizontal strain equal to Hj. 

Now, instead of the abutments, a tie may be supposed between 
A, and A, and a screw in it, to effect any required horizontal 
strain on these points, and it may be arranged зо that this hori- 
zontal strain в Н, By putting this Н, into the equation, the 
calculation gives y=a,, which is smaller than the rise of the arch. 
A, C, A is now the curve of equilibrium. 

‘The horizontal strain H, is transmitted through the crown 
unaltered, but, besides this, there exists at the crown tension in 
the upper and compression in the lower flange, due to H and the 
lever Ec, on which it acts. According to the curve assumed in 
this case, the whole of the arch will act as a girder under forces 
acting upwards, and the dimensions of the flanges and diagonals 
have to be determined accordingly. 

No doubt, by means of the supposed crew, a horizontal strain, 
Н, can be applied to the arch, so that the corrosponding y becomes 
equal to the rise of the arch a, in which the entire section at the 
crown is in compression due to the force H. In other words, by 
meaus of a tie and a screw in it, the curve of equilibrium can be 
forced to pass through the crown, or through any other point in 
the vertical C! СИ, and if the material is distribnted in the strac- 
ture according to a certain curve of equilibrium, it will nable 
the abutments to bear the horizontal strain belonging ta this 
curve. 


On the other hand, this does not require that a vale 


H is determined by the equation H,= 


arched rib of a certain shape must have abutments of a cer hi 
strength, there being even a chance for the stability of an а 
without any abutment or tie. The only consequence of thias 
that the rise of the curve of equilibrium becomes Qo, and t B 
horizontal strain by the equation becomea 0. 

Тһе crown of the arch will, therefore be strained as if it 
the centre of а straight girder of the length АА, Now 
question arises, which curve of equilibrium, among 80 
which do not exclude a chance of constructing the arch, w 
that one according to which the least quantity of mata 
required 1 

Although the solution of this question with mathe 
accuracy 18 a matter of almost impracticable complexi 
following consideration leads to а suificiently practicabl 
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namely, it can be proved by simple calculation and by many 
instances of practical engineering, that а certain load distributed 
over a given space can be supported in a more profitable way by 
ап arch in which only compression prevails, and which rests 
between abntments, than by a straight girder. Therefore it is 
more profitable to arrange the material in a structure so that it 
is strained only by compression than to have compression and 
tension co-existing in every part of the structure. 

From this truth a rule сап be derived to lay the curve of 
ората so that its points may be as close as possible to those 

the neutral fibre. 

The further calculation of strains in the different parts of the 
structure (flanges and diagonala), can be dealt with bystarting the 
an intersection of the curve of equilibrium with the neutral fibre, 
where the strain is known from the curve and continuing by pro- 
per combination of this strain with the vertical loads. 


Syvpgewsam CRYSTAL PaALAcE Roor. 


"There are two roofs of similar construction, but different span. 

The principals are, in both roofa, arranged in pairs, being 24 
feet apart in each pair, but the pairs leaving a clear space of 72 
feet between them. The 190 feet span roof is to be described 
firat, the alterations of dimensions in the 72 feet one to be given 
Afterwards, and details being quite alike in regard to their 
general arrangement, 

The principal of this roof is very peculiar in its construction. 
It is au arch of such a depth that it carries partly аз a girder, 
throwing upon its supporting structure а comparatively small 
horizontal thrust. The outer and inner outline of the arch is & 
perfect semicircle, struck from the same centre, the rib has there- 
fore throughout an equal depth of 8 feet—the inner radius being 
52 feet, the outer one 60 feet. The rib consists of a bottom and 
top flange, each consisting again of two L irons, 6 inches by 36 
inches, and а £t inch plate 10 inches wide having an available 
sectional area of 94 square inches. These flanges are throughout 
the ene of rib of equal cross section, and are connected to- 

ther a double lattice-work made of flat diagonal bars. 

ach side of the rib is divided into eleven equal parts, between 
its spriuging and its centre. Each of these parts contains two 
diagonals one above the other, and struts radiating to the centre; 
one of the struts being a cast-iron distance strut carrying pur- 
lius and connecting them to main rib. Тһе other is a wrought- 
iroa strut made of two channel irons 4 inches by 14 inch by 
| шев, having two distance pieces rivetted between them. The 
joints in 6 inches by 3 inches L, irons are made alternately at in- 
tervals of about fourteen feet, proper distance pieces filling out 
the 33 inch space between L, irons, its { inch rivets act only with 
single shearing area, At intervals of about 1 ft. 9 in., distance 
pieces are put between L, irons, and fixed also by 2 inch rivets 
аз іц W I struts. The diagonal bars are throughout 4 inches 
wide, 8 inch thick with an available sectional area of 1:2 square 
inches running always through two diagonals, and are not 
straight. But they are, for the aake of architectural appearance, 
во arranged that they cross exactly in the middle of rib, and іп 
one fourth of its depth from its outer and inner outline. They 
are connected at intersections by a ee rivet. A round orna- 
mental knob, made in two halves, being connected together b 
inch tap screws, covers this joint. The ends of diagonals 
and W I struts are connected with the L, irons by a 1} inch bolt. 

The cast-iron distance struts are shaped квота to the W I 
structure, which they have to strengthen, and according to the 
cautiron ead pieces of purlins, which are bolted to them by six ог 
four $ iach bolts, as they belong to the 6 feet or 3 feet deep purlins. 

The strut Баз accordingly a cross section of 7 square inches 
sectional area, Из 8 inch web is widened out to a pocket for 
letting the diagonals through, intersecting at this point. The 
web at top and bottom of strat is brought out to two lugs, which 
fit with a washer between the two angle-irons, aud are each 
bolted to same by one 14 inch bolt. Proper bosses are cast on to 
the web for eight 4 inch bolts connecting purlins to same. 
Underneath these struts, ornamental pendants of 5-16ths 
ineh metal, are bolted to soffit of rib by four 4 inch bolts. There 
are two kinds of purlina, one kind being 24 feet long and 6 feet 
deep, and the other 72 feet long and 3 feet deep. The first serve 
for bracing each two ribs of one pair together, the others act as 
pure purlíns between each pair of ribs, that is, they have the only 
distinction to support the intermediate rafters. 

The 6 feet deep рава consist of a top and bottom flange of two 


three 
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L irons, 3 inches by 2 inches by 4 inch of 2 square inches available 
sectional area, they are connected by wrought-iron struts and 
double lattice work. Besides carrying intermediate raftera, they 
serve as bracing of main ribs for giving them lateral stitfness, 
The struts аге 8 feet apart, and consist of two J irons, 2 inches 
by 2 inches by ¢ inch, with 14 inch available sectional area, 
having between them in all cases two diagonals, one above the 
other, similar to the lattice work in main rib, The diagonals are 
flat bars, 3 inches wide, 5-16ths inch thick; they are straight, and 
run always through two divisions of 8 feet. At their ends proper 
cast-iron distance struts are fastened to L, irons by one if inch 
bolt, the web is again widened out properly to a pocket for 
receiving ends of two diagonal bars, which are each rivetted to 
casting by one $ inch rivet. The 3 feet deep purlins serve only 
for carrying the intermediate ribs. They consist of a top flange 
of two L irons, 4 inches by 2 inches by} inch, 244 available sec- 
tional ares in centre, and a bottom flange of two flat bars being 
at end, 44 inches by 8 inch in centre, 44 inches by } inch, with 
488 square inches available sectional area, These flanges are 
connected by vertical struts 8 feet Apart, and diagonal tie bars, 
decreasing in the three diagonals next to end from 11-16ths inch 
thickness to 4 inch, to 5-16ths inch to | inch. They are respec- 
tively fixed to top and bottom flanges hy a 1} iuch, 1j inch, 
1 inch, and $ inch bolt. All bars 4 inches wide (the struts are 
of cast-iron of a X cross section, 2 inches by 2 inches by $ inch); 
diagonals of wood are put across the diagonal tie bars, 4 inches 
wide, 4 inch thick, fastened by 8 inch bolts. 

Both purlins carry above each strut an intermediate rafter, 
having the same outline as the main rib. It із made of a } inch 
web plate 1 foot high, in length of abont 8 ft. 5 in., with a top 
nnd bottom flange of two L irons 2 inch by 2 inch by | inch in 
length, of about 16 ft. 10 in. with 14 square inch available sec- 
tional area. А special arrangement із made for bracing purlins 
sideways to these intermediate ribs. The purlins at each bottom 
end of their vertical struts are suspended, as it were, by two 
hanging rods, to points of the intermediate riba, being just in 
the middle of two bearings or purlins. For that purpose, a cast- 
iron shoe is fixed to the bottom L, irons of rafters at those points, by 
four 4 inch bolts of a proper shape, to fix on it the ends of the 
hanging rods, § inch in diameter, by keys. The other ends 
are widened out to an eye fixed to the bottom flanges of the 
6 feet or 3 feet purlins by the bolts fixing end of the vertical 
вігаб to the same. Тһе details of this connection are for both 
ра the same, except the altered angle of the hanging rods: 

ext to each of the cast-iron end struts of purlins a kind of 

ket is rivetted on by eight 3 inch rivets, consisting of two 
ос plates, with two 1} inch thick distance pieces between 
them, for receiving the ends of wind ties, flattened out to eyes, 
and fixed by one 14 inch bolt each. The wind ties are, through- 
out, ronnd rods of 14 inch diameter, and form the diagonal 
bracing between main ribs. At the point where they cross each 
other they are connected by a ring, to which each end of the 
four is screwed in the usual way. The ring is in this case of cast 
iron, and has a sectional area of 98 square inches, strengthened by 
proper boeses round bolt holes, and besides by two wrought-iron 
rings of 1 inch sectional area, put on while red hot. This con- 
aa serves for bringing strain on to these diagonal bracing 

[3 

The covering of this roof is entirely of glass, on the “ridge 
and furrow” principle. The main and intermediate ribs carry 
wrought-iron gutters, 9 inches wide at the top, 7 inches at 
bottom, 4 inches deep. They are rivetted to top L irons of ribs 
with 4 inch bolts, about 9 inches apart alternately, and to inter- 
mediate maiu ribs by 8 inch bolts in the same way. Tothe edge 
of this gutter an | iron 14 inch by 14 inch by 3-16ths of ап 
inch, is rivetted on, and to this а piece of wood 1} inch by 
9% inches is fixed by § inch screws, about 6 inches apart. Into 
this piece of wood the ends of tho sash bars are let in nbout 
1 foot apart; the top being fixed to the ridge. This miniature 
roof runs right along the whole rib, from the main gutter up 
to lower standards of ventilator, and is hipped аб its ends. 
The main ribs, as well as intermediate ones, carry at their 
crown, over the cast-iron distance strut next to a centre, а 
louvre standard of cast-iron, 5 ft, 104 in. high, of M cross 
section. The sides are filled in with wood, to which the louvre 
plates are fixed. 

The ventilator is covered, as the other parts of roof, by a 
nuniber of similar small hipped roofs, formed by mere slanting 
sash bars, having in this case only wooden gutters, each 
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supported by the standard іп centre of each rib. The outer 
standards of ventilator are kept up by a diagonal bracing running 
from each to the other, consisting of Ф inch round rods, 
passing through a slotted hole spaced out in the middle one. 
At the base of outer standards a wrought-iron gutter runs 
along, supported by wood boarding, for conducting the water 
which drops down from the ventilator covering to gutters on 
top ribs. The main rib weighs 10 tons. The рогроз which 
аге 6 feet deep, weigh each 12 cwt.; those 3 feet deep weigh 
each 1 ton 4 cwt. Total of ironwork in one bay of 86 feet 
weighs 61 tons 3 cwt. Each of the main ribs is supported by 
two columns, 8 feet apart, so that each of the flanges starts 
over one of the columns. This is effected by means of a cast- 
iron square frame, 8 ft. 8 in. wide, and 8 feet high, bolted to 
top of each column by four 1 iuch bolts, and also by four 
l inch bolts to top of girder, connecting top of columns. It 
consists of two pieces of the same section as the columns, 
counected Буа 2 inch web with a large circular hole taken out 
in the middle and smaller ones in the corners. Proper flanges 
are cast on to the top coruers of it, to which each of the flanges 
is bolted on by six 1% inch bolts, by means of a strong bracket. 
The cross sections of this frame, through the weakest part of 
the columns, has 253 inch sectional &rea—columns being of 
8 inches outer diameter, octagou 1 inch thick, the web and its 
flanges 4 inch thick. The parts of frame acting as bracing to 
the angles has 9 inches sectional area. Appropriate pockets for 
receiving ends of diagonals are constructed in the upper end 
of web, the outline of which is shaped like that of cast-iron 
distance struts, The two diagonals in the middle are fixed to 
it by one 12 inch bolt, and the diagonals at springing of 
flanges by one 1 inch bolt each On top of outer column of 
frame lugs are provided for fixing s din of 6] inch inner 
width uuder water outlets of main gutter by four 2 inch bolts, 
with 1 ft. 2 in. by 5 inch waterway. The main gutter runnin 
along the whole roof is, on the average, 1 ft. 9 in. wide an 
11 iuches high. It is cast iu lengths of 7 ft. 114 in, 7-16ths 
of an inch thick, the joints being made by eleven 8 inch bolts. 
The intermediate ribs are supported by cast-iron standards 
8 feet high, which rest on one deep cast-iron girder 3 feet 
deep and 23 ft. 34 in. long, which serve in the whole building 
as bracing and floor-carryiug girders between columns 24 feet 
apart. Such girders brace the columns aleoright under the flanges 
of main rib lengtliways. The before meutioned standards have 
the section of half a column of 9 inches diameter, are of ё inch 
metal, and widened out at the top to a bracket, on to which the 
base of intermediate rib is bolted by six 4 inch bolts. The lowest 
of purlins connected to top of frame supportiug main rib is also 
conuected by four 4 inch bolts to this bracket, and proper lugs 
nre cast on to the top of atandard for fixing a bracket, by four 
3 inch bolts supporting maiu gutter ateach 8 feet. The horizontal 
thrust of the main ribs is transmitted by the cast-iron frame to 
the systein of columns connected by cast-iron girders as described 
before, and well hraced by diagonals fixed to ends of girders by 
meaus of keys. 

At the intersection of vertical diagonals a similar adjusting 
connection with a ring aud screws, as for wind ties, is applied, the 
whole being covered by an ornamental joint cover. Тһе entire 
supporting structure up to the frame being very rigid, and 
besides loaded heavily by having on the girders below floor level 
on one side a fire-proof flooring of brick arches, and on the other 
side cast-iron girders fastened to brick foundations, takes easily 
the thrust arising more from wind pressurethan from the weight 
of the roof, which is certainly taken partly by the rib itself, it 
being of so great a depth. Тһе rain water is carried off in the 
usual style by the hollow columna, 

The smaller roof is very similar to the larger one, as already 
stated; the dimensious of the details being altered only. The 
principals are arranged in pairs, being 24 feet apart, each pair 
having a clear space of 72 feet between. The rib of principal 
has an equal depth throughout of 8 feet, the outer and inner out. 
line of it being struck from the same centre respectively, with a 
radius of 36 feet and 28 feet, its curve is a true semicircle. The 
top and bottom flanges are connected by flat bar diagonals, 
wrought and cast-iron struts. The flanges consist of two L-irons, 
4 inch by 4 inch by 4 inch, having an available sectional area of 
6:36 inches. The diagonals are throughout flat bara, 4 iuches wide 
by 45 inch, having an available sectional area of 1 inch. The 
vertical wrought-iron struts are channel irons, 4 inches by 14 
inch by $ inch, with available sectional area of 1:37 iuch. h 
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of these struts And diagonals are connected by one 1 inch bolts to 
the flanges, |, irons are jointed іп lengths of about 25 feet alter- 
nately, The arrangement of lattice work is the same as in large 
roof; pendants being fixed underneath them to soffit of rib in the 
same way. There are also two kinds of purlins, 6 feet deep; 
nearly 24 feet long, and 3 feet deep ones nearly 72 feet long. The 
construction and dimensions of them are like those in large roof. 
The intermediate ribs are of the same construction and dimen- 
sions ав on large roof; so is the arrangement of gutters fixed on 
top of it, and the covering the same. Тһе arrangement of 
bracing and wind ties is also similar to that of the large roof; 
the ventilator is also the same. The main rib weighs 44 tons; 
one purlin, 6 feet deep, weighs 12 cwt.; one purlin, 3 feet deep, 
weighs 1 ton 4 cwt. . 

Iron work of roof only in one bay of 96 feet, that is from 
ceutre of one pair of main ribs to the centre of another pair of 
them, weighs 25 tona. 

The main rib is supported by strueture similar to that of the 
large roof, that is by а frame formed by two shorter pieces of 
columns connected by a web. To the outer one is the main 
gutter fixed of same dimensions as on large roof. Тһе intermediate 
ribs are also like those of large roof supported, all the details of 
connections being the same. Тһе 72 feet truased purlins used in 
these roofs are the same trusses that were used for carey log the 
roof over the nave of the Great Exhibition of 1851. А large 
portion of the columns and girders, also employed in the Syden- 
ham Crystal Palace, are the same as were used in the Great 
Exhibition building. 


Marin Авснер Бооғ or тне Dosiiw Ехивтгом PALACE AND 
WINTER GARDEN. 


The area devoted to the portion of the exhibition covered by 
this roof is 218 ft. 10 in. hy 50 ft. 6 in. The space occupied by 
the Winter Garden, which is covered by a similar kind of roof, is 
353 ft. 6 in. by 50 ft. 6 in., having a transept 33 ft. 8 in. wide and 
50 ft. 6 in. long. These two areas are divided respectively into 
thirteen and twenty-one bays of 16 ft. 10 in. It is proposed to 
consider the various details together, that is to say Ше roof 
proper, comprising the principals, purlins, and covering, and the 
supporting structure, with the arrangements for taking the 
horizontal thrust. 

The outline of the arched rib principal is semicircular, the radius 
of the intrados being 20 ft. 64 in. and the extrados 28 ft. 1} in. 
The rib is thus at its crown 1 ft. 6 in., and at its springing 2 ft. 
8 іп. deep. It consists of a bottom and top flange each of two 
L-irons 24 in. Бу 2$ in. by 8 in. throughout its length, connected 
together by diagonal bars, The four diagonals next to the crown 
of the rib are 24 inch by та inch, the next three are 23 inch by 
$ inch, then follow three of 3 inch by $ inch, and the last three 
are 3] inch by 9-16ths of an inch, the rivets for connecting the 
diagonals to the flanges being 2 inch, % inch, and 1 inch diameter, 
according to the strength of thediagonals. At theirintersections 
the diagonals are connected by } inch rivets. At each point 
where the dimensions of the diagonals vary the purlins are fixed. 
There are therefore three purlins on each side exclusive of the 
ridge purlin at the Фр Тһе purlins are of cast-iron, and their 
construction is well adapted for securing water-tight joints where 
the covering is fixed to them. They are cast in lengths of 
16 ft, 10 in., 94 шей iu height, and Binch thick, the bottom flange 
being $ inch thick. The web of the purlins is ornamentally 
perforated, the perforations being glazed, and joints of the 
purlins chipped. For connecting the purlin firmly to the rib 
and to give it a certain amount of lateral stiffness two огпа- 
mental brackets are fixed by four bolte, 1 inch diameter, to 
the rib, so that one end appears to support the purlin to which 
it is well bolted, and the part fixed to the rib being $ inch in 
thickness acts as а stiff strut. 

Under each of these brackets of 8 inch metal an ornamental 
finial is fixed to the soffit of the rib, on which а 7 feet by 
$ inch board is fastened to cover the open space between |. 
irons, The two upper bolts of those connecting brackets to 
riba serve for fixing the wind ties, the ends of which are 
flattened down in the usual way, and have right and left-hand 
screws for adjustment. 

The roof of the Exhibition Palace is covered with Italian zinc 
and glass, The zinc is No. 14 gauge on rolls 3 inch by 14 inch, 
about 1 ft. 24 in. apart. The winter garden is covered with glass 
on sash bars 2} incb, and 2% inch by 14 inch, about 1 ft. 24 in. 
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apart. The glass or zinc overhangs centre of top fane of purlin 
4b inch. The ventilation in this roof is effected by a novel 
arrangement at the top. The ribs carry in their ceutre cast irou 
standards, which are connected at the top on each side by опе L 
iron 33 inch by 38 inch by $ inch, for supporting the covering 
and giving them lateral stability. The space between these two 
angle irons is used for ventilation, and can be opened or shut by 
means of a valve consisting of a piece of convex sheet iron fixed 
to a spindle running along the roof and having a bearing in each 
of the cast-iron standards. At certain places pulleys and balance 
weights are fastened to the spindle, from which a cord goes down 
to the floor of the building. By means of this cord the spindle 
and valve can be turned, and the opening or shutting of the 
ventilator controlled. The whole apparatus is covered by a piece 
of corrugated zinc forming the ridge, and fixed on small cast-iron 
supports. 

The main ribs weigh each 2} tons. The weght of the purlins 
in one bay is 1 ton 1 cwt. 21 lb, and the weight of brackets for 
one bay ia 5 cwt. 421b. The entire weight of wrought and cast- 
iron in опе bay, exclusive of covering, is З tons 14 cwt. Each of 
the riba is supported by a cast-iron column, 45 feet high from 
floor level, іп three lengths, There are other series of columns 
32 feet high in two lengths, 16 ft. 10 in. apart from the columns 
supporting the main roof, thus furwing squares of 16 ft. 10 in. 
Тһе firat tier columns carry at a height of 15 feet cast-iron 
girders 2 feet deep, with ends widened out to brackets supporting 
the flooring of the gallery. Ata height of 32 feet they carry а 
cast-iron arched roof of 13 ft. 5 in. clear span. The inner columns 
support the ribs by brackets which are cast on the clerestory 
ае the inner curve of which completes the semicircle of 
24 ft. 6} in. radius. The base of the rib is simply bolted to the 
top of springers with No. 6 1-inch bolts. 

Тһе horizontal thrust is transmitted by this bracket, and а 
flying bnttress is fixed to the column. The cast-iron principal of 
small roof is fixed to the inner and outer colamns by bolts. This 
thrust tends to overthrow both columns outwards from the top, 
but they are strongly connected under floor level by a cast-iron 
girder 1 ft. біп. deep, and thus form, with the upper gallery 
girder and the arched roof, a strong frame. By having the 
connections made sufficiently strong, and the columns increased 
in thickness at the required parts to enable them to bear the 
transverse stiain, this frame becomes perfectly rigid, and takes the 
horizontal thrust without the aid of diagonal bracing. 

The columns are cast in two lengths, one portion extending to 
the top of the gallery pen andthe other to the lower and upper 
gutters in the first and second tiers. They are connected by four 
l-inch bolts, two of which fasten the tie-rods for the diagonal 
thrust of gallery flooring directly to the column. The greater 

t of the permanent abd moving load of the gallery is thus 

ught directly on to the columns, and the gallery girder is left 
to take the thrust of the ribs. Тһе columns are nearly alike, 
and have a uniform cross section. 

The capital of column supporting springing of cast-iron side 
roof is formed by bracketa projecting from each side, leaviog the 
colamn itself to pass throngh. The water is carried off from the 
gutters of the main roof by the columns. The two sides acting 
as flanges in relation to the transverse strain arising from hori- 
zontal thrust is 1 inch thick, the remaining two sides аге 8 inch 
thick. The longitudinal girders of the gallery are connected to 
the columns by dovetails cast on the colnmns at each end, fitting 
Ínto corresponding grooves cast in the ends of columns allowing 
$ inch space, which is run with lead. 

The bottom girders have 58 square inches sectional area in 
the top and bottom flanges, and are widened out at both ends 
во as to form a sort of square box, to which the base of the 
columns are attached by four 14 inch bolts. The colnmns 
with boxes and girders rest on foundations of concrets. The 
flying buttress is composed of several pieces, the jointe being 
applied so as to secure correct action and good workmanship. 
The weight of iron work in one bay of supporting structure 
is 7 tons 18 cwt. 


Авснко Rooy or THE Dersy Marker HALL. 


The area covered by this roof is a squace space 192 feet 
long and 88 ft. 6 in. wide. Jt is divided into eight bays of 
94 feet each. The roof is hipped at both ends, and therefore 
there are only five ordinary principals of 81 ft. 5 in. clear span. 
The principals consist of wrought-iron arched ribs, the inner 
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and outer curves being true circles struck from the same centre 
with radii of 43 ft. 9 in. and 41 ft, 5 in. respectively, the springing 
of rib being 7 ft. 6 in. above centre, The height of rib at 
crown is 62 ft. 10 in. above the floor level. The wrought-iron 
rib is of the same depth throughout, and consists of a plate 

irder with а inch web, and top and bottom flanges of two L 
irons 34 by 3$ by 7-16tha. 

At every alternate supporting place of the purlins the web 
is joined by means of a joint plate 1 ft. 9 in. by 10$ inches by 
4 inch thick, which plate is also rivetted on to the web at 
the other purlins as а strengthening plate. Angle irons extend 
always over two lengths of web. The web is ornamented іп an 
original way. А neat design of holes is punched out of the solid 
plate, leaving the material intact, where it acts in a similar 
manner to diagonuls. As holes show much better than mere 
lines or raised ornaments, the effect is much more powerful; 
besides, it seems the only right way of ornamenting a plate girder, 
because the main construction lines, adapted to certain scientific 
laws, are not only left intact, but even brought out to a greater 
extent. Ornamentation by casings and ornamenta stuck on may 
be sometimes really required, but if the real ТОРЫНА озер 
can be made in itself good looking its merit is by far greater. 
These holes (about 6 inches in diameter, the larger ones) were 
punched out by a simple screw press, with long levers and heavy 
weights attached to them. When brought once into the swing 
the mere momentum suffices to drive the punch throngh the plate, 
which is 5-16ths inch thick. The base of rib is horizontal, 2 feet 
long, while the top flange is 2ft. 5 in. above, carried vertically down. 
It is fixed by eight 1 inch bolts, on each side of the web, to the 
supporting cast-iron column, the angle irons of the bottom flange 
being carried round horizontally for that purpose. Rivetting is 
done throughout with 3 iuch rivets, about 4 inch pitch. A board 
82 inches wide by 1 inch is fixed to soffit of rib for mere appearance. 
The rib carries wrought-iron lattice purlins, at intervals of 
6 ft. Эш. On each side of such purlin a cast-iron strut is fixed 
to rib and palin by six 4 inch bolts. By this connection the pro- 
jecting of the purlins beyond the ribs is prevented. 

The purlins, which are 23 ft, 10 in. long, and 1 ft. 6 in. deep, 
are radial, and are connected to the main ribs by means of the 
cast-iron end struts of 8 inch metal by two Zinch bolts. They 
consist of a simple truss, the top and bottom flange of which are 
each formed by two L irons 3 х 3 x & inch. The top flange is 
also connected by two 2 inch bolts to top flange of main rib. 
Cast-iron struts, 3 feet pitch, and flat bar diagonal bracing 24 
inch wide, increasing from ф inch to 8 inch, and} inch in thick- 
ness, connect the flanges of the truss Бу 3 inch bolts serving аз 
pins for diagonals. ooden diagonals are also used for giving 
the appearance of a complete diagonal truss. The purlins sup- 
port at each strut a wood rafter 6 inch by x 3 ірсһ. Each 
alternate strut is so enlarged as to form brackets connected to 
the wood rafters by 8 inch bolts, which are employed to keep 
the purlins in their radiating position. The other struts are 
brought out at the top to mere lugs fixed to rafter by § inch 
coach screws. 

On the top of the main ribs a piece of wood 54 inches X 3 
inches ia fixed for nailing the 1 inch boarding thereto. 

The 1 inch boarding is coverod by Italiau zinc near the crown, 
and at the lower part by slates. А portion of the roof is glazed. 

The ends of the roof, it being hipped, are formed by ribe, 
which are in general constructed like the ordinary ones, but 
stronger in cross section. 

One ordinary rib weighs 5$ tons; weight of purlins, standards, 
&c. for one bay, 93 tons. lron work for one ji of roof weigha 
14% tons. 

Each rib is supported on a cast-iron column 23 feet high from 
floor level to bottom of gutter, of an octagon section, and 14 inch 
thickness of metal. The base is also octagon, 2 ft. 10 in. high, and 
at the bottom of 9 feet inscribed diameter. At а height of 19ft. 
Тіп. from floor level it widens out into an octagon capital of 
2 ft. 9 in. inscribed diameter at the top. The base is plain. The 
top is a little ornamented by a kind of raised leaves, Above 
that the column widens out into a kind of flat box, 4ft. 2in. 
high, with a bracket in front supporting the horizontal plate to 
which the L-irons of base of colums are bolted. Тһе horizontal 
plate extends over the middle of the continued column, leaving 
on each side of bracket oblong openings for receiving outlets of 
gutters; the column changes above this horizontal plate into a 
vertical piece of I section, 1 ft. by 104 in. by 7$ in, by 14 in., 4 ft. 
4in. high. The vertical part of the base of rib is bolted, as already 
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mentioned, to the inner flange 10} inch wide. The b i 

front, being only a mere web, is hidden by a casing, Copan m 
an ornamental bracket of the same thickness as the flat box 
forming part of column, which is in elevation shaped like the two 
brackets beh aril the outlets of gutter on each side of column. 
The gatter joins the column by а semi-elliptical arch forming 
the outlet. The casing is here required for the sake of appearance 
and for saving a соге, То the back of the upper part of column 
(supporting outlets and the upper flange of the I iron), a frame 
11 ft. 6 in. long is fixed by six 1 inch bolts. It consists of an 
arch of 5 ft. 110. radius of bottom outline, with a pretty filling- 
in ornament, and on the top a square frame 2 ft. 6 in. deep. All 
the main flanges are 8 inches wide, $ inch thick, only the upper 
flange of frame 1 foot wide by 4 inch, web being 4 inch thick, 
i. one ona of me Dae is suitably provided with a vertical 

жө and a lug at the bottom, for restin i 

besides bolted to it by four 1 inch bolts. Е EE 

This frame would apparently transmit the horizontal thrust to 
the walls enclosing the hall, but that is not the case. The hori- 
zontal thrust is in this roof taken bya very peculiar arrangement. 
On the top of the frames just deacribed, on each end strong boxes 
are cast on, each of which contains a pin dropped into it from 
above. These pins connect the ends of dingonal bracing rods, with 
eyes on one end and key adjustment at the other. Along the 
outer boxes a wrought-iron flange runs throughout the length of 
the building; decreasing towards the end in strength, the diagonals 
increasing towards them. This flange, consisting of four plates, 
1 foot by 14 inch, and two L-irons, 3 inch by 3 inch by 4 inch in 
centre, is connected by the pins to the diagonals. On the other 
hand, the gutter acts as the other flange of this horizontal girder, 
and is made sufficiently strong, being cast 1g inch thick. The 
single leugths of gutters are connected together by means of eight 
2-inch bolta, being equal in sectional area to the strength of the 

utter, of course piercing the web of the I-shaped part of column. 

е gutter being of cast-iron, and sumetimes exposed to tensile 
strains, requires, therefore, the above-mentioned area. There are 
eight diagonals, one for each bay, the dimensions of the rods in- 
crease from the centre towards the ends, The diagonals having 
to sustain just the same as the flanges contrary strains must be 
adde се 2 ripe ав them, because they can only act 

; e hi i i | 
Е р of the roof only simple ties аге ге- 

The roof offering in its longitudinal direction a very great 
resistance, renders it unnecessary to provide for an extra hori- 
zontal thrust arising out of the wind-preesure, &с. 

The gutter, being 1 foot by 54 inch deep, 1 foot wide, and 23 
feet by 4 inches long, 1$ inch thick, has in distances of З feet 
small shoes cast on, which receive the ends of the intermediate 
rafters 6 inches by 3 inches. The raftera are placed across the 
12 foot corridor at a proper slope, laid with 1 inch boarding, and 
covered, like the large roof, with slates. The other ends of these 
rafters rest in shoes on the wall surrounding the hall. The 
gutter is covered by a snow grating, which is 1 foot by 3 inches 
wide, and cast in length of 6 feet. It rests on small supports 
fixed by two $ inch bolts to crosa pieces cast оп the gutter at 
every second pair of shoes, and serving as distance pieces in the 
casting, while it cools and prevents it from warping into awkward 
shapes. These distance pieces must always be made with a top 
flange; otherwise the other parts of castings prove stronger iu 
shrinking and tearitin the middle. The rain-water is carried 
sideways by tle bracket-shaped outlets of gutter in the column 
and carried off b7 the same to the drain-pipes. The cast and 
wrought ironwork of one bay of roof weighs 144 tons. The cast 
and wrought ironwork of one bay of supportiong structure 
weighs 172 tons. 

( To be continued. ) 
—— fü ,————— 


TOWN HALL AND CORN EXCHANGE, FARNHAM, 
SURREY. 


Tue new buildings, which have been in course of erection 
during the last twelvemonth, and are now completed, were 
opened on the 15th ult. The new edifice, which includes a 
market hatl or corn exchange, offices, shops, and assembly rooms, 
has been built on the site lately occupied by the Goat’s Head 
Inn, at the junction of Castle-street with the Borough. At the 
corner of the building is a clock-tower, 88 ft. high, in the top 
story of which is a four-dial clock, by Frodsham, presented to 
the town by Mr. 8. Nicholson, of Waverley Abbey. This 
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tower is surmounted by a belfry, having a slated spire, ter- 
minated by a weather-cock, and containing three bells, for the 
quarters and hour. On the side next the Borough are shops, 
with cellars below, and two stories of rooms above. Тһе ground- 
floor on the side next Castle-street is occupied by offices, with 
an entrance-hall, 32 ft. by 10 ft., in the centre, paved with black 
and red tiles, for access to the market-hall, which is built behiud 
the shops, and is lighted from the roof and one erd. This hall 
is 70 ft. by 36 ft., and 30 ft. high; it is faced inside with white 
НИ bricks, slightly relieved with red and black bricks, 
and із covered by a polygonal ceiling resting on circular arches, 
formed of three thicknesses of 3-inch planks, bolted together on 
the Delorme principle, which spring from atone corbels on pro- 
jecting piers. One compartment of the ceiling on each side of 
the centre oue is filled with rough plate-glasa the whole length 
of the hall, and there is а large three-light window at one end of 
the room. The rest of the ceiling is boarded, the whole of the 
woodwork being stained and varnished. On one side of the hall, 
and entered from it, are offices for the use of merchanta attending 
the markets; there is also а side entrance to the room from the 
Borough. 
The assembly-room is placed ou the upper floor, and in the 
portion of the building fronting Castle-street. This is reached 

у three separate stone staircases, the chief of which is 7 feet 
wide, and leads from the entrance-hall in Castle-street. The 
room is 48 feet by 32 feet, and 30 feet high, with retiring-room 
and cloak-room adjoining. Its roof and ceiling are constructed 
on the same principle as that of the market-hall, the riba spring- 
ing from carved stone capitals, supported on red shafts of terra- 
cotta. Both this room and the market-hall are lighted by sun- 
burners of Messrs. Strode’s manufacture, and are warmed by 
Haden’s hot-air apparatus. 

The outside of the building, and also the staircase and entrance- 
hall, are faced with white Huntingdon bricks, All round the 
roof of the assembly-room is an arcaded parapet, surmounting 
a moulded cornice, all of terra-cotta; and the arches to the 
two chief entrances are of the same material. The mullions 
of the windows are of Bath stone, with carved сара and red terra- 
cotta pillar-shafts. The entrance doorway in Castle-street has 
recessed jambs, with carved caps and red terra-cotta shafta. 
Carved stone caps and red shafts are also used at the outer angles 
of the lowest atage of the tower, and also to the arched openings 
at the base of the tower. The windows have gauged semicircular 
and 


and segmental arches of moulded red bricks, with atone ke 
ев of 


skew backs. АП quoins, window and door jambs, a 
tower, and panels for clock-faces, are of Bath stone. 

The terra-cotta was supplied by Mr. Blashfield, of Stamford. 
Mr. Е. Вішеһ, of Farnham, was contractor fòr the general building; 
and Mr. В. Mulley acted as clerk of works. The architect 
employed was Mr. Е. Wyndham Tarn, of London. The total 
cost has been about £3500. The style of the building is an 
adaptation of that prevalent in Italy during the eleventh and 
twelfth centuries. 


———- 


ON THE FORCES CONCERNED ІМ LAYING AND 
LIFTING DEEP-SEA CABLES.* 
By УҰҒплллм Тномвон, LL.D. 


The forces concerned in the laying and lifting of deep sub- 
marine cables attracted much public attention in the years 1857 
--58. 

An experimental trip to the Bay of Biscay, іп Мау 1858, 
proved the possibility nos only of safely laying such а rope 
as the old Atlantic cable in very deep water, but of liking 
it from the bottom without fracture. The speaker had witne 
the almost incredible feat of lifting up a considerable length 
of that slight and seemingly fragile thread from a depth of 
nearly two and а half nautical miles.t The cable had actually 
brought with it safely to the surface, from the bottom, a splice 
with a large weighted frame attached to it, to prevent untwist- 
ing between the two ships, from which two portions of cable with 


* Read before the al Society. 

t Throughout the following statements the word mile will bo used to denote not 
that most meaningless of modern measures, the British statute mile, bat, the nautical 
mile, or the 1 of a minute of latitude, in mean latitudes, which in electric cable 

en as 6013 №. For ар statements, rough estimates, &c., it 
шау be taken as 6000 ft. or 1000 fathoms, 
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opposite twists bad been laid. The actual laying of the cable а 
few months later, from mid ocean to Valentia on one side, and 
Trinity Bay, Newfoundland, on the other, regarded merely as 
am ical achievement, took by surprise some of the most 
celebrated engineers of the day, who had not concealed their 
opinion that tbe Atlantic Telegraph Company had undertaken 
an impossible problem. As a mechanical achievement it was 
SIT successful; and the electric failure, after several 
hundred messages (comprising upwards of 4369 words) had 
been transmitted between Valentia and Newfoundland, was 
owing to electric faults existing in the cable before it went to 
æa Such faults cannot escape detection, in the course of the 
manufacture, under the improved electric testing siuce brought 
into practice, and the causes which led to the failure of the 
first Atlantic cable no longer exist as dangers in submarine 
telegraphic enterprise, But ‘the ibility of damage being 
done to the insulation of the electric conductor before it leaves 
the ship (illustrated by the occurrences which led to the tem- 
porary loss of the 1865 cable), implies a danger, which cau 
only be thoroughly guarded against by being ready at any 
moment to back the ship and check the egress of the cable, 
and to hold on for some time, or to haul back some length, 
according to the results of electric testing. 

The forces concerned in these operatione, and the mechanical 
arrangements by which they are applied and directed, constitute 
one chief part of the present address; the remainder is devoted 
to explanations as to the problem of liftiug the west end of the 
1200 miles of the cable laid last summer, from Valentia weat- 
wards, and now lying іп perfect electric condition (in the very 
safest place in which a submarine cable can be kept), and 
ready to do its work, as soon as it is connected with New- 
foundland, by the 600 miles required to complete the line. 

Forces in the Submergence of а Cable—In a paper 
published іп 1857, the speaker had given the differential equa- 
tions of the catenary formed by a submarine cable between 
the ship and the bottom, during the submergence, under the 
influence of gravity and fluid friction and pressure; and he 
had pointed out that the curve becomes a atraight line in the 
case of no tension at the bottom. Ав this is always the case 
in deep-sea cable laying, he made no further reforence to the 
general problem іп the present address. 

Whea a cable is laid at uniform speed, on a level bottom, 
quite straight, but without tension, it forma an inclined straight 
hue, from the point where it enters the water, to the bottom, 
алд each point of it clearly moves uniformly in a straight line 
towards the position on the bottom that it ultimately occupies.* 
That is to say, each particle of the cable moves uniformly along 
the base of an isosceles triangle, of which the two equal sides 
are the incliued portion of the cable between it and the bottom, 
and the line along the bottom which this portion of the cable 
covers when laid. When the cable is paid out from the ship 
аба rate exceeding that of the ship's progress, the velocity and 
direction of the motion of any particle of it through the water 
are to be found by compounding а velocity along the inclined 
side, equal to this excess, with the velocity alieady determined 
along the base of the isosceles triangle. 

The angle between the equal sides of the isosceles triangle, that 
is to say the inclination which the cable takes in the water, is 
determined by the condition, that the transverse component of 
the cable’a weight in water is equal to the transverse component 
of the resistance of the water to its motion. Its tension where it 
enters the water is equal to the longitudinal component of the 
weight (ог, which is the same, the whole weight of a length of 
cable hanging vertically down to the bottom), diminished by the 
longitudinal component of the fluid resistauce. In the laying of 
the Atlantic cable, when the depth was two miles, the rate of tbe 
ship six miles an hour, and the rate of paying out of the cable 
seven miles an hour, the resistance to the egress of the cable, 
accurately measured by a dynamometer, was only 14 cwt. But 
it must have been as much as 28 cwt, or the weight of two miles 
of the cable hanging vertically down in the water, were it not for 
the frictional resistance of the water against the cable slipping, 
as it were, down an inclined plane from the ship to the bottom, 
which, therefore, must have borne the difference, ог 14 ст. 
Aecurate obeervations are wanting as to the angle at which the 
cable entered the water; but from measurements of angles at the 
stern of the ship, and в dynamical estimate (from the measured 


4 Precisely the movement of а battalion in line changing frent. 
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strain) of what the curvature must have been between the ship 
and the water, I find that ite inclination in the water, when the 
ship's speed was nearly 6} miles per hour, must have been about 
64 deg., that is to say, the incline was about 1 in 83. Thus the 
length of cable, from the ship to the bottom, when the water was 
two miles deep, must have been about seventeen miles, 

The whole amount (14 cwt.) of fluid resistance to the motion of 
this length of cable through it is therefore about ‘81 of a cwt. per 
mile. The longitudinal component velocity of the cable through 
the water to which this resistance was due may be taken, with 
but very small error, as simply the excess of the apeed of paying 
out above the speed of the ship, or about one mile an hour. 
Hence, to haul ара piece of the cable vertically through the 
water at the rate of one mile per hour would require less than 1 
cwt. for overcoming fluid friction per mile of the cable, over and 
above Из weight in water. Thus fluid friction, which for the 
laying of a cable performs so valuable a part in easing the strain 
with which it is payed out, offers no serious obstruction, indeed 
scarcely any sensible obatruction to the reverse process of hauling 
back, if done at only one mile an hour, or any slower speed. 

As to the transverse component of the fluid friction, it is to be 
remarked that, although not directly assisting to reduce the 
egress strain it indirectiy contributes to this result; for it is the 
transverse friction that causes the gentleness of the slope, giving 
the sufficient length of seventeen miles of cable slipping down 
through the water, on which the longitudinal friction operates, 
to reduce the egress strain to the very safe limit found in the 
recent expedition. In estimating its amount, even if the slope 
were as much ав 1 in 5, we should commit only an insignificant 
error if we supposed it to be simply equal to the weight of the 
cable in water, or about 14 cwt. per mile for the 1865 Atlantio 
cable. The transverse component velocity to which this is due 
may be estimated with but insignificant error by taking it ав ће 
velocity of a body moving uireotly to the bottom in the time 
occupied in laying a length of cable equal to the seventeen miles 
of oblique live from the ship to the bottom—therefore it must 
have been from 2 miles in 17 — = 9:61 hours, or 8 оға 
mile per hour. It is not probable that the actual motion of 
the cable lengthwise through the water can affect this result 
much. Thus, the velocity of settling of а hórizontal piece of 
the cable (or velocity of sinking through the water, with woight 
just borne by fluid friction) would appear to be about 8 of a 
mile per hour. This may be contrasted with longitudinal friction 
by remembering that, according to the previous result, a longi- 
tudinal motion through the water at the rate of one mile per 
hour is resisted by only one-seventeenth of the weight of the 
portion of cable so moving. 

These conclusions justify remarkably the choice that was made 
of materials and dimensions for the 1865 cable. A more compact 
cable (one, for instance, with less gutta-percha, less or no tow 
round the iron wires, and somewhat more iron), even if of equal 
strength and equal weight per mile in water, would have expe- 
rienced less transverse resistance to motion through the water, 
and therefore would have run down a much steeper slope to the 
bottom. Thus, even with the same longitudinal friction per mile, 
it would have been less resisted on the shorter length; but even 
on the same length it would have experienced much less longitu- 
dinal friction, because of ita smaller cireumference. Also, it is 
important to remark tbat the roughness of the outer tow covering 
undoubtedly did very much to ease tbe egress strain, as it must 
have increased the fluid friction greatly beyond what would have 
acted on а smooth gutta-percha surface, or even on the aurface of 
smooth iron wires presented by the more common form of sub- 
marine cables. 

The speaker showed models illustrating the paying-out ma- 
chines used on the Atlantic expeditions of 1858 and 1865. Не 
stated that nothing could well be imagined more perfect than the 
action of the machine of 1865 in paying out the 1200 miles of 
cable then laid, and that if it were only to be used for paying out 
no change, either in general plan or іп detail, seemed desirable, 
except the substitution of a softer material for the “jockey 
pulleys,” by which the cable in entering the machine has the 
small amount of resistance applied to it, which it ge bond to keep 
it from slipping round the main drum. The rate of egress of the 
cable was kept always under perfect control by a weighted fric- 
tion brake of Appold’s construction (which had proved its good 
quality in the 1858 Atlantic expedition) applied to a second drum 
carried on the same shaft with tbe main drum. When the 
weights were removed from the brake (which could be done 
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almost instantaneously by means of а simple mechanism) the 
resistance to the egress of the cable produced by “jockey pulleys,” 
and the friction at the bearings of the shaft carrying the main 
drnm, &c., was about 24 cwt. 

Procedure to Repair Cable in case of the Appearance of an 
Electric Fault during the Laying.—Iu the event of в fault being 
indicated by the electric test at any time during the paying out 
(as proved by the recent experience) the safe aud proper course to 
be followed in future, if the cable is of the same construction as 
the present Atlantic cable, is instantly, on order from au antho- 
ied officer in the electric гоош, to stop and reverse the ship's 
engines, and to put on the greatest safe weight ou the paying-out 
brake. Thus in the course of а very short time the egress of the 
cable may be stopped, and if the weather is moderate, the ship 
may be kept, by proper use of paddles, screw, and rudder, nearly 
enough in the proper position for hours to allow the cable to hang 
down almost vertically, with little more atrain than the weight 
of the length of it between the ship and the bottom. 

The best electric testing that has been practised, or even 
planned, cannot show within a mile the position of a fault con- 
sisting of a slight loss of insulation, unless both ends of the cable 
are at hand. hatever its character may be, unless the electric 
tests demonstrate ita position to be remote from the outgoiug 
part, the only thing that can be done to find whether it is just on 
board or just overboard, їв to cut the cable as near the outgoing 

art as the mechanical circumstances allow to be safely done. 

e electric test immediately transferred to the fresh-cut seaward 
end shows instantly if the electric line is perfect between it and 
the shore. А few minutes more, and the electric testa applied to 
the two ends of the remainder on board will, in skilful hands, 
with a proper plan of working, show very closely the position of 
the fault, whatever its character may be. Тһе engineers will 
thus immediately be nble to make proper arrangements for re- 
splicing and paying out good cable, and for cutting out the fault 
from tlie bad part. 

But if the fault is between the land end and the fresh-cut sea- 
ward end on board ship, proper simultaneous electric tests on 
board ship and on shore (not hitherto practised, but easy and 
sure if properly planned) must be used to discover whether the 
fault lies во near the ship that the right thing is to haul back the 
cable until it is got ou board. If it 18 so, then steam power must 
be applied to reverse the paying-out machine, and by careful 
watching of the dynamometer, and controlling the power accord- 
ingly (hauling in slowly, stopping, or veering out a little, but 
never letting the dynamometer go above 60 or 65 cwt.), the cable 
(which can bear 7 tons) will not break, and the fault can be got 
on board more surely, and possibly sooner, thana “sulky” salmon 
of 30 lb. сап be landed by an expert angler with a line and rod 
that could not bear 10 lb. The speaker remarked, that he was 
entitled to make such assertions with confidence now, because the 
experience of the late expedition had not only verified the esti- 
mates of the scientific committee, and of the contractors, as to the 
strength of the cable, its weight in water (whether deep or shal- 
low), and its mechanical manageability; but it had proved that 
in moderate weather the Great Eastern could by skilful seaman- 
ship be kept in position and moved in the manner required. She 
had actually been во for thirty-eight hours, and eighteen hours 
during the operations involved in the hauling back and cutting 
out the first and second faults,and re-uniting the cable, and, during 
seven hours of hauling in, in the attempt to repair the third fault. 

Shonld the simultaneous electric testing on board and on shore 
prove the fault to be 50 or 100 or more miles from the ship, it 
would depend on the character of the fault, the season of the year, 
апа the means and appliances on board, whether it would be 
better to complete the line, and afterwards, if necessary, cut out 
the fault and repair, or to go back at once and cut out the fault 
before attempting to complete the liue. Even the worst of these 
contingencies would not be fatal to the undertaking with such a 
cable as the present one. But all experience of cable-layiug 
shows that almost certainly the fault would either be found on 
board, or but a very short distance overboard, aud would be 
reached and cut out with searoely any risk, if really prompt 
mensures, ав above described, are taken at the instant of the 
appearance of a fault, to stop, as soon as possible with safety, the 
further egress of the cable. 

Тһе moet striking part ofthe Atlantic undertaking proposed 
for 1866, is that by which the 1200 miles of excellent cable laid 
in 1865 is to be utilised by completing theline to Newfoundland. 
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That a cable lying on the bottom in water two miles deep can 
be caught by a grapnel, and raised several hundred fathoms above 
the bottom, was amply proved by the nine days’ work which 
followed the breakage of the cable on the 2nd of August last. 
Three times out of four that the grapnel was let down, it caught 
the cable on each occasion after а few hours of dragging, and with 
only 300 or 400 fathoms more of rope than the 2100 required to 
reach the bottom by the shortest course. The time when the 
grapnel did not hook the cable it came up with one of its flukes 
caught round by its chain; and the grapnel, the short length of 
chain next it, and about 200 fathoms of the wire rope, were 
proved to have been dragged along the bottom, by being found, 
when brought on board, to have the interstices filled with light 
grey ooze (of which the speaker showed a specimen to the Royal 
Society). These results arequite in accordance with the dynamical 
theory indicated above, according to which a length of such rope 
ав the electric cable, hanging down with no weight at its lower 
end, and held by a ship moving through the water at half a mile 
an hour, would slope down to the bottom at an angle from the 
vertical of only 20 deg.; and the much heavier and denser wire- 
rope that was used for the grappling would go down at the same 
angle with a considerable more rapid motion of the ship, or at 
still steeper slope with the same rate of motion of the ship. 

The only remaining question is :—How ia the cable to he 
brought to the surface when hooked? The operations of last 
August failed from the available rope, tackle, and hauling machine 
not being strong enough for this very unexpected work. Ou по 
occasion was the electric cable broken.* With strong enough 
tackle, and a hauling machine, both strong enongh, and under 
perfect control, the lifting of a submarine cable, ав good in me- 
chauical quality as the Atlantic cable of 1865, by a grapnel ог 
grapnels, from the bottom at a depth of two miles, is certainly 

racticable. If one attempt fails, another will succeed; and there 
18 every reason, from bynamics as well as from the 1865 experience, 
to believe that in any moderate weather the feat is to be accom- 
plished with little delay, and with very few, if any, failing at- 
tempts. 

The several plans of proceeding that have been proposed are 
of two classes—tlose in which by three ог more ships it ia pro- 
posed to bring a point of the cable to the surface without break- 
ing it at all; and those in which it is to be cut or broken, and a 
point of the cable somewhat eastward frum the break is to be 
brought to the surface. 

With reference to either class, it is to be remarked that, by 
lifting simultaneously by several grapnels so constructed as to 
hold the cable without slipping along it or cutting it, it is ров- 
sible to bring a poiut of the cable to the surface without subject- 
ing it to any strain amounting to the weight of а length of cable 
equal to the depth of the water. But so many simultaneous 
grapplings by ships crossing the line of cable at considerable 

istances‘from one another would be required, that this possibility 
is scarcely to be reckoned on practically without cutting or 
breaking the cable at a point westward of the points raised by 
the grapnels. On the other hand, with but three ships the cable 
might no doubt be brought to the surface at any point along the 
line without cutting it, and without subjecting it at any point 
to much more strain than the weight corresponding to the ver- 
tical depth, as is easily seen when it is considered that the cable 
was laid generally with from 10 to 15 per cent. of slack. And if 
the cable is cut at some point not far westward of the western- 
most of the grapnels, there can be no doubt but it could be lifted 
with great ease by three grapnels hauled up simultaneonsly by 
tbree ships. (The catenaries concerned in these operations were 
illustrated by a chain with 15 per cent. of slack hauled up simul- 
taneously at three points.) | 

The plan which seems to the speaker surest and simplest 18 to 
cut the cable at any chosen point, far enough eastward of the 
present broken end to be clear of entanglement of lost buoy-rope, 
grapnels, and the lose end of the electric cable itself; and then, 


* The strongest rope available was a quantity of горе of iron wire and hemp spun 
together, able to bear fourteen tons, which was prepared шегеіу as buoy-rope ito 
provide for the contingency of belug obliged, by stress of weather or other cause, to 
cut and leave the оса Що in deep or враПоя water), and was accordingly all in 100- 
fathom lengths, joined by shackele and swivels. The wire-rope itself never broke, bnt 
on two of the three occasious a swivel gave way. Оп the Inst occasion about 900 
fathoms of Manilla rope had to be used for the upper part, there not being enough of 
the wire roa гора ; and when 700 fathows of i$ bad been got in, lt broke on 
board beside a shackle, aud the remaining 200 fathoms of the Manilla, with 1540 
fathoms of wire-rope and the grapnel, and the electric cable which it had booked, were 
all iost for the year 1865. 
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от as soon as possible after, to grapple and lift ata point about 
three miles farther eastward. This could be well and safely done 
by two ships, one of them with a cutting grapnel, and the other 
(the Great Eastern herself) with a holding grapuel. The latter, 
ou hooking, should haul up cautiously, never going beyond a safe 
strain, as shown by the dynamometer. The other, when assured 
that the Great Eastern has the cable, should haul up, at first 
cautiously, but ultimately, when the cable is got well off the 
bettom by the Great Eastern, the western ship should move 
slowly eastwards, and haal up with force enough to cut or break 
the cable. This leaves three miles of free cable on the western 
side of the Great Eastern’s grapnel, which will yield freely east- 
wards (even if partly lying along the bottom at first), and allow 
the Great Eastern to haul up and work slowly eastwards, so as 
to keep its grappling rope, aud therefore ultimately the portions 
of electric cable hanging down оп the two sides of Ив grapnel, as 
nearly vertical as is necessary to make sure work of getting the 
cable on board. This plan was illustrated by lifting, by aid of 
two grapnels, a very fragile chain (a common brass chain in short 
lengths, joined by liuks of fine cottou thread) from the floor of 
the Royal Society. It was also pointed out that it can be executed 
by one ship alone, with only a little delay, but with scarcely an 
risk of tailure. Thus, by first hooking the cable by a aafe-hold- 
ing grapuel, and hanling it up 200 or 300 fathoms from the 
bottom, it may be left there hangiug by the grapnel-rope on a 
buoy, while the ship }roceeds three miles westwards, cuts the 
cable there, and returns to the buoy. Theu it is an easy matter 
іп any moderate weather to haul up safely, and get the cable on 
board. 

The use of the dynamometer iu dredging was explained; and 
the forces operating on the ship, the conditions of weather, and 
the means keeping the ship іш proper position during the process 
of slowly hauling in a cable, even if it were of strength quite in- 
sufficient to act when nearly vertical with any sensible force on 
the ship, were discussed at some length. The manageability of 
the Great Eastern in skilful hands had been proved to be very 
much better than could have been expected, and to be sufficient 
for the requirements in moderate weather. She has both screw 
and paddles—an advantage possessed by no other steamer іп ex- 
jsteuce. By driving the screw at full power ahead, and backin 
the paddles to prevent the ship from moving ahead, ог (shoul 
the screw overpower the paddles) by driving the paddles full 
power astern, and driving at the same time the screw ahead with 
power enough to prevent the ship from going astern, “steerage 
way" is created by the lash of water from the screw against the 
rudder; and thus the Great Eastern may be effectually steered 
without going ahead. Thus she is in calm or moderate weather 
almost as manageable as a small tug steamer with reversing pad- 
дев, oras а rowing boat, She сап Б made still more manageable 
than she proved to be in 1865, by arranging to disconnect either 
paddle at any moment; which, the speaker was informed by Mr. 
Canning, may easily be done.* 

The speaker refered to a letter he had received from Mr, 
Canning, chief engineer of the Telegraph Construction and Main- 
tenance Conipany, informing him that it is intended to use three 
ships, and to be provided both with cutting and with holding 
grapnels, and expressing great confidence as to the success of the 
attempt. In this eonfidence the speaker believed every practical 
man who witnessed the Atlantic operations of 1865 shared, as 
did also, to his knowledge, other engineers who were not present 
on that expedition, but who were well acqnainted with the practice 
of cable-laying and mendiug in various seas, eapecially in the 
Mediterranean. The тоге he thought of it himself, both from 
what he had witnessed on board the Great Eastern and from 
attempts to estimate on dynamical priuciples the forces concerned, 
the more confident he felt that the contractors would succeed 
next summer in utilising the cable partly laid іп 1865, and com- 
pleting it into an electrically perfect telegraphic line between 
Valentia aud Newfoundland. 


CERTIFICATE SIGNED вт PERSONS OFFICIALLY ENGAGED IN LAYING 
THE ATLANTIC TELEGRAPH CABLE FROM THE GREAT EASTERN 
тя 1865. 

1. It was proved by the expedition of 1858 that a submarine 
telegraph cable could be laid between Ireland and Newfoundland, 
and messages transmitted through the same. 


œ It is being done. 
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By the expedition of 1865 it has been fully demonstrated:— 

2. That the insulation of a cable improves very much after its 
submersion in the cold deep water of the Atlantic, and that its 
conducting power is considerably increased thereby. 

3. That the steamship Great Eastern, from her size and con- 
stant steadiness, and from the cuntrol over her afforded by the 
joint use of ра ез and screw, renders it safe to lay an Atlantic 
cable in any weather. 

4. That in a depth of over two miles fonr attempts were made 
to grapple the cable. In three of them the cable was caught by 
the grapuel, and in the other the grapnel was fouled by the chain 
attached to it. 

5. That the paying-out machinery used on board the Great 
Eastern worked perfectly, and can be confidently relied ou for 
Iny ing abies acroas the Atlantic. 

6. That with the improved telegraphic instruments for long 
submarine lines a speed of more than eight words per minute can 
be obtained through such a cable as the present Atlantic between 
Ireland aud Newfoundland, as the amount of slack actually payed 
out did not exceed 14 per cenut., whicli would have made the total 
cae laid between Valeutia aud Heart's Content less than 1900 
miles. е 

7. That the present Atlantic cable, though capable of beariug a 
strain of 7 tons, did not experience more than 14 ewt. in bein 
payed out into the deepest water of the Atlantic between T eland 
and Newfoundland. 

8. That there is no difficulty in mooring buoys in the deep 
water of the Atlantic between Ireland and Newfoundland; and 
that two buoys, even when moored by a piece of the Atlantic 
cable itself, which had been previously lifted from the bottom, 
have ridden out a gale. 

9. That more than four nautical miles of the Atlantic cable 
have been recovered from a depth of over two miles, and that the 
insulation of the gutta-percha-covered wire was in no way what- 
ever impaired by the depth of water, or the strains to which it had 
been subjected by lifting and passing through the hauling-in 
apparatus, 

10. That the cable of 1865, owing to the improvements intro- 
duced into the manufacture of the gutta-percha core, was more 
than one hundréd times better insulated than cables made іп 1858, 
then considered perfect, and still working. 

11. That the electrical testing can be conducted at sea with 
such unerring accuracy as to enable the electricians to discover 
the existence of a fault immediately after its production or 
development, and very quickly to ascertain its position in the 
cable. 

12. That with a steam engine attached to the paying-out ma- 
chinery, should а fault be discovered on board while laying the 
cable, it is possible that it might be recovered before it had reach- 
the bottom of the Atlantic, and repaired at once. 

S. Cannina (Engineer-in-Chief, Telegraph Construction and 
Maintenance Company). 

JAMES ANDERSON (Commander of the Great Eastern). 

Danret Соосн, М.Р. (Chairman of Great Ship.Company). 

Henry Cutrrorp (Engineer). 

WiLLIAM Тномвом, LL.D., F.R.S. (Prof. of Natural Philosophy 
in the University of Glasgow). 

Свомчеш, Е. Уанікт (Consulting Electrician of Electric and 
International Telegraph Company). 

WILLOUGHBY SMITH. 

JULES DESPECHER. 

-------“ө-------- 


New Zealand Canals.—A. proposal bas been made for the 
construction of a canal uniting the navigation of the Kaipara 
and Waitemata and the settlement of a block of provincial land of 
about 450,000 acres. In the Kaipara district there is an immense 
territory of agricultural land, and generally of good 5 This 
land is accessible by the land-locked sea known as the Kaipara, 
and by navigable rivers and canals providing easy and available 
means of ivland transit, but it is cut ой from Auckland, effectually 
ав if it were on the west coast of Canterbury, for all purposes of 
trade aud commerce. А canal of a few miles, through what 
might be called a level country, frem Brigham’s Creek to the 
head waters of the Kaipara, would connect the port of Auckland 
with that district, and make available to river steamers and 
barges of light draught about 300 miles of tidal river navigation. 
The block of land proposed to be given to any company which 
will construct the coal and cultivate the land is iutersected by 
two navigable rivers. It is generally rich agricultural land. 
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ROADS ІМ INDIA. 


Тнкке ін a question which must soon be faced by the govern- 
ment of India, scarcely less momentous to the welfare of the 
people, and fully as vast in Из proportions, as that of irrigation. 

іг Johu Lawrence, in his evidence before the Committee of the 
House of Commons on the Colonization of India, said, “ we are 
perishing for want of roads.” The expression was not оцу me- 
taphorically, but literally, true. But for the want of roads, the 
famines, caused by the absence of irrigation, could never assume 
the extent or severity that they do. Something has been done to 
equalize the distribution of food by the construction of the trunk 
railways; but, without connecting highways, the peasant, 80 or 
100 miles from the line, cut otf by jungle, ravine, and morass, 
might as well be a thousand miles off. 

hose who have had occasion to travel much in the interior of 
the country, away from the few great roads which have crept 
slowly into existence during our century of occupation, must have 
often had the urgency of thie need forced upon their attention. 
The traveller, as he watches that marvellous combination of sticks 
and string in which four half-starved oxen drag painfully along 
his , at the rate of a mile and а half an hour, over hedge 
and ditch, or through plocgned fields, cannot but speculate on 
what India might now have been, had twenty or thirty millions 
been borrowed and expended in a worthy system of roads thirty 
years ago. Whatever Sir Charles Wood may boast in the House, 
and local governments in their administration reporta, about the 
thousand of miles of “road” constructed under our sway, every 
sportsman, every engineer, and every settler, to his cost, knows 
that, besides the Grand Trunk Road. and a few brauches, there 
is scarcely a road worthy of the name in the Bengal Presidency. 

What these “thousands of miles" are like, may be supposed 
from the fact that, in one district at least, as енед іп ап 
official admiuistration report а few years ago, they cost twelve 
shillings а mile! The truth is, that two furrows are run with a 
plough, 50 or 60 feet apart, right across country, hedges and 
ditches being left to be.levelled by successive carts tumbling over 
or into them, and there you have a “district road.” Many of 
them are simply water-courses, actually sunk six or eight feet 
below tire surface of the country; and we have seen perpendicular 
falls of three or four feet, with a fine cascade rushing over them, 
extending right across the road. A mere common obstruction is 
an irrigation channel, taking the form either of a deep ditch, or 
an embauked duct, two or three feet high, by which the zemindars 
have coolly blocked up the road for convenience of irrigation. 

Bad as such roads are, they have the advantage of being visible, 
and so serving ава guide from place to place. But they exist 
only as exceptions. As a rule there is no road at all between 
town and town; carts follow each other’s ruts over the cultivation, 
sometimes establishing a defined track for a few hundred yards, 
but which again disappears in the middle of a ploughed field 
further on. The zemindars, not content with ploughing up the 
track, cut trenches, and plant thorn-bushes across it, to drive the 
carta to take some other route, from which they are in turn di- 
verted by the cultivators of the ground. 

A considerable sum of money is spent by local committees 
from local funds, on communications, but we fear that a great 
deal of it is simply wasted. Except in the North West Provinces, 
where there is a civil engineer for each commissiouer's division, 
the money is disbursed without any professional advice or super- 
vision, and hence embankments are made where none are 
wanted, and vice versa; bridges tumble down or are left high and 
dry, aud little good is done. Every civil officer is sup to be 
able to lay out a road or build а bridge; although he would probably 
hesitate to perform an amputation, or to take the command of a 
frigate. In France all public higliways and bridges are under the 
charge of a highly educated corps of civil engineers, tlie depait- 
ment of Ponte ей Chaussees, and even іп Éugland, where we 
delight to do everything the wrong way, the system of parish 
inaddling is giving way to the highway boards who һауе com- 
petent surveyors to advise them. How long will it be before our 
government acoepta the prinspe of division of labour ? 

The melancholy results of leaving professional matters like 
road-making to civil authorities, who have neither the knowledge 
nor the leisure to supervise them, are nowhere more conspicuous 
than in the mountain roads of the Ницайзуав, excluding, of 
course, those under the Public Works Department. 

The aggravating way in which these roada are often aligned, 
сап only be accounted for by а combination of the original per- 
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versity of the Puharees, which leads them to take their paths over 
every hill, no matter how steep, rather than go round it, with 
the engiueering vagaries of a Tehsil Chuprassie, whose sole notion 


of improving a road is to lengthen it. We have measured a 


gradient of upwards of 70 in 100 on a hill road, constructed at 
some expense, where it might have been made shorter, and yet 
on a fair inclination, at no greater cost. And the most provoking 
thing is, that year by year, as we have pointed out in a former 
article, an amount of labour is wasted by Chuprassie engineers, 
which, under judicious management, would serve to construct an 
excellent road. 

Turning from local funds, which, though considerable in the 
aggregate, are but а drop in the bucket, compared with the re- 

uirementa of the country, let us see what роре is afforded by the 

mperial resources. We spend something like a million a year 
on communications, of which one-half goes in ever-increasing 
repairs. How long will it take to provide India with a decent 
‘system of roads even if we continue to spend half a million per 
annum in making new ones? But we cannot afford to do even 
so much withont a radical change of system. Every mile of new 
road adds a permanentcharge for repairs, which must be deducted 
from the total grant, before anything is left for future extensions. 
Already the repairs swallow up balf the grant; before many 
years are over, they will absorb the whole, unleas it is largely 
augmented, of which the increasing demands under all other 
heads of public works leave little probability. 

What then is to be done? First, let us make the most of 
present means, by transferring the repaira of all except purely 
military roads to local funds, and reducing the repaira which 
must still be defrayed by the Imperial government to the lowest 
point, by improved modes of construction. How the local funds 
are to be raised, во as to meet the burden thrown upon them, 
must be determined in detail by local goverumenta, accepting as 
a fundamental principle that those who most benefit by the road 
should mainly pay for it. Thus, where a large commercial town 
is situated on a road, some part of the octroi duties should be 
devoted to this purpose. When the road passes through a rich 
agricultural district, the cultivators, who are enabled to fnd 
markets for their produce, should contribute, whether by a cart- 
tax, a cesa оп the | :nd, or statute duty in the shape of supplying 
materials and labour for repairs. Authorities are аны that 
tolls should be dispensed with if possible, but in some cases they 
will be the ouly available source of revenue. 

With regard to the reduction of repairs, the anticipation that 
the railways would almost supersede the roads ranning parallel 
with them, has been but very partially realised. Aud the traffic 
upon feeders and cross-ronds must increase as the railways get 
into full working order. It is pretty evident that the present 
plan of macadamising with brick, broken stone, or kunkur, 
expensive asit is, does not last under the heavy and concentrated 
traffic of the main trunk roads. The cost of continual renewals 
is crushing, and must be reduced, even if the first outlay for 
а more permanent surface be very heavy. The most feasible 
remedy seems to be to lay down a stone or iron tramway, upon 
which the ordinary carta of the country can run; the tram-plates 
to be flat, and flush with the surface of the road. This plan 
has been very с used on the Commercial-road and on 
Westminster Bridge, at home. Now that the railway supplies 
tolerably cheap carriage, stone or iron tram-plates could be landed 
on any part of the Grand Trunk Road at a reasonable cost. The 
experiment is at least worth trying. 

Ba posing, however, that we could, by such alterations, devote 
a million a year to new roads, how inadequate is such sum to 
provide a whole contineut! We bave a century of leeway to 
make up, and it will not do now to proceed by such gradual 
measures as might have sutficed if begun fifty рап ago. Сош- 
merce will not wait; the newborn prosperity of the country will 
be strangled prematurely if we do not remove the bonds which 
choke it. If a man has a valuable plot of ground, requiring onl 
roads and drains to fit it for buildiug purposes, which will quad- 
горе its value, he does not wait till by painful savings 
from his income for a series of years, he can realize the 
wealth that await him. He mortgages his estate to make the 
improvements which will pay off his loan and enable him to grasp 
its full value at ouce. e lave in India a vast estate, whose 
value and revenue may be doubled over and over again by judi- 
cious expenditure. Capitalistsbelieve this, they will lend the money 
on their faith in its capabilities. Why do we hesitate? Debt 
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is not the worst of evils; if war comes we pocket the necessity, 
and borrow, though the money never returns, Why not borrow 
when the need is so urgent, and the results so Бепебса! ї 
Саша]: may be made by private companies; roads cannot. The 
railways will never have a fair chance till a proper system of 
roada feeds them; many of them will continue to be a burden 
on Government for the guaranteed interest. Suppose we have 
to pay a million a year to the railway shareholders, will it not 
be economical to raise twenty millions, wherewith to make roada, 
that will enable the railways to pay their 5 per cent. and 
relieve us of this incubus? We shall still only have to pay a 
million to fund-holders instead of to railway shareholders, but 
we shall be the pines by twenty millions worth of roads into 
the bargain. The railway interest, and the cotton interest 
together, are all-powerful in the House of Commons; why do 
they not unite ЦД дан the Government to give India her 
crying wanta, ca and roads 1—Саісийа Engineer. 


лен. 


The Principal Ruins of Aria Minor, illustrated and described by 
Снлвіяв Texier and В. Роррһкчеш, Porlan, Е.В.1.В.А. 
Day and Sons, 1865. Folio. 

Ама Minor has proved, as far аз it has been examined, a fertile 
field of architectural and antiquarian research, and that in more 
phases of art than one; and yet there is something of the charm 
of novelty still lingering about the discoveries made ог to be 
mace there, for it is a region lying more remote, and consequently 
leas visited, than Magna Grecia, Sicily, and Italy, and much of 
ite wealth is but partially known. The early Christian Churches 
of Rome or Ravenna, and the Greek remains of Athens ог 
Syracuse, are well catalogued and have been thoroughly explored 
and describ»d, but there are buildings of the highest interest in 
Asia Minor both of Classic and early Christian character, which 
it has been the privilege of recent explorers to make kuown for 
the first time to the world at large. 

The work before us proposes to introduce to the attention of 
its readers the principal of those ruins which display the cha- 
racter of Classic architecture and sculpture, to be found in various 
cities aloag the eastern shores of the AZgean Sea. It appeals, of 
course, first and chiefly to the attention of students of Greek 
architecture, but these are in the present day less numerous than 
they once were—far less so than they ought to he—and the work, 
perhaps wisely, has been thrown into a shape which, while not 
too slight іп | eee to be unfitted for the pnrposes of the archi- 
tectural student, is sufficiently free from wearisome technical 
minutia to have a claim ou the attention of non-professional 
readers; іп fact, it is a work which all persons of taste and 
culture will be glad to ева. 

It is to һе regretted, and is regretted by all who would desire 
to вее the architecture of this country assume a place in every 
respect worthy of our national eminence in other arts, that 
attention is ton exclusively directed to the works of the middle 
ages, and to the phase of art to which those works belong. Pure 
beauty of form, refinement, proportion, symmetry, and dignity, 
are more fully illustrated by the works of Greek art than by those 
of the middle ages; and we cannot hope to retainjthese properties in 
our sculpture and our architecture without a constant recurrence 
to the Greek source. We welcome, consequently, the appearance 
of a work like Mr. Pullan’s, for the sake of the progress of art, 
аз well as Гог its own sake, and we believe that it will furnish an 
effective contribution towards the art education of the present 


му. 

We have called this Mr. Pullan’s book, because, although M. 
Texier’s name appears on the title page, this volume being, in fact, 
a kind of abridgement of that traveller's large work, the responsi- 
bility and Ше eredit of this publication belong to Mr. Pullan, who 
hastrauslated and condensed from Texier's work much of the infor- 
mation contained in the letterpress, and has selected the plates 
here given, and has added some very interesting and valuable 
matter of his own. 

Mr. Pullan's introduction gives a succinct history of the ex- 
plorations of Asia Minor which have been carried on by various 
travellers; commencing with Paul Lucas, who in 1699 traversed 
the peninsula, but whose work is described as unsatisfactory and 
incorrectly illustrated; down to his own exact and comparatively 
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recent explorations. This is extremely well though briefly done, 
and will enable the reader, whose curiosity may be excited by the 
volume under review, to understand where he may find supple- 
mentary information. Of all the various travellers and expire 
expeditions which have visited these shores, none have publishe 
so complete a record as the French Government expedition, 
under Mons. Texier, and it is to render the subject matter of 
this very large and costly volume accessible that the present 
publieation is undertaken. 

A map and fifty-one plates, the execution of some of which is 
extéenicly beautiful, are given. They refer to the thirteen or 
fourteen different rnins which have been selected from a large 
number for illustration, as being the most important and typical. 
The principal subjects are the Doric Temple at Assos, the Temple 
of Apollo В ranchids, that of Jupiter at алаш; andthatof Venus 
at Aphrodisias, the theatres at Arzani, Aspendus, and Myra, and 
the Temple of Augustus at Ancyra. 

A peculiar featare in the temples here illustrated is the ex- 
tensive peribolus, or sacred enclosure, within which stood the 
temple itself. This has entirely disappeared in the case of the 
vast temple of Apollo Branchide where it was of great size, 
but it is still traceable at Aizani and Aphrodisias; and the details 
of the order from the peribolus at Aprodisias are among the 
richest and most effective in the volume. 

Perhaps the best illustrations given are those of the theatres 
of Aspendus and Myra, and these buildings, elaborately arranged 
and carefully worked out as they were, notwithstanding their 
apparent simplicity, are well worthy of the study of the modern 
architect called проц to consider the problem, so well solved in 
these buildings, of how to accommodate a very large number of 
spectaters so that they may all hear, see, and be seeu, with per- 
fect comfort and safety. 

Throughout the work, both details and general drawiugs 
of the various buildings are given, so that by the help of them 
the reader will be well able to appreciate the peculiarities aud 
the great beauties of the buildings illustrated, aud we heartily 
echo the wish expressed by the writer in his preface, that these 


- examples, carefully measured, accurately drawn, and well de- 


scribed, as they аге, шау be extensively studied, and may tend to 
promote the improvement and advancement of our taste in 
architecture. 

We propose to conclude by giving some extracts from the in- 
troductory matter prefixed to the work itself, showing the history 
of the principal publications, and first of the Dilettante Society. 


“Ав an appreciation of the elegant architecture of the Greeks became 
more general, the want of correct delineations was much felt, especially 
by scholars and antiquaries. Consequently, in 1764, the Society of 
Dilettanti, which was founded in 1734 by a number of gentlemen who 
had travelled om the Continent, and who were desirous of improving the 
public taste in matters relating to architecture, resolved to send out 
properly-qualified persons to the East, ‘in order to collect information, 
and make observations relative to the ancient state of those countries, 
and to such monuments of antiquity as were still remaining.’ Dr. 
Chandler was selected as Director to an Expedition, Мг, Revett ав 
architect, and Mr. Pars as painter. They left England in June 1764, 
and returned in September 1760, having visited curing hat period the 
Troad, Smyrna, Clazomenæ, Teos, Ephesus, Miletus, Priene, Heraclea, 
Mylasa, Stratonicea, Tralles, Laodicæa, Hierapolis, Colossm, Sardis, 
Pergamus, and Thyatira. The resulta of their labours were published in 
a 4to volume by Dr. Chandler, in 1775, in two folio volumes of plates with 
descriptions, issued by the Society in 1769, under the title of * Antiqui- 
ties of Ionia:' of these there were two editions. Тһе architectural details 
of several temples put s in this volume, well drawn and engraved; 
but as the Mission no funds for excavations, the information ob- 
tained was in many cases incomplete. 


“Tn 1811, а second Mission was dispatched to the Levant to obtain 
further information, consisting of Sir William Gell, accompanied by two 
architects, Messrs. Gandy and Bedford. They were instructed to visit 
Samos, Sardis, Aphrodisias, Hierapolis, Tralles, Laodicea, Telmissus, 
Patara, Cnidus, Halicarnassus, Magnesia ad Mzandrum, Priene, and 
Branchide; and also several places in Greece. The results were pub- 
lished in а third volume of the ‘Ionian Antiquities,’ and in the *Inedited 
Antiquities of Attica," 


After а reference among other travellers to the distinguished 
and accomplished Professor Cockerell, whose observations in Asia 
Minor unfortunately remain for the most part unpublished to this 
day, our author comes to Mons. Төліет. 


“In 1833, M. Guizot, the enlightened Minister of Public [nstruction 
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in France, commissioned М. Charles Texier to explore Asia Minor and 
Tersia. M. Texier spent several years in these countries. He 
through Bithynia and the central provinces, and returned to Constan- 
tinople, afterwards visiting Myris, ZEolia, Caria, Lycia. Не made 
careful detailed drawings of all the finest monuments existing in the 
country. These were published by the order and at the cost of the 
French Government, upon his return to Europe, in three folio volumes. 
The engravings were by the best artista, and executed at great cost. On 
account of the great expense of the work, it has not been generally 
accessible; consequently the beautiful editices illustrated in it have not 
been studied as much as they deserve. 


“А second Expedition was undertaken by M. Texier, for the purpose 
of removing the friezes of the lemple of Diana Leucophryne at Magnesia 
ші Mueandrum. This operation was successfully performed. The vase 
of l'ergamus and the frieze uf the Temple of Neptune at Assos also were 
then obtained for the collection of the Louvre." 


The English expedition, and the visit made by Mr. Pullan 
himself are tbus referred to. 


«Та 1852 Mr. C. Newton, now keeper of Greek and Roman anti- 
quities at the British Museum, was appointed Vice-Consul at Mitylene, 
chiefly in the interest of art and archeology. Не thoroughly explored 
most of the islands, aud frequently visited the mainland, where he made 
тацу interesting discoveries, It had been ever his ainbition to discover 
the site of the sepulchre of Mausolus, king of Caria, which was considered 
one of the seven wonders of the ancient world. In 1855 he visited Bud- 
rum, and there found traces of fine Greek sculpture sutficent to induc 
him to ash assistauce from the Government, which was at once granted. 
A ship of war, the ‘Gorgon’ frigate, an officer of the Royal Kngineera, 
Lieut. Smith, and a detachment of sappers, were dispatched to aid him 
in his operations. In the month of January 1857, he had the satisfac- 
tion of ascertaining without doubt that he had come upon the site of the 
Mausoleum, and before the expiration of the year he had obtained 
нъ сеп architectural data to determine the plan of the monument and 
its general dimensions; and he had brought to light the magnificent 
series of sculptures now in the British Museum. In December 1827, 
Mr. Newton proceeded to Cnidus, for the purpose of thoroughly explor- 
ing that ancient city, the ruins of which had been visited by Sir William 
Gell and the second Mission of the Dilettanti Society. Неге he made 
excavntions on the site of the Temple of Venus, at the Lion Tomb, the 
lower theatre, and the temenos of Hecate. During the years 1857-55, 
Mr. Newton and Lieut. Sinith were enabled to explore the whole of that 
part of Caria, from Labranda and Euromus to the Bay of Marmarice, 
opposite the island of Rhodes. Amongst other discoveries made was 
that of the Ruins of the Temple of Hecate at Lagina, with the sculpture 
slabs of ite frieze in tolerable preservation. Lieut. Smith identified the 
site of Labranda, where was situated tho celebrated Temple of Jupiter; 
and Mylass, Myndus, Bargalia were visited, and the island of Cos was 
thoroughly explored. Мт. Newton also visited the ruina of the Temple 
of Apollo Branchide, and brought from the Sacred Way which led to it 
the series of figures now in the oorridor of the British Museum. In 
1857 I was sent out by the Government to join the Expedition, with 
whioh I remained а year. During this time I visited Budrum and Cni- 
dus, explored the ieland of Cos, and upon my way home visited the site 
of Troy and Thessalonica." 


“Tn 1861, the Dilettanti Society being desirous of obtaining further 
information as to the state of the sites of certain ancient temples, coin- 
missioned me to visit them, and report to them as to the desirability of 
excavation at the following places:— The Temple of Bacchus at Teos, 
which, though it had been visited by a former misaion, had not been 
thoroughly explored. The Temple of Apollo Smintheus in the Troad, 
the remains of which had been discovered by Captain Spratt. The 
‘Temple of Minerva at Priene, and that of Apollo Branchide at Miletus, 
which had been visited by the Budrum Expedition. During the jour- 
neys necessary for exploration, I vieited the whole coast northward to 
the Troad from the point that had been reached by Mr. Newton, and in 
this manner, from Ше Gulf of Mendelet to Cape Lectu. on the north 
side of the Gulf of Adryinittium, completed a survey of the coasta of 
Carie, Ionia, nnd Æolia, where we know the finest, buildings erected by 
the Greek colonists formerly existed. Upon the receipt of my report, 
the Dilettanti Society resolved to have the site of the Temple of Bacchus 
at Teos thoroughly excavated. This was done by me in the spring of 
1460, and the detaile obtained enabled me to complete a restoration of 
this celebrated building, which I have resson to believe will eventually 
be published. 


** In the prosent work illustrations of the finest examples of temples 
and other edifices measured by М. Texier will be found, accompanied by 
short descriptions taken from his writings and from those of other 
travelers in Asia Minor, and preceded by an outline of the various 
excursions made by me for the survey of the coast. This, it is hoped, 
may prove not uninstructive to the general reader, and may add some 
little to what is already known of the antiquities of this most interesting 
country.” 
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NEW BRIOGE OVER THE NIAGARA RIVER. 


А rew miles above the falls of Niagara is Grand Island, hot 
far from the city and port of Buffalo, on Lake Erie. Негез 
railway and roadway bridge is to be constructed, to make а 
further connexion of the lines in the States and in Canada, more 
especially between the Atlantic and Great Western Railway, and 
the Great Western and Grand Trunk of Canada. 

This, the International Bridge, is in two portions, one between 
Blackrock Harbour and Grand Island, and the other over the 
Niagara river to the Canadian shore. The latter will be the 
principal bridge, and will be 1800 feet long, having six spans of 
950 feet ench, besides а pivot bridge, 250 feet long, presenting 
two openings of 105 feet each. The Blackrock Harbour bridge 
will consist of one fixed span of 112 feet and one of 82 ft. 8 in., 
together with a swing bridge 205 ft. 4 in. long, forming-two open- 
ings of 82 ft. 4 in. each. The girders, of which there will be two 
to each span, will have their top and bottom members formed 
of a box section, with outside and inside angle irons. The 
boxes will be 24 inches wide outside the side plates, aud 
36 inches wide over the top and bottom plates, the depth of 
that forming the top chord being 36 iuches, and of that forming 
the bottom chord 30 inches. Ip the 250 foet spans the platea 
forming the sides of the lower chord will vary from } iuch to 
8 inch in thickness, whilst the top and bottom will consist of from 
one $ inch plate at the enda to two $ inch plates in the centre. 
The vertical distance between the top and bottom choros will be 
18 feet throughout, making the depth of the girders 23 ft. 6 in. 

The girders will be placed at a distance of 32 feet apart, thia 
space being divided iuto two equal portions by a partition 10 feet 
high, ove part being intended Гог а carriage road, aud the other 
for the railway. There will alao be a footway 6 feet wide carried 
on cantilevers outside each girder. The road and railway will be 
саггіе by plate cross girders 24 inches deep, the webs of which 
will be formed of 8 iuch plate, the top and bottom flanges 
being 8 inches wide, and the former being made of $} inch, and 
the latter of 8 inch plate. The angle irons will be 3 inch x 
3inch Xx } inch. The cross girders will reat upon timber packing 
interposed between them and the bottom flangca of the lower 
chords. The top cherds will be connected by light lattice girders, 
and] the diagonal bracing consisting of round rods will be added 
to both chords. 

The top and bottom chords will be connected by lattice bracing 
placed at яп augle of 60°; the strats and ties making one inter- 
section. The ties are to be arranged so that they pass outside 
the struts; they will be made of » irou, and іш the 250 feet spans 
their sections will vary from 24 inch x $ inch to 8inch x & inch, 
the ribs of the chanuel iron being in all cases 2 inches deep. 
Where the ties join the top and bottom chordas, the ribs of the 
channel iron will be cut off, and the web will be carried through 
slots formed in the top plates of the bottom chord and bottom 
plates of the top chord respectively. The struts will be of plate 
iron and angle irous formed into a + section, their width being 
TS to the distance between the ties, or 23 inches. Тһе plates 
of the webs will vary from 4 incb to $ inch thick, and the 
flanges from 18 inches wide by 4 inch thick, to 6 inches wide by 
8 inch thick; the angle irons varying from 4 inches X 4 inches X 
1 inch, to 24 inches X 2% inches X 3 ішер, 

The girders of theswing spans will in each case be attached to 
a kind of double drum about 40 feet iu diameter, made of plate 
iron. This will be connected to an inner drum 3ft. Spin. in 
diameter by cross girdera and tie-rods, and to this inner drum tho 
steel cap which carries the whole weight of the bridge will be 
bolted. This cap will rest npon a set of conical steel rollers, 
which run in a circular channel formed for them, partly in the 
underside of the cap, aud partly in the top of a steel block 
beneath them. The block just mentioned will rest upon the 
rounded point of a conical steel casting about 6ft. біп, high, 
which will be fastened down to tlie top of the pier. As we have 
already stated, the whole weight of the swing bridge will reat 
upon the central point, but steadying rollers, running on a 
prob rail, will be fixed arouud the bottom edge of the outer 

rum. 

The greatest depth of water in the line of the bridge occurs in 
the Niagara River near the swing spans, where it із abont 40 
feet deep. The height of tbe bridge above the water level will 
be about 22 ft. біп. The bridge was designed by Mr. Thomas 
W. Kennard, the engineer to the Atlantic and Great Western 
Railway. 
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THE HYDRAULIC МЕТ GRAVING DOCK. 


А paper by Mr. Epwin Стлвк, on the above subject, of which 
the following is an abstract, was lately read at the Institution of 
Civil Engineers. 


It was stated that this invention dated as far back as the year 
1857. At that time the Victoria (London) Docks were just 
completed ; and the engineer, Mr. Bidder, being anxious to 
adopt some cheaper systein of docking large vessels, than by an 
ordinary graving dock, or any tnodificationa of it, considered 
varions schemes for floating docks. These were, however, all 
found to be more or leas objectionable, from the difficulty of de- 
signing snch large floating structures with sufficient regidity to 
preserve their form under very variable strains, and of insuring 
that stability of flotation which was wanting in all floating docks 
then in use, as well as from their enormous cost. It then occured 
to the author, who under the direction of Mr. Robert Stephenson 
had designed the machinery, and superintended the raising of 
the Britannia and Conway tubular bridges, that a similar process 
might with advantage be applied to the docking of a vessel. The 
problem was simply to raise a given weight to a moderate height 
10 the most rapid and economical mauner; and there appeared to 
be no reason why a vessel should not be deal; with in the same 
way ая апу other load. The weight actually lifted at the Britan- 
nia bridge, with only three presses, was equal to that of a vessel 
of 1800 tons. 

In noticing the early history of graving docks, it was remarked 
that the expedients at first adopted continued in use in their 
original form, the principles involved having in no way been 
departed from ; во that a modern first-class graving dock only 
ditfered in its dimensions and details of construction. Allusion 
was next made to the dry docks at present in use, and ^he dimen- 
sions was given of a work of this Кіші recently completed at 
Portsmouth, which was sufficiently large for docking the 
*Minotaur, a vessel of 6621 tons. The inclined plane or slip 
had nleo received ita share of improvement. In situations where 
the foreshore was favourable, it was observed that the slipway 
was peculiarly applicable for small vessels, on account of its 
evonomy, and that the hydraulic press had been used advantage- 
ously as a hauling power. But a graving dock of large dimen- 
sions waa necessarily a costly work. It must be approachable by 
& deep channel, and must therefore be adjacent to deep water. 
In a gravelly воћ, or in rock penetrated by fissures, the difficulties 
were sometimes nearly insurmountable. Doubtless the great 
coat of these docks, aud the impracticability of making them at 
all,in some situations, led to the use of floating docks. These 
were at first built of timber, of moderate size ; and a description 
wns given of a work of this kind іп the harbour of Marseilles, 
The same priuciples were subsequeutly applied to docks of large 
dimensions, constructed of wrought-iron, and furnished with 
elaborate pumping machinery. This system attained considerable 
development in America, there being timber docks on this 
principle at New York, Charlestown, Savannah, Mobile, New 
Orleans, Portsmouth, and Pensacola, a full description of which 
would be found iu Mr. Stuart’s ‘ Naval Dry Docks of the United 
States” Those at Portsmouth and Pensacola were so arranged 
that, after a vessel was placed on the pontoon, it might be 
hauled ashore on its cradle, on bedways prepared for the purpose. 
The dimensions of that at Pensacola, which was completed in 
1851, with the cost, were given. The floating sectional docks at 
Ban Francisco and at Philadelphia were next doscribed. It was 
contended, that the use of floating docks was necessarily limited, 
notonly by their enorinous coat in construction and manipulation, 
but their liability to accident from mismauagendent, of which 
instances were cited. 

It was with a view of meeting, as far as possible, the objections 
to existing systema, that the author proposed the Hydraulic Lift 
Graving Dock as an efficient and economical substitute for the 

uirements of the Victoria (Lundon) Docks, The works were 
ultimately undertaken by ‘The Thames Graving Dock Company,’ 
the aite selected being a plot of 26 acres of land lying between the 
Vietoria Docks and the Thames, and below the level of high water. 
This site admitted of a direct entrance from the Docks, with 
а permanent water level, without the cost and delay of a special 
entrance from the river. The soil was a deep bed of bog and 
alluvial mud, оп a substratum of gravel. The only excavation 
necessary was the lift pit, and its deep entrance to the dock, 
where а coffer-dam was employed. The depth of water in the 
lift was 27 feet ; over the remaining water space it was only 6 feet, 
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which was the maximum draft of the pontoons. In the shallow- 
water space there were eight pontoon berths, separated by jetties, 
for workshops and access. They were all 60 feet wide, and from 
300 feet to 400 feet long. The area of shallow water was 16 
acres, or sufficient for floating 15 or 20 pontvons, which it 
was estimated was about the number that might be kept employed 
by a single lift. The docking of a vessel consisted of two distinct 
operations :—first, the direct raising of the weight on the lift; 
second, the transportation of the vessel to any convenient position 
for its repair on the pontoon. The lift was a direct mechanical 
appliance for raising the vessel by means of hydraulic ргеазев. It 
consisted of two rowsof cast-iron columns, each 5 feet in diameter, 
sunk about 12 feet in the ground. The clear space between 
the rows was 60 feet, and the columns were 20 feet apart 
from ceutre to contre, and were placed on each side of the 
lift pit. There were sixteen columns in each row, giving 
a length of 310 feet to the dock; but, as vessels might overhang 
at the ends, there was а practical working length of 350 feet. 
The columns were sunk іп the usual manner, about three or four 
being fixed per week. When the requisite depth was attained, 
the base was filled with concrete, and covered with a layer of 
planks, to act as а cushion for the cast-iron seat on which the 
press rested. The columns supported no weight, but acted solely 
as guides fur the cross-heads of the presses, which moved in slots, 
reaching from the top of the preases (just clear of high-water) to 
the top of the columns. The column was covered by а cap, and 
each row was firmly connected together at tho top by a wrought- 
iron framed platform, running from end to end of the dock ou 
each side. This platform formed a convenient permanent scaf- 
fold for raising the rams. The whole leugth of a scaffold was 
68 feet 6 inches. Each column enclosed a hydraulic presa of 10 
inches in diameter, having a length of stroke of 25 feet. The 
rams were solid, and each carried а boiler-plate cross-head 
7 feet 6 inches long, thus extending ! foot 9 inches beyond 
the column on each side. From the ends of the cross-head 
were suspended two iron girders, each 65 feet long, extending 
across the dock to the correspondiug column and press on the 
opposite side. There were thus sixteen pairs of suspended girders, 
furmiug a large wrought-iron platform or gridiron, which could be 
raised or lowered at pleasure, with a vessel upon it. The sectional 
area of each ram being 100 circular inches, a pressure of 2 tons рег 
circular iuch gave 200 tons as the lifting power of each ргевв, ог 
6100 tous for the whole lift; but to find the available lifting 
power, it was necessary to deduct 620 tons, being the weight of 
the rams, cross-heads, chains, and girders, leaving 5780 tons for 
the pontoou and vessel. The water was forced into the presses 
immediately beneath the collar at the top, this being au accessible 
position. The grouping of the presses was ап important con- 
sideration. Stability was secured by arrangiug them in three 

гоцрв ; one group of sixteen presses occupying the upper part 
ofthe lift, the remaining eight presseson oue side forming a 
second group, and the opposite eight constituting the third 
group. The presses in each group were all connected, so that 
perfect uniformity of pressure was secured in each group as 
regarded its individual presses; while the three groups were 
arranged so that their centres of action formed а tripod support, 
upon which the pontoon was seated. Ав auy one point of the 
tripod inight be raised or lowered, without regard to the other 
two, by the most simple manipulation, the pontoon could be 
either maintained қа желу level, or any inclination could be- 
given to it that was desired. Any pair of presses might be 
instantly cut off in the valve room, b means of a plug, even 
during the operation of lifting, without interrupting the process. 
It was stated that the raising of a vessel occupied about twenty- 
five minutes ; and that during the severest cold, a few occa- 
sional strokes of the engine were snfficient to keep all in 
motion, and prevent congelation. 

This life was all that was required for raising or docking a 
vessel, and it was believed that it would be found more econo- 
mical and convenient than any ordinary dock; but it would ac- 
commodate only a single vessel, whereas, by the nse of pontoons, 
an indefinite number of vessels might be placed afloat, whilst the 
most costly part of the system remained constantly available. 
The following was the arrangement adopted: An open pontoon, 
proportioned to the size of the vessel to be docked, waa selected. 
Keel blocks and slidiug bilge blocks adapted to the vessel formed 
part of the pontoon, which was placed on the cross girders, and 
sunk with them to the bottom of the dock. Тһе vessel was then 
brought between the columna, and moored securely over the 


27 


118 


centre of the pontoon. By lifting the girders, the keel blocks 
were first brought to bear under the keel of the vessel. The side 
blocks were then hauled in, by chains laid for the purpose on 
each side of the dock, and the girders and the pontoon, with the 
vessel upon it were then all raised by the presses clear of the 
water. The pontoon was provided with valves in the bottom, 
and thus emptied itself of water. The valves were closed and 
the girders again lowered to the bottom, but the pontoon, with 
the vessel] upon it remained afloat. Thus, in about thirty 
minutes, а veasel drawing 18 feet of water was left afloat ina 
shallow pontoon drawing only 4 feet or 6 feet, and might be taken 
iuto the shallow dock prepared for its reception. Тһе details and 
dimensions of the seveu pontoons at present in use were given. 
The cost of the lift complete and fixed, including columns, 
presses, girders and pipes, had been £20,300; of the 50 Н.Р. 
condensing engine pumps, &с., 23600; and of the connectin 
pipes, &c., £1628. At the end of last year one thousand aad 
fifty-five vessels had been lifted, of an aggregate tonnage of 
719,380 tons, without a single casualty. 

The advantages of the pontoon were then discussed, and certain 
proposed modifications of the system, showing the practicability 
of enlarging it to meet the requirements of vessels of any size, 
were described. 

Та conclusion the author considered the principal features of 
the system were its economy of first cost, by the short time re- 
quired for its construction and erection, and in subsequent main- 
tenance, by the simple and durable character of all its parts; its 
adaptability to almost auy situation, especially in harboura or 
tideless seas, by which any area of shallow water could be ren- 
dered available as a dock for the largest vessels; its capability 
of almost indefinite extension, by the use of additional pontoons, 
or, ая regarded the lift, by the addition of extra columns; Из 
rapidity of manipulation with a small staff, by which even vessels 
in earg» could be docked, with freedom from all strain; and the 
convenient accessibility it afforded to all parts of a vessel, and 
especially іп painting irou ships, their free exposure to light aud 
air. These characteristics were the result of direct experience; 
others might Ба indicated. Thus it is evident the system 
afforded ready means, by the construction of a shallow canal, of 
transporting the largest vessels in cargo, either across ап isthmus 
or over shallow rivers, and of removing vessels of war inland, 
either for their protection or for their employment as a means of 
internal defence; or fur the laying up under shelter, or building 
or navigating vessels іп any shallow-water space, rendering un- 
necessary the large area of floating dock accommodation now 
required, by which a considerable portion of the enormous 
openers which characterised such works might be econo- 
mised. 

<i. 


NEW CHURCH, THORNCLIFFE, NEAR4 SHEFFIELD. 
( With an engraving.) 

Tms church is of early Gothic design of the French develop- 
ment, It consists of nave, trausepts (now used as vestries), and 
tower at its west end, where is also the principal entrance. The 
height to the Ta a of nave is 20 feet, to ridge of nave 44 
feet, and to ridge of transept 37 feet. The external dimensions 
of the plan are 92 feet long, by 68 feet wide; across transept the 
nave is 36 feet wide; the tower is 66 feet high, to which it is 
intended at some future period to add а spire. There are galle- 
ries over the vestries and lobby in tower; sittings are provided 
for 333 persons on the ground floor, and in the galleries for 188, 
making a total of 521. Тһе entire coat waa £2650. 

The traceries of windows and moldings of doors are very bold 
and simple. At the east end is a semi-octagonal apse, in which 
is placed the communion table. The church is built for Messrs. 
Newton, Chambers, and Co., by whom the heating apparatus is 
previded. Their apparatus is found to be very efficient, and is 
very highly recommended by the architects. Тһе walls are 
2 feet thick, these of tower 2 ft. біп. In the tower are cleck loft 
and belfry loft. The walls are built of range work of native 
stone; the shafts in doora, &c., are red Manstield stone: the roof 
is covered with slates with Delabole bands; the internal fittings 
are picked red deal sized and varnished; the roof is boarded to 
collars, in which are ventilators communicating with au exhaust- 
ing flue іп tower. The floor of the church is laid with Godwin’s 
encaustic tiles. 

The church oocupies а site on the top of the kill, commanding 
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a very extensive prospect, and has been erected almost entirely 
by the munificence of Messrs. Newton, Chambers, and Co. of the 
Thorneliffe Iron Works, from the designs and under the superin- 
tendence of Messrs. Wilson and Willcox, of London and Bath, 
architects. The builders were, Mr. Robinson of Barnsley, mason; 
Mr. Smith, of Hemingtield, carpenter and joiner; Messrs. Lead- 
beater and Brown for the other trades. Mr. Sykes waa Clerk of 
Works. There have been very few extra. 


— ———— 


THE INDIAN TRAMWAY COMPANY. 


Tus Railway system of India is one of the most important іп 
the world, and yet it is one of the weakest, since it everywhere 
seeks to meet the commercial requirements of immense masses of 
population by long main lines. These, of necessity, are con- 
stracted with reference to the political needs of the Government, 
as much as with regard to the oommercial wants of the people. 
And even, were it not зо, it is evident that the farther a main 
line of railway penetrates into a country like India, the greater 
is ita inability to meet the enormous traffic which will seek, by 
its means, an easy and speedy mode of transport to the metropolis. 
That main lines of railway like that which links together two 
such cities ая Calcutta and Delhi, are altogether unable to meet 
the demands made upon them, tbe public have not now to learn. 
Travellers are filled with astonishment at the traffic of the railway, 
and wonder at the quantity of produce encumbering almost every 
station beyond Burdwan. бо great, indeed, is the pressure on 
the resources of the railway, that the construction of a donble 
line throughout its length is 4 mere question of time, and one 
upon which there is no division of opinion. But we require a 
stimulus for local traffic, and a means for foetering trade between 
neighbouring districts. Тһе external commerce of the country 
will, to a certain extent, look after itself, but the internal trada 
is yetin its infancy. The greatest efforts are made to provide 
fora yearly increasing export trade, whilst little or nothing is 
doing to break down the barriers between province and province, 
and to create aud stimulate trading intercourse between the 
various nationalities of India. 

Тһе Government is at a loss how to meet thia want. It cannot 
make roads fast enough, aud besides this, its first duty is to make 
the districts easily accessible from the metropolis, rather than 
easily accessible to each other. There are, however, two com- 
panies in the field, who promise to do this last work more effeo- 
tually than any Government could do. These are the Indian 
Branch Railway Company and the Indian Tramway Company. 
We have before us “the Proceedings of the Fourth Annual 
Geueral Meetiug" of this last company; at this meeting the 
report for the year 1865 was read. 

The proceedings, which are accompanied by an excellent map, 
have reference to the line between Arconum and Conjeveram, in 
the Madras Presidency. This line was opened for 164 miles on 
the 8th Мау, 1865, and for the whole distance of a little over 18 
miles on the 1st August. Of the total length, 144 miles were 
constructed оп a Government road, whilst 4 miles were carried 
across country. The total cost of the line was £75,000. Now, 
taking into consideration the whole of the circumstances of a 
railway scheme of this nature, and remembering that a short 
line is almost as expensive as a long one, we find the line between 
Arconum and Conjeveram has established the following facts :— 
“Тһе railway had been constructed, not only within the capital, 
but within the mileage cost originally assumed, and the returns 
already exceeded the highest per-centage ever obtained on any 
Colonial line daring the first few months A weekly mileage 
return of £9 Would pay 5 per cent., and the line was earning at 
starting about £7 of that eum, with a constantly increasin 
traffic. The shareholders were entitled to the full credit о 
having established the important fact that cheap light lines of 
railway could be made in India, at a total cost for all expenses, 
including еррдіпев aud rolling-stock, of £4000 per mile, capable 
of transporting loads of 100 tons at 35 miles an hour, аба very 
moderate cost for fuel, with working expenses commencing at 
65 рег cent, which had since been reduced to about 50 per 
cent., and at ite earliest opening payiag a dividend of 4 per 
cent.” 

This shonid show the Government the value of these subesi- 
diary companies, and induce it to grant them more liberal and 
favourable terms for the construction of lines of light railways, 
which shai] foster and develop trade between province and 
province. —JTurkaru. 


NEAR SHEFFIELD. 
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THE COUNTY LUNATIC ASYLUM, CLARE, 
IRELAND. 


Тив site of thia building consists of 40 acres of land within а 
mile of Ennis, on the Gort-road, at the northern side of the town. 
The building faces the south, towards which the ground slopes 

ntly. The character of the building is simple and bold. There 
is a central tower of good outline; the windows generally are 
eircalar-headed, have plain square architraves surrounding them 
stopped on square sills, 

t consists of a front centre building containing the official 
residences and public rooms, two wing buildings for the patienta, 
with two airing courta at the rear of each, and a rear centre 
building containing the dining-hall, kitchen, laundry, and other 
officea: the front and rear centre buildings are connected by 
covered corridors. 

The extreme length is 600 feet, of which the front centre 
building occupiea 80 feet, the wing buildings extend 200 feet at 
each side, where they returu about 100 feet, the remainder of the 
length being occupied by the infirmaries. The extreme depth of 
the building at the centre is 330 feet, and embraces the kitchen 
and laundry offices, with-the rear and front centre buildings. 
Тһе дау-гоогав average in size 40 feet by 24 feet. The dining 
and recreation hall is 56 feet by 30 feet, aud the height of two 
stories, with за open roof. 

A series ef day-rooma, on the ground floor, dormitories on the 
upper fleora, counected by passages of moderate width, have been 

opted. It ів thought, with the sanction of the Board of Con- 
trol, that this arrangement іп separating the day and night 
accomamedation of he patients, and otherwise assimilating their 
circumstances to thoae of ordinary life, іх preferable to the usual 
evrridor, or “ward syetem,” ав it is termed. The infirmary 
buildings are placed at the extreme ends of the wings, At the 
rear, connected with the airing courts of the male wing is a 
working ground, with suitable workshops opening to the same. 

The front centre building, which projecta about 50 feet from 
the зада, is placed at a higher level, and with a terrace front, 
admits of a basement, in which the kitchens and offices for 
physician and matron are placed. The chapel, which has a 
vestry and separate entrance for male and female patients, is 
situated on the first-floor at the rear of the front centre 
building. The ground floors of the wings are chiefly appropriated 
for day-rooms and single rooms. The day-rooms nearest to the 
centre, at each side, are for the tranquil patients; those more 
distant for the refractory. These latter are moatly intended to 
sleep in single rooms, situated in the returns of the wings. The 
refractory patients all through will be separated from the rest. 
The tranquil patients will sleep on the upper floor, chiefly in 
dormitories; and the middle class of patients will ocoupy the 
first or middle floor, where day-rooms and dormitories are pro- 
vided for them. The attendants’ rooms are placed next the dor- 
mitories, with glazed doors between, and are in the proportion of 
one attendant to thirteen patients on an average. The whole 
number of patients for which accommodation is provided is 260; 
and 25 ft. superficial are provided in the day-rooms for each 

tient, and 50 ft, superficial in the dormitories, the ceilings 

ing 12 ft. iu height. 

Infirmary accormniodation is provided for one-tenth of the 
whole namber of patients, and single rooms in the proportion 
of 30 per cent. Two staircases with solid wells are provided for 
each wing. The kitchen, 33 ft. by 30 ft, adjoins a scullery and 
a boiler-house. The farm offices, steward’s house, бс. are to 
sempre a separate detached block of buildings. 

The walls are built of the local light-blue limestone, and the 
outside walls are lined with brick of the locality, the quoins and 
dressings neatly chiselled. Sandstone is used for staircases and 
door-sills ; and, as a eheck ta the spread of fire, should such 
ever happen, stone-silla, resting on arches, are set across the 
corridors at intervals of about 40 ft. The cross walls which 
there occur are carried up to tbe underside of tbe slating. The 
plates for the floors throughout are carried on stone corbels, and 
wood lintels аге very sparingly, if at all used. The roofs of the 
dining-hall, kitchen, and laundry are formed with open timber 
framing, and have louvred ventilators. The Йоогв of the water- 
closets, lavatories, and baths are formed of Valentia slate. 
Almost throughout the entire building the interior is plastered. 
The windows have wood sashes, except those to the single rooma 
for refractory patiente, which are of wrought-iron. The ventila- 
tion is to be effected by flues from each reom, carried into 
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horizontal galvanized iron air-trunks in the roofa, themoe into 
the side towers, in each of which a shaft is carried up, with fire- 
place at bottom to eusure an upward current. These buildings 
were chiefly designed by Mr. W. Fogerty, architect, of Dublin, 
and are being completed under the joint superintendence of 
Mr. J. Fogerty, of Limerick, and Mr. А. С. Adair, the county 
surveyor of Clare. 

The amount of the present contract, exclusive of boundary- 
wall, gate and other lodges, farm offices, baths, water-closeta, 
and engineeriug works, is about £29,000; but it is estimated 
that when these additional works are completed, the total 
cost will amount to £35,000. Mr. Michael Meade, of Dublin, 
is the contractor, апі Mr. Fitzgerald clerk of the works. 


Obituary. 


John Diron.—John Dixon, of Darlington, civil engineer, died 
10th October, 1865. He was the oldest railway engineer of 
the day, having been the resident engineer on the Stockton and 
Darlington Railway, under the celebrated George Stephenson 
when he made his first attempt at railway engineering; and it is 
singular that, after executing various railways in different parts 
of the kingdom, Mr. Dixon should return to Darlington to end 
his days as consulting engineer to the Stockton and Darlington 
Railway Company, in whose service he died, having been from 
1820 to 1865 actively engaged in the construction and manange- 
ment of railways. He was born at Cockfield, near Raby Castle, 
Durham; his father was а colliery owner as well as а land sur- 
veyor and colliery engineer; and from him he received that sound 
practical and scientific knowledge which was of especial service 
to him iu after life. It may be noticed that his grandfather's 
brother was selected by the Royal Society to go to Bencoolen, in 
Sumatra, to take observations of the transit of Venus across the 
sun's disc іп 1761, and also to go to observe another transit of 
Venus at the Island of Hammerfest, near the North Cape, in 
1769. When the question of making a communication between 
the Durham collieries and a port of shipment was under discus- 
sion, Mr. Jolin Dixon was able to give some very usefal infor- 
mation, having in his possession plans and seetions which his 
grandfather, George Dixon, а man of scientific eminenee in the 
county, bad prepared about the year 1760, when he proposed 
canal communications with the collieries. When George Ste- 

һепвоп was consulted as to the construction of the Stockton and 

arlington Railway, Mr. Dixon was engaged to show him the 
plans and levels in his possession, and to accompany him in 
examining the district; a strong friendship then sprung вр, which 
lasted through life. During the construction of that line Mr. 
Dixon remained at Darlington as Mr. Stephenson’s residen} 
engineer; and it was during this period that Mr. Stephenson’s 
only son, the late Robert Stephenson, received from Mr. Dixon 
his first instruction in taking levels and surveys, and in setting 
out railway works. Mr. Dixon was George Stephenson's resi- 
dent engineer on the Canterbury and Whitstable Railway, on 
which was constructed the first railway tunnel. Не was resident 
engineer at the Manchester end of the Liverpool and Manchester 
Railway; and remained for some years after Ив completion in 
charge of the maintenance of the way and works, and of the loco- 
motives, a post of great responsibility, there being at that time 
ne experience to guide engineers ав to the relative durability of 
the different working parts of locomotive engines, or of the best 
modes of repair. After constructing the Birmingham and Derby, 
the Chester and Birkenhead, and the Carlisle and Whitehaven 
railways, he returned to Darlingtou in 1845, where he remained 
till his death. Mr. Dixon might perhaps have attained higher 
eminence, and һауе been more known to tbe publie generally, 
had he been а man of of more ambition; but his retiring nature 
led him at all times to shun publicity. 


Alas Stereuson.— Alan, eldest son of the late Robert Stevenson, 
civil engineer, aud designer of tbe Bell Roek Lighthouse, 
was born at Edinburgh in 1807. He was лева at the 
High School and University, where he greatly distinguished 
himeelf, and tock the then somewhat unusual degree of Master 
of Arta, and obtained under Leslie the Fellowes Prize for excel- 
lency аз an advanced student of Natural Philosophy. Не after- 
wards studied in England, and received the degree of Bachelor 
of Laws from the University of Glasgow. 
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His own wish was to study for the Church, but he gave it up 
for his father's profession, in which he soon made himself a 
name. Though obliged by illness to retire from work when in 
the fulneas of his years and powers, the services he performed as 
Engineer to the Commissioners of Northern Lighthouses were 
such as to entitle him to lasting remembrance in the annals of 
our highest scientific achievements—in a department at once so 
perilous, difficult in its nature, and so iuestimable in its resulta. 
During his connection with the board, he introduced many 
improvements іп the dioptric system of illumination, and erected 
numerous lighthouses on the coasts, including his masterpiece, 
the renowned Skerryvore, which breasts the mighty /etch of the 
Atlautie, which, whether we regard the beauty of its design, its 
magnitude, the perfectiou of the work, or the difficulties of its 
beginning, may safely be said to be unsurpassed by any similar 
structure in the world. 

There is little doubt that the mental tension caused by the 
responsibilities and difficulties of this work, acting upon his 
sensitive, chivalrous, and unsparing nature, was the main cause of 
the sudden shattering of his nervous system, which in 1852 made 
it necessary for him to witlidraw abaolutely from liis profession 
and the world. His decease took place at his bouse at Porto- 
bello, on the 23rd December last, in his fifty-niuth year. Besides 
his purely professional ехсеПелсев, Mr. Stevenson had genuine 
literary genius—not receptive merely, but in the true sense 
original. Mr. Stevenson was a Fellow of the Royal Society of 
Edinburgh, a Member of the Institute of Civil Engiueers ; aud 
had medals presented to him by the Emperor of Russia and the 
Kings of Prussia and Hollaud, in acknowledgment of his great 
merits in lighthouse engineering. His most important work 
was the “ Account of the Skerryvore Lighthouse, with Notes on 
the Illamination of Lighthouses” (4to. A. and C. Black, 1848.) 
lle was also author of a biographical sketch of the late Robert 
Stevenson (Blackwood, 1861); ‘ History, Construction, and 
Iilumination of Lighthouses” (Weale, London, 1850). Не was 
a contributor to the © Encylopedia Britannica” and the ** Edin- 
burgh Philosophical Journal" He was the elcer brother of the 
well-known David aud Thomas Stevenson. 


— < —— 


Decorations of Edifices in Paris.—The conclusion of the works 
of the new church of St. Augustin, іш the Boulevard Malesherbes, 
affords a good opportunity of estimating the large amount of 
work created in Paris for artists and art-workmen by the autho- 
гійез. In the first place, the three principal doors of the 
church, which have recently been hung in their places, are 
executed in copper by the galvano-plastic process, ufter the 
designs of M. Baltard, the architect of the church. The upper 
part of the central door is occupied by figures of the cardinal 
virtues—Justice, Fortitude, Prudence, and Temperance, model- 
led by M. Mathurin Moreau ; the corresponding portions of 
the two smaller doors are decorated with small figures of angels 
bearing the signs of the Passion, by the same sculptor. The 
lower portions of the doors are ornamented with foliage, inter- 
mingled with shells, rashes, vine leaves, aud ears of corn— 
emblems of baptism and communion. Embedded in the stone- 
work over these doors are three medallions of the theological 
virtues, Faith, Hope, and Charity, enamelled on lava, by М. 
Paul Balze. Between the arches of the porch are prominent 
brackets, on which are placed the apocalyptic symbols of the 
Evangelists—the Eagle of Saint John, the Angel of Suint 
Matthew, the Lion of Saint Mark, and the Bull of Saint Luke; 
these figures are sculptured іш stone by М. Jacquemart. In 
niches above, decorated, and divided by small columns, are 
large statues, іп stone, of the Prophets Moses and Elias, by 
M. Chevalier; Jeremiah, by M. Chambard; Isaiah, by M. 
Farochon; Daniel by M. Chardiguy; and Ezekiel by М. 
Gruyère. The principal decoration of the facade cousists of a 
frieze, representing Christ and the Twelve Apostles, by М. 
Jouffroy. Two small lateral friezes contain figures of the 
Fathers and Saiuts—Saint Leon le Graud, by M. Farochon ; 
Saint Angustin, between Saiut Monica and Saint Ambrose, & 
bas-relief, by M. Bonnassieux ; and Saint Gregory, by M. Cham- 
bard. In niches, on each side of the great frieze, are large 
figures of Saint Augustin aud Saint Thomas Aquinas, by M. 
Cavalier. On each side of the great rose window over the 
portico are Sgures of angels, beneath palm branches, bearing 
the tables of the Old aud New Testament, the work of M. 
Lepère. On the parapet, over the pilasters, on the side wails 
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of the portico, are groups of children and various religious 
emblems, by M. Cordier and M. Carrier Belleuse. On the 
summit of the pediment is a cross, supported by two angels, 
bearing the cup and crown of thorus, by M. Schroder. "еве 
exterior decorations alone amount to forty-five figures, sculp- 
tured in stone, and three paintings, besides the metal doors; 
there are, moreover, several mivor decorative works, such as 
bronze candelabra at the entrance, and ornamental water-spouta, 
The interior will be decorated iu keeping with the exterior, but 
the former is not in the same state of advancement as the 
latter, and is expected to occupy the whole year.—T wo fine 
statues in marble, one of Mdlle. Mars, by M. Jules Thomas, 
and the other of Malle. Rachel, by M. Duret, have just been 
placed upon socles on each side of the vestibule which leada 
to the noble staircase lately constructed in the Тһейіге Francais. 
Тһе foyer or saloon of the same theatre is richly decorated with 
a bas-relief and statues, and it is conuected with a gallery in 
which are busts of a large number of the most celebrated dra- 
matic authors and actors. The decorations of the former are 
new ; the gallery has been in existence for а long period, but ita 
contents are being constantly augmented. 

Introduction of Gas into Indio.—The introduction of gas into 
the territories of the Nizam is an event of no ordinary kind. In 
а state where the telegraph wires are regarded with the gravest 
distrust, and where the prospect of a railway engineer's appear- 
ance is discussed on deep political and religious ground, one might 
well have supposed tliat the preparation of so mysterions an 
agent as gas, almost at the very gates of Hyderabad, would have 
excited the liveliest apprehensions withiu. However this шау 
be, one house in Chudderghaut is now brilliantly illuminated 
with gas; and the experiment, tried at the risk and expense of 
one individual, has proved so successful, as to induce the hope 
that in а short time oil and candles will be entirely superseded in 
the principal houses of Chudderghaut. The gas, which ie pre- 
pared either from common oi] or from seeds containing a fair 
per-centage of oily matter (especially the castor-oil seed, of which 
oue pound yields over ten cubic feet of gas), appears free from 
any noxious properties, and furnishes a pure and brilliant light, 
at a very trifling expense. Though, as is usual in such cases, 
pe enterprise has taken the start of public action, it ia to 

hoped that the machinery brought out from England by Mr. 
Marrett (the civil engineer in the Nizam’s service) may not be 
confined eutirely to private purpuses.— Times of India. 

Excavations at Rome.—At Rome, the Via Appia has been 
anew excavated аба spot known by the name of Santa Maria 
Nuova, at the expense of Count Tyszkiewicz; the researches have 
led to the discovery of a draped statue of considerable merit. In 
laying bare a tomb, remarkable for its peculiar interior disposal, 
the explorers found a mosaic pavement representing a rather 
uncommon subject, viz., а skeleton reposing on a couch, with the 
inscription in Greek letters which Socrates had observed on the 
Temple of Apollo, at Delphi, “Know thyself.” Near the spot 
were also fonud colossal бас шет of nrchitectufal ornaments, 
supposed to have formed part of a splendid tomb of the Antonine 
period. Оп Ше 22ud ult. the Roman Pontitical Academy of 
Archeology met, under the presidency of Profesor Salvatore 
Betti. Commander Visconti, perpetual seeretar furnished 
detaila of the excavations now carried on at the PulaWne, at the 
expense of the Pope and Commander Constantin) Baldiui, 
minister of commerce and public works, Already вМровз of 
considerable dimensions have been brought to light, 3 
with paintings, stucco-work, and marble. Не also descri 
investigations now continuing in the neighbourhood of 
The Rev. Felice Prolila, rector of the Pontifical Seminars and 
secretary of the Commission of Sacred Archeology, also ра an 
interesting account of the excavations which lave taken plae in 
the Catacombs of Rome, from November 1860, to May 1865.. 


Railway Carriages —It appears that new carriages have been 
built in Milan to run upon the long line of railway from «за to 
Brindisi, which is to convey the Indian mails and travellefe from 
England. Some of these carriages are adapted for fanfilies or 
parties of friends. They are rather longerthau the us car- 
ringes, and divided into three compartments, communicating by 
sliding doors, There ів the nnte-room for servants, the sitting- 
room with four convenient sofas, upon each of which ong person 
can sleep, а bed-room with & bed for two persons, Washing 
apparatus, &с., while in the daytime the travellers can walk up 
and down through the three compartments. 


чр" 
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THE LATE MR. DAVID ELDER, ENGINEER.* 
By James В. Napier. 


Tux history of so remarkable a man as David Elder must be 
interesting to many on account of his connection with works 
which have made Glasgow and the Clyde notable, and given to his 
employer a fame which is known over the engiveering world. A 
respect for his memory, and the great benefits received from his 
advice and experience, induced the author, in the absence of 
those older and more able for the duty, to make the attempt. 
The author is indebted to an old friend of Mr. Elder’s family 
for an account of his early life, of which he has availed himself. 

David Elder was born at Little Seggie, near Kinross, in 
January, 1785. His father was an Anti-Burgher elder, and іп 
consequence of the religious strife in the district, he was deprived 
of such education as the parish school of Orwell then afforded, a 
loes he ever after regretted. 

About the age of 15 he was put to learn his father’s business, 
that of a country wright, and at this period the repairs of Craigie 
Mill, at which he was occasionally employed, afforded him an 
early opportunity of studying mill work. The intermittent noise 
of this mill, which had wooden cogs and rungs, and a flat bar for 
the axle of the trundle, attracted his attention, and taught him 
his first lessons in wheel work and gearing, which he afterwarda 
practised so successfully. It appears that as his studies were not 
in accordance with his father's wishes, he resorted to Little Seggie 
Glen to study Випвотв Euclid, and a work on algebra translated 
from the French— which he had travelled 18 miles to get posses- 
sion of; and when his seniors would be devoutly employed at a 
tent-preaching, David Elder would be found studying hydraulics 
before some old water-wheel in the neighbourhood, or the archi- 
tectare of some old castle. 

On one of these occasions he found out a simple approximate 
rule for estimating the weight of water in pipes. A tin can of 
hia mother’s, which happened to be three inches diameter and 
four inches deep, he found held, аз he 5314, just a pound of water; 
and as the equare of the diameter multiplied by the length was 
equal to 36, во David Elder settled that a pipe a yard lung held 
ав many pounds of water ав there were inches in the square of its 
diameter. It was sufficiently accurate for the most of his require- 
ments, and very easily remembered, and he coustantly used it. 

In 1804 he went to Edinburgh,'and was employed at Charlotte- 
aquare buildings, and borrowed such books as he could get to 
study, from a bookstall in the Luckenbootha in the High-street, 
for a penny a night. | 

While repairing а mill about this period, at some very inaccessi- 
ble part of which he had been working for two or three days and 
nights consecutively, in a dirty hole partly filled with water, and 
was therefore very tired, he was so disgusted, when giving the 
last turn, as it were, to one of the nuts, to find that the thread of 
the screw had stripped, and rendered all his labours useless, that 
he vowed if ever he had a chance he would make bolta and nuts 
whose threads would never strip. 

In 1814 we find him married, and employed by Messrs. J. 
Clark and Co, of Paisley, and afterwards superintending the 
buildiug of their factory at Mile-end, Glasgow. Не was after- 
wards employed by Mr. James Dunlop, in the ereetion of Broom- 
ward Mill One of the walls of this building having got bent, he 
contrived a large truss of timber all tbe length of the building, 
laid on one of the floors, and, by means of bolts passing throug’ 
the frame and walls, attempted, by screwing up the nuts, to 
straighten the building. He succeeded merely in compressing 
the timber. This lesson he never forgot. 

About the year 1820 he appears to have made a business con- 
neetion which was unsatisfactory to himself, and in 1821 be became 
manager of Mr. Robert Napiers engineering works, then at 
Camlachie. 

A circumstance whicli induced his employer to commence and 

ute the manufacture of marine engines, and which need not 

re be mentioned, gave Mr. Elder an opportunity of putting in 

practice many of those improvements in macbinery the want of 

which had previuusly caused himself so much discomfort, and of 
originating many others. 

About the year 1822, his employer had contracted for his first 
marine engine for a steamer called the Leveu, to ply between 
Glasgow вод Dumbarton. The few tools at Mr. Elder's disposal 
at this period may surprise many. A few 10 inch to 14 inch 


* Read at the Institution of Eogincars In Scotland, 
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turning lathes, with wooden sheers and small narrow pulleys 
and belta constantly slipping, a rude horizontal boring mill, and 
a smaller vertical boring machine, constituted the greater part 
of the stock. With these he succeeded in making a piece of 
work to which he often afterwards referred with pride. Many 
of the improvements of the marine engine were first introduced 


own, that he preferred always to work with good cartwrights or 
house-joiners, and selected the most intelligent of these to super- 
intend the different departments, and for any important tool, 
believing that they would carry their ideas of close-fitting joints 
of wooden structures along with them, when they would be 
called upon to construct iron ones, In this belief he was not 
disappointed, and in order to assist in working it out he соп- 


trived many tools which would execute the work better, and 
make him independent of the services of those who rebelled 
against his system, and would have compelled him to adopt 
theirs. One of these tools is the parent of all the paring 
machines It was for many years the only tool of the kind in 
the country, and performed work with an expedition and accu- 
raoy which no handa could execute, and which, at the date of its 


construction (1833) did the work of those legal hands, ns they 
called themselves, who had then combined to stop the works by 
their Union. They called it the “devil.” It маз the greatest 
“nob” ever entered the establishment, aud was designed 
principally for finishing the straps of the connecting rods and 
side rods; but, like every tool which has ever been constructed, 
it got other work to execute, and was therefore seldom idle, and 
lef to works being undertaken which were formerly unthought 
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of, on account of the difficulty and expense attending their 
execution. He afterwards designed a much larger tool on the 
same principle. 

A simple addition toan ordinary turning-lathe secured the 
greatest strength with the smallest quantity of material in his 
а1де-годв, crossheads, «с. 

The link of his punching machine, or piercing engine, may be 
instanced as one among many of his improvements іп tools. In 
this the loss by friction is reduced to a minimum when the pres- 
sure is greatest 


His knowledge of the forces which acted on the different m 
of а machine, appeared as а sort of instinct, and for which he 
provided in the most scientific manner. He prevented the 
possibility of any work being performed by the joints of the 
frames, and so economised the available power of the engine, by 
having every joint metal to metal, and as much bearing surface 
and as closely fitted as it was in the power of the men and tools 
at the time to execute; and in the bolts and nuts which fastened 
these frames, each and all of them were во turned and fitted by 
draw-tiling, and the seats for the bolt heads and nuts made во fair, 
that every thing was bearing iron to iron. Тһе neglect of this 
sound mechanical рани» in some of the works of competing 
engineers, led to their rapid deterioration. The perfection of 
modern tools has made these shaky works much less frequent 
than ey 

The trouble which the loss of vacuum in the condenser often 
gave to other engineers, from leakage round the main centre, he 
avoided entirely, by the simple expedient of casting a tube through 
the condenser, into which the main centre was driven; and also 
by the greater rigidity he gave to the main centre by not reduc- 
ing it in the middle of its length, as others had done. In order 


that this main centre should be thoroughly fixed and rigid under 
the greatest strain that could possibly come upon it, he invented 
a tool for boring the tube. This tool was self-acting іш its feeding 
motion, and bored itself a conical hole, во that when the main 
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centre was prepared, and thoroughly driven home by the force of 
large rams suspended from the ceiling of the fitting-shop, it was 
immovably fixed. This tool for boring conical holes he used on 
many occasions afterwards. The main centre itself, notwith- 
standing this care in its fitting, was prevented from turning in 
the tube by three keys driven in above it, and none below, as some 
were wont to do, thereby taking all the stress due to the weight 
of the levers, &c. &c., off the keys. 

The first double engine he designed waa for the Eclipse, a 
vessel which sailed between Glasgow and Belfast. At the start- 
ing of this vessel, in July 1826, he was nearly killed. The hot 
well was open above, as was then usual, the one engine had 
formed the vacuum, and the other had got hot, sending the hot 
water and steam through the hot well into the engine-room, and 
severely scalding Mr. Elder, who was tbe last to get out of it. 
This accident led him to raise and close the top of the hot well, 
and lead a waste pipe to the outside of the ship, as is now 
universally done. 

He economised to the utmost the power required to work the 
long D valve which he commonly used, and greatly reduced the 
cost of keeping it in efficient order by a skilful disposition of the 
packing. He lengthened the valve upwards and downwards 
beyond the face, so as to get the packing immediately opposite the 
port, thereby reducing the pressure both upon the valve face and 
packing. Some of the old arrangements of packing are to be 
seen in the enginesof Boulton and Watt, and others, in Tredgold's 
work on the Steam Engine, ss well as the old arrangement of 
air-pumps, which Mr. Elder made efficient by the simple expe 


dient of lowering the working barrelof the pump to within а 
short distance of the bottom of the well. However self-evident 
such an arrangement may appear now, or when pointed out, a 
different practice was followed in the marine engines of the 
period preceding the commencement of Mr. Elder's career. | 
His early practice of what modern engineers call cushioning 
the steain, by the cover which he invariably put on the eduction 
side of the valve, so that the steam left in the ends of the 
cylinder, in the ports, and passages would, at the end of the 
stroke, be up to the pressure of the boiler at the beginning of 
the next stroke, showed that he was as well acquainted with the 
practical advantages of а system which he had reasoned in his 
own way to be true, as Dr. Rankine, our worthy Professor of 
Engineering, is, with his theoretical deductions ou the same sub- 


ject. Не was, at the same time, quite alive to the effect this 


cover on the valve would have on the steam escaping from the 
cylinder to the condenser, and to the neceasity of having larger 
ports to let the steam out of the cylinder than to let it in, owing 
to the reduced pressure after it had done its work. When others, 
therefore, were working with small ports, Mr. Elder had gained 
a decided advantage in the greater power and efficiency which his 
arrangement produced. The author believes he was the first to 
apply expansion valves to steamers, in the engines of the 
Berenice, built for the Honourable the East India Company, 
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drawings of which will be found in Tredgold. A comparison 
of the performances of this vessel with a sister ship, built in 
London, showed very favourably for the economy and efficiency 
ef the Clyde ship. 

An accident to one of the Dundee and London steamers, the 
Perth, about the year 1832, when off the north of England, on 
her vo to London, arising as he imagined from water getting 
into the cylinder from the condenser, caused him to make an 
alteration in the position of the snifter valve, which made it 


nearly impossible for such an accident ever to happen again 

from the ваше cause. Although these snifter valves had been 

originally placed on the condensers of land engimes by Boulton 

and Watt, in their marine engines, they were attached to the 
i 


well of the air pump. Не believed that the snifter valve had 
not shut after the engine was blown through at starting, that 
the air which entered through it prevented the foot valve from 
opening. The condenser would then be filliug with water, till 
it got above the lower edge of the lower port of the cylinder, 
into which it would enter, and then the whole power of the 
engine would spend itself in breaking its weakest parts. When 
these valves are placed in direct connection with the condenser, 
any leakage of air through them increases the pressure in the 
condenser, reduces the supply of water, and shows itself on the 
vacuum gauge and speed of the engine. 

From his own early experiments and later experience of wooden 
structures, he took care, in giving the builders of the wooden 
sbips the plans and directions for the framing and fastening of 
the engine keelsons, paddle beams, and all that atfected the rigid 
fastenings of his engines to the ships, that these parts should 
be thoroughly well secured; and was wont to boast regarding 
the Atlantic steamer, British Queen, that whatever else of the 
vessel would break up, if she happened to get wrecked, this 
part of his, connected with the engine, would Stick together; 
as it certainly did, to the great disgust of those who afterwards 
purchased the vessel on de Continent, to break her up. It 
certainly cannot be said that such caution was unnecessary 
either for the safety of the ship or machinery. Competing 
vessels on the Atlantic line had their engine frames broken, 
probably from the weakness and twisting of the vessel; and 
the fate of the President will, by those who saw her deformed 
state, and the means takeu to hide it before her departure on 
ber last voyage, be ascribed to a want of that anxious caution 
&nd forethought on the part of her constructors which was so 
thoroughly engrained in Mr. Elders character. For similar 
reasons, he continued the sole plate under the cylinder, and 
was the first (in the author's belief) to do so. 

The fitting of the malleable iron columns to the sole plate and 
entablature of H.M.S. Thunderbolt, may be instanced as an 
example of his care and caution. One of his maxims was to 
make the machinery depend on itaelf for ita rigidity, and not at 
АП upon the vessel. His cast iron Gothic frames, so well known 
for their elegance and simplicity, could be well secnred to the 
sole plates, and to each other, by flanges and bolts of any dimen- 
sions; and the two engines also could be similarly secured to 
each other, so that, let the ship roll, and pitch, and perhaps 
twist, ав she might, the engine was not to twist; it was to be 
affected in the'least degree possible by the probable twisting of 
the vessel. In order to secure as far as possible the same ad- 
vantages for the malleable iron frames of the Thunderbolt as 
for the cast iron, he constructed a large template frame, having 
the holes for the eight columns carefully bored in it. When this 
was laid across the two engines іп the fitting-shop, the boring- 
bar was fitted, and conical holes bored through all the extent 
of the casting for the lower bearing of the columns. The 
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bearings in the entablature were bored from the same template. 
The columns were turned at top and bottom, to fit these holes 
throughout, and draw-filed afterwards, so that there could be no 
prun of motion. The entablature dropped easily over the 

eads of the columns, and by the depth of the sockets below, and 
of the entablature above, the frame was rigid, almost without 
cross-bracing. 

About the year 1840, our Government was induce to contract 
with Mr. Robert Napier for the machinery of two of their war 
vessela—the Vesuvius and Stromboli. Іп March 1843, the 
House of Commons ordered a return of the cost of repairs, 
бс, of a number of steamers, including these. From this 
return, which was printed in June 1843, the author then ar- 
ranged the data as in the following table and made the 
deductions there noted, as it shows more clearly and forcibly 
than anything that can be said ou the subject, that the care 
Mr. Elder bestowed on АП his works was in the highest degree 
economieal to the country, and ought to have made his employer 
the chief of Government contractors, and put the Clyde above 
all competitors. It is here reproduced. қ shows, moreover, 
as applied to mechanics that which many have to learn in regard 
to other matters, that the бегі is the cheapest. 


Seaward. 
И! 
Меола 
$ 
ЗЕЕ 
< 6 а а 
Days under repair ...| 3931 50| 164! 8531 162 
Days in commission | 1173! 273| 919, 1095) 639 
| 
Days in 1000 under 
repair ............... 835 183] 180; 920 258 
Cost of repairs ...... # 1158] 89) 800| 1012) 240 
Cost of engine ue 10997 |14373 23009]11015,10914119331/13880/18480 
Ezpense of repairs for 
every £10,006 of| 
prime cost......... £; 1058 621 347 918 220 
Cost of repairs .....£/ 1158} 89] 800 1012) 240 
Time of commission | 1173| 273 912| 1095| 639 
Expense of repairs 
per day during 
COMMISSION ......... 19/83| 6/6}! 17/64) 18/53) 7/6 | 10/3% 0/10 


Notz.—The chief engineers and captains of the Vesuvius and 
Stromboli can testify that neither of these vessels were ever laid up 
for a single day for repairs of machinery. The repairs of the Vesuvius 
were for repairing nter work, damaged at Acre during a storm; 
and the Stromboli’s, time for enlarging and making new ooal-bunkers. 


Mr. Elder’s ideas of an economical marine boiler are embodied 
in those flue-boilers of the British and North American Mail 
Company’s steamers, the Cunard line, as it is commonly called. 
High and roomy furnaces, so that the gases may be as thoroughly 
mixed, and their combustion as perfect as the dimensions of the 
boiler would admit of, before getting cooled against the roof of 
the furnace, and thereby rendered incombustible, with water 
spaces so large and accessible that every part can be repaired iu 
the vessel. 

When Mr. Robert Napier extended his business so as to 
embrace iron shipbuilding, Mr. Elder, believing that it was im- 
possible to make sound work with the ordinary process of 
rivetting long hot bolts, had the keel plates of the Vanguard, 
the first iron steamer launched from the pew shipbuilding 
establishment, bored, instead of being punched, and the rivets 
made of soft charcoal iron, turned, carefully fitted to their holes, 
and rivetted cold. This was in the year 1842. Those who know 
how important sound workmanship is in those parts of the vessel 
which are so long inaccessible, and often so heavily stressed, WAL 
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appreciate Mr. Elder’s foresight and caution—a caution which 
the inexperienced youth who shortly after took charge of the 
shipbuildiug had much need to learn. 

Mr. Elder ideas of the position of roof-lights for sheda or 
workshops, should be practised more often than they are. These 
lights are often placed next the ridge, the one light showing 


тозе the other, and little light upon the floor or the work on 
it, hen the light is lower down the roof, near the furrow, the 
whole is better lighted. 

His love of music, and early acquaintance with a celebrated 
organ-builder, led bim to construct an organ for his own use. 
Не afterwards erected one for his employer at Shandon, and as 
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the exercise of bellows-blowing was to һауе no part in the іп- 
tended pleasure, he made the water from the hills perform that 
duty in its passage through an engine. This engine has been 
described in Vol. VII of the Transactions of the Institution of 
Engineers in Scotland. 

Mr. Elder thought for himself; he did not do as other people 
did (and as sone аге told to do, by those whose only excuse for 
preventing the free actiou of that faculty with which the Creator 

ав endowed us, must be their own ignorance), if he conld do в 
better thing, or even something as good, of his own. 

The author feels that, in the foregoing remarks, he has very 
imperfectly illustrated Mr. Elders work. Не has said little 
about that great enterprise which firat succeeded in establishing 
a steam ferry onthe Atlantic Ocean itself, whlch astonished the 
world for Ив regularity, due to the sayacity of the late Sir Samuel 
Cunard, the spirited condnct of a few Glasgow merchants, and 
Mr. Robert Napier. The machinery of these vessels, that which 
produced the regularity and gave that feeling of confidence which 
was so marked a feature in its success, differed little from the 
other works previously executed by Mr. Elder, except in the 
greater care he bestowed in simplifying and making as accessible 
as possible every thing in the least degree likely 10 go wrong or 
to require attention, either at sea or in a foreign port. 


Ж 


^ 


————À 


Mr. Elder's connection with Mr. Robert Napier was a happy 
one for himself, and a fortunate one for Mr. Napier and his 
family. When, some years ago, be ceased to be actively employed 
by the new firm of R. Napier and Sons, it was а very gree еге? 
to himself, aud an irreparable loss to the author. He died on 
the 7th Feb., 1866, in the 82nd year of his age. 


DR. EDMUNDS’ SYSTEM OF VENTILATION." 
By Dr. J. M. Barry, 


Mr object in pening Dr. Edmunds’ system of ventilation 
under „Ше notice of this society із, first, because I have ехрегі- 
enced its utility in preserving life and promoting health on board 
the ships of her Tie Emigration Commissioners; aud, 
secondly, because I believe, with very little alteration, the 
apparatus can be adapted to ventilating the crowded dwellings 
of the poor, the ill-ventilated rooms inhabited by whom do not 
materially differ from the confined space allotted to emigrants 
ou board ships during their transit across the pathless deep. 
With respect to the necessity existing for a better system of ven- 
tilation on board ships tban auy hitherto devised, we have only 
to refer to the frightful mortality in crowded passenger ships, 
arising from typhus, cholera, and dysentery. Iu the ships of her 
Majesty's Commissioners, in whose service I hold the office of 
superintendent, the average mortality during the most unfavour- 
able seasons never exceeded two per cent. 

Last year the system of ventilation I am abont bringing under 
you notice was iutrodueed into the service. Some of the ships 

ave accomplished the passage without the loss of a life, many of 
them being altogether free from fever, dysentery, or diarrhoea, 
the dm sources of mortality at sea. Another satisfactory 
result is the reduction of infantile mortality. 

In some Australian passenger ships I could mention, one-third 
of the children under five years havedied, In the Commissioners? 
ships fitted with Dr. Edmunds’ apparatus, worked by a steam 
jet, the resulta have been truly gratifying, some of the vessels— 
the General Caulfield, for instance—not losing any children. 
The system has been introduced into the Royal Navy; and while 
the mortality in the mereantile marine is three times greater 
than in the Navy, the mortality in her Majesty's ships fitted 
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with Dr. Edmunds! system is much less, while the diminished 
sick list amply testifies to the better sanitary condition of the 
sailors dwelliug. 

To illustrate the necessity that exists for improving ventilation 
in ships, and to preserve them from premature decay, I may 
refer to the observations of eminent writers on ship-building 
Murray remarks that the means at our command for the purpose 
of preserving timber from premature decay may be summed up 
in two words—seasoning and ventilation—thorough drying of 
the timber on shore, when practicable; but by all means good 
vevtilation on board. If these well-bkncwn and universally 
approved principles were properly carried out, we should hear 
but little of rotten gunboats, or hasty repairs to frigates after a 
first commission. hat is most urgently required is, that there 
shall be as little stagnation of air as possible. However well 
seasoned and dry the timber may be when a veasel is launched, 
it will rapidly absorb moisture from the damp atmosphere of the 
hold, unless evaporation from Из surface be kept up by a forced 
circulation of air. The beneticial effects ot Dr. Hales’ system of 
ventilation were evidenced by the fact, that from 1753, when it 
was first employed in the old Prince, to 1798, when the use of it 
was discontinued, the durableness of ships was materially 
improved, as well asthe health of the crews of those ships to 
which it was applied, especially transports, . 

The Earl of Halifax, in a letter to Dr. Hales, stated that the 
mortality о the ships on the coast of Nova Scotia which were 
not ventilated was, in comparison with those which were, as 
twelve to one. Пт, Hales proposed to keep up a circulation of 
air with windmills and air pumps, Мг, Parkins followed his 
system, substituting fans. 

But what is must urgently required has not vet been practi- 
cally realised—the producing a constant disturbing force on the 
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lower part of the hold, which should give motion to the foul air 
that has a natural tendency to lodge there, while suitable means 
are, at the same time, in operation tor carrying it off, and supply- 
ing ita place by the introduction of pure air. The constant 

eration of some means to produce this effect is necessary for 
the preservation of ships, the health of the crew, and the ship's 
stores. 

The introduction of pure and dry air into the hold is requisite 
to carry off the hami.l particles which adhere to the interior of a 
ship, кп! excite the latent elementa of decay which, under cir- 
curpataices favourable to their development, are soon apparent. 

Fiucham, in his “ Outlines of Ship-Building,” remarks that it 
ig in the hold of a ship, more than in any other part, that Ше 
destruc.ive agents accumulate—.noisture and impure air, arising 
{готы the decomposition of animal aud vegetable substances which 
fall into the hold, or accumulate from the defective mauner of 
etowing ships. The want of proper ventilation will produce the 
moxt serious results to the health of the crew аца the condition 
of the slip. 

To accomplish what is desired, а svstem of ventilation ia 
needled which will ensure a pure atmosphere in every part of the 
hold, and between the Ческа. In order to prevent the destructive 
effects of nir-lieat aud moisture, аш] to pruduce thorough venti- 
lation, some disturbing force should be employed. It being thus 
evident that persons beat qualitied to form an opinion on the 
subject, conceive that an sufficient ‘system of ship ventilation is 
necessary for the preservatiou of ships from decay by dry rot, 
aulas a means for preserviug the health and promoting the 
enmfort of passengers and crews; for as damp and insufficient 
ventilition cause the destruction of the ship, во they prove 
equally injurioua to the health of her occupants; and if an 
ettectual remedy can be found for dry rot by removing ita caus 
by the sune meaus will the ship also be rendered healthy. The 
inventor of the system of ventilation which I now submit for 
your co.sileration has, I think, accomplished what has been so 
long required. 

Dr. Elnnid Staff-Surgeon iu the Royal Navy, has had his 
attention stioigly directed towards the subject of ventilation 
by pniuful experience of disease aud discomfort arising from the 
iuefficient and uncertain measures usually adopted to lessen tlie 
atagnation of air iu the close and coufiued decks of vessels of 
war. The constrnetion of a ship, which is often considered to 
oppose во many obstacles to free ventilation, in Dr. Edinunds’ 
opiuion, іш reality offers facilities, which are now for the first 
time made available by his invention. The importaut object is 
attained by meaus of a novel system of air-ehafts and channels, 
through means of which the perfect ventilation of the ship’s 
timbers, aud of the inhabited decks and cabins, is secured. It 
ін well known that dry rot, or decay, misnamed dry rot, is 
caused Бу the dampneas of the timber surfaces forming princi- 
pally the вез of the openiugs or timber spaces, which аге 
close channels leading up from the bilges at the bottom of the 
hol-l; these have а vent iu the between-decks, and it is for the 
purpose of their ventilation, to prevent decay or dry rot in the 
timbers, that they are left open; otherwise, but for so importaut 
ль olject, such a source of foul smells, malaria, and consequent 
disease, wonld never һауе been allowed во long to pollute and 

»oison the air of а coufiued space in which so many һауе to 
live and hreathe. 

]t would be a parallel case if persons on shore inhabited a 
erowded apartment, ішо which the foul air from a damp uuder- 
ground cellar, with draius running through, had vent by numerous 
open channels; but the passive circulation which takes place is 
insufficient for the purpose intended. The openings sre usually 
in a damp atate; aud any timber employed in the ship’s frame- 
work, if not well seasoned, is sure to Чесау. The premature 
decay of the gunboats, hastily built during the Russian war, is 
conclusive evidence of thia. Ву the first part of the new system 
the operation of these opeuings or chaunels is reversed ; they 
are converted, from their present action of fouling the air, into 
the most effectual means for purifying it. This is effected by 
making them all branch еба оне of one large air-shaft on 
each side of the ship, which beiug led into the fuuna) iu steamers, 
or iuto hollow iron masts or tube aud cowl ventilators in sailing 
vessels, n constant updraught is created through them, up from 
the bilges aud hold, and down from tho mess deck, to the shaft, 
carrying all their foul contenta into the open air, preventing 
contamination from the bilges and hold by creating a constant 
eurreut of air flowiug through the timber spaces. The timbers 
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will be effectually ventilated, and dry rot prevented. Probably, 
even if the ship were built of unseasoned timber, all endemic 
causes of disease existing ig the ship, and which occasionally 
cause, or at least promote, the ravages of fevers in tropical 
climates, will be removed by this plan. In most cases of malig- 
naut fevers occurring on board ships in the Royal Navy, the 
bilgea and timber spaces have been found choked with decay- 
ing matter; and there can be по долы that in the mercantile 
marine similar causes prevail, with leakage from cargo super- 
a и 

lu the reports of the Social Science Ass ciation, it is stated 
that, pe кен іле the great advantages of selection, diet,. 
and discipline enjoyed by the royal navy, the rate of mortality is 
much above the civil population; whereas, from the healthful 


-life led by sailors, being removed to a great extent ffom many 


causes of disease, we night fairly expect them to enjoy better 
health. To complete the ventilation of the decks, channels are 
provided. These are nothing more than the subatitution of a 
strongly constructed nir channel, in place of one or mora of the 
planks forming the ceiling on each side of the deck to be venti- 
lated, These phoke vary in thickuess from three to five inches 
iu a channel of the same depth, aud from eight to twelve inches 
in width, іш proportion to the size of the ship, and can be con- 
structed so that the iron plate completiug the channel above may 
also act as a stringer plate, greatly increasing the longitudinal 
strength of theship. It occupies no apparent space, and is in the 
best possible position fur ventilating the decks, ая it acts imme- 
diately upon the air between the beams, where all the foul, heated, 
and rarified air collects. The deck channels are ventilated simi- 
larin, with openings into the main shaft. Together they form a 
perfect system of ventilation іп steam ships, as nearly as possible 
self-actiug, available where ventilation is most needed, and caus- 
ing no draught, asthe action is diifused by commuuicating cross 
channels, two sides of each being formed by a portion of the cross 
beam aud the deck, completed by a thiu wooden batten perfo- 
rated with holes. It will be seen that this system promotes 
natural veutilatio n, through aiding the eacape of foul air, and 
providing outlets іп the most convenient places for it. The 
funnel draught is most powerful at all timea, but pirticularly 
when steam is up. Hollow iron masts, forming three outlets for 
discharge, are equally effectual iu steam or sailing vessels, as they 
have a constant powerfal updraught. Tube and cowl ventilators 
in connection with these shafts are available in sailing ships, with, 
the advantages обеща used either as uptakes, or, when a fresh 
dry wiud is blowing, the cow! may be faced to the wind, when a 
stream of pure air will be forced through the ship. By either 
mode the deck atmesphere will be rendered pure. But, as a rule, 
ventilation by exhaustion is to be preferred. Pnre air will natu- 
rally take the place of the foul, admitted through batchways, 
ports, aud scuttles Other means of ventilation are also avail.- 
able in connection with this system of shafts, such ав a steam jet, 
fans worked by hand, or a fire draught otherwise applied. ith 
this plan of ventilation the practice of stuffing the timber spaces 
with tans of salt, or other еее ‘substances against dry rot, 
is totally unnecessary. he existence of foul air in the hold, 
damaging cargo, as well as causing disease and discomfort, is 
impossible. The вһаћа and chahnels are of easy construction, 
aud, otice established, are always available, 
Dr, Edmunds’ system has already been introduced, by order of 
the Lords Commissioners of the Admiralty, on board Her, 
Majesty's ship. Royal Soverign, the Zealous iron-cased frigate, 
aud the Favourite. Although under great disadvantages as 
regards ventilation, necessarily attendant upon their construction, 
and not having side ports or scuttles, still they will be undoubted! 
the best and most healthfully ventilated ships ever built. With 
respect to the application of his gystem of ventilation to emigrant 
ships, 1 have received from Dr. Edmunds the following observa- 
tions :—“ Of all classes of ships in which ventilation requires the 
most careful consideration, emigrant vessels occupy the first place. 
lu them we have large numbers of helpless men, women, and 
children, mostly for the first time in their lives crowded together 
in the barrow decks of a ship; unused to the motion of a vessel 
they become physically prostrate, and mentally depressed ; aud 
but for the excellent rules of Her Majesty's Emigration Бегусе, 
carried out under the direction of experienced medical officers, 
their condition would soon become moet deplorable. But even 
under present advantager it has been found impossible to effect 
perfect ventilation of those crowded decks. Effuvia from the hold 
still further contuminates the air already vitiated ton great extent, 
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particularly in calms and in bad weather, when it is necessary to 
close the hatches more ог less. It is at these times that the foul air 
from the holds and bilges becomes niost apparent and injurious, 
collecting chiefly in the highest part of the deck. It isonly under 
exceptional circumstances that the carbonic acid evolved by the 
lungs or generated by vegetable decay escapes.” 
ost of the endeavours to ventilate ships have been directed to 
supply fresh air chiefly by windaails, but they are too uncertain ; 
and in calms, when most needed, are valueless. Those only who 
have been becalmed in an emigrant ship on the bg сап fully 
comprehend the stagnation of air which prevails, particularly 
daring the prevalence of heavy raius, which compel the passengers 
to remain below. The introduction of air in the ordinary way 
cannot be always accomplished without creating an amount of 
damp and discomfort, especially to those berthed in the vicinity 
of the windsails ; and nothing is more common than to find the 
mouths tied up, passengers preferring the close and vitiated 
atmosphere to а cold damp draught from the windsail. When 
we remember that the apertures in the ship’s lining are at the 
same time discharging the fuul air from the hold, we сап under- 
stand the utility аата those openings іп the longitudinal 
tube connected with the perpendicular air shaft, which conducts 
the objectionable air into the atmosphere. As the heated and 
vitiated air escapes through the cowl-headed ventilator, cool and 
ure air occupies its place іп the hold and between decks, so 
ong as there is any wind. During calms it is necessary to have 
some supplemental means of keeping up в circulation of air 
throughout the ship; а steam jet here becomes a valuable aud 
powerful auxiliary, always available when the aerial current 
fails us. 

The steam jet is directed into the shaft, and escapes through 
the cowl ventilator, which when steam is used must be turned 
from the wind ; it should be placed near the centre of the ship, 
and for a vessel of 1000 tons ought to be two feet in diameter. 
Through this every upeurrent of oue foot per second velocity will 
discharge 10,800 cubic feet per hour of foul air—with a breeze 
blowing, the velocity will be about ten feet per second; this is 
amply sufficient to renew thoroaghiy the vital air in every part 
of the structure, without creating the least perceptible draught. 
During the day the air is drawn equally from the passenger deck, 
hold, and bilges, but at night almost exclusively from the pas- 
senger deck, the hatches communicating with the hold being then 
closed. The respiration of ап individual during one hour is 
estimated at abont ten cubic feet, the quantity mentioned as 
carried off ; and an equal quantity of fresh external nir intro- 
duced is at the rate of 400 oubic feet per hour for each of 250 
individuals. The source of the steam jet in vessels propelled by 
sails ia the condenser. The difficulty of stowing sufficient water 
in a ship for а long voyage has led to the use of distilled water, 
which is found, when properly aerated, to be perfectly sweet and 
wholesome ; therefore a distilling apparatus is provided in Go- 
veroment emigrant ships, from which a supply of steam can 
always be obtained, of course diminishing the quantity of oon- 
densed water, which a few additional hours’ distilling will com- 
pensate Гог, and will, in lieu, create at the time of the greatest 
need a “circulation of air” of vital consequence to the health of 
the emigrants. The action of a jet of steam is well known to 
carry up with it a quantity of air іп proportion to the pressure 
from which it is liberated: a half-inch jet at 20 lb. pressure 
escaping at the rate of 2000 feet per second, led ара ventilator of 
two feet diameter, will exhaust the air through it at a velocity 
of twenty feet per second. But, though this isthe manner іп 
which it has been hitherto used, опе fourth the quantity of 
steam divided iuto a number of minute jets will oreatea draught 
of equal strength, with the additional advantage that the escape 
of steam is almost silent, whereas a large jet creates considera- 
ble noise, It will be seen that this volocity of 20 feet per second 
circulates upwards of 20,000 cubic feet of air per hour, double 
that caused by the unaided action of the wind, and at a time 
when such increased ventilation is so much needed. In iron 
ships, where timber spaces do not exist, or some vessels of 
war in which they are blocked up, the deck channel becomes 
available as a perfect means of communication with the mess 
deck. In steamers, the necessary updraught is created by con- 
necting the shaft with the funnel, up which there is always a 
draught of from four to eight feet per second, and when steam 
{s up from twenty to twenty-five. Hollow iron masts, which 
are now coming into very general use, are valuable ventilators 


THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 


. and the heated air of a room, ascending 


[May 1, 1860 


in connection with this system; they have а constant updranght 
of from four to ten feet ре second. Doctor Edmunds has 
recently received a report of the practical working of the aystem, 
first employed in the Royal Sovereigu, in 1863, for the ventilation 
prinapally of the ship’s framework, otherwise totally unprovided 
or; it answers this purpose perfectly, removing all foul smells 
from the bilges, and keeping the air of the between-decks pure; 
its utility is proved by their foul state returning whenever its 
action is suspended. рініп Sherard Osborne writes;—I “con- 
sider your apparatus well qualified to ventilate the decks of 
ships devoid of scuttles or ports, and I attribute to it mach of 
the health and comfort my crew enjoyed in the Royal Sovereign. 
Doctor Elliott, surgeon of the ship, states:—“I have much 
pleasure in bearing testimony to your system of ventilation, 
which has acted so thoroughly in removing the foul air from 
the bilges and hold of this ship; І consider it one of the best 
sanitary measures introduced on board Her Majesty’s shipe.” 
The Admiralty have directed Dr. Edmunds to prepare plans for 
most of the snips now being built. In the commencement of 
the year 1864, Her Majesty's Emigration Commissioners, ever 
anxious to make the ventilation and other arrangements of their 
ships as perfect ав ible, permitted Dr. Edmunds to carry 
out his system in three of the ships taken up by them—the 
Nn Union, the жегі Rosell, and she General Caulfield. 

е report upon the working of the system speciall пігей 
by the ыу жасы қалы has established its ро The реалды 
superintendent of the Earl Russell reported to the Commis- 
sioners that it was the most perfect system of ventilation in theory 
and practice he had ever seen. Dr. Carroll, of the Art Union, 
in the course of an elaborate analysis of its effecta, states that in 
the hot latitudes he found the temperature between decks lower 
than he had ever before experienced ; very little unpleasant smell 
was observable in the between decks, and the heated and foulair 
that is usually observed arising at night and from the deck ven- 
tilators was in this instance absent. In the calms about the 
Equator the steam jet was much used; the temperature durin 
its use was reduced, and a very perceptible dranght siae. 
evinced by holding а candle at the air holes, and the strong current 
observable at the cowl head. In the General Caulfeld, in 
which ship I had an opportunity of testing Dr. Edmunds’ ap 
ratus, the results were fully in accordance with the foregoing 
statements. While the steam jet is in operation very little water 
cau be obtained from an a paratus capable of distilling 600 
‘gallons of water per day of twelve hours. Ап extra quantity of 
coal must therefore always be estimated for; I should say abont 
ten tons, the oost of which is quite insignificant іп comparison to 
the valuable results accruin kom the use of this apparatus. In 
a sanitary point of view, independent of the use of the steam jet, 
and depending on the wind, Г consider it a vast improvement, 
superior to any other system of ventilation J have ever examined 
in the course of my experience in superiutending emi t and 
passenger ships ; and I can only conclude that in Dr. Edmunds’ 
method we have every requirement to ensure the effective ven- 
tilation of vessela of war and passenger ships, In directing its 
adoption generally in the ships taken up for the conveyance of 
emigrants, Her Majesty’s Emigration Commissioners have not 
only conferred a great boon on these poor people by making their 
temporary abode upon the waters more healthful and agreeable, 
but the ships will also, in consequence of their timbers being 
kept dry and ventilated, resist the dry rot, and last longer— 
although this in the eyes of the philanthropist isa very secondary 
consideration to the preservation of life and health at sea, By 
conducting the steam jet into the ventilator we increase the cur- 
rent, and thereby discharge the foul air more rapidly—the con- 
clusion arrived at being, that if we succeed in discharging the foul 
air, the vacant space will be occupied by pure. In the case of 
steamers we conduct the channel into {ђе funnel, or, if preferred, 
connect it with the fireplace. Ав tothe Sa Қарық) of the system 
for ventilating houses, I think a very sirnple arrangement wonld 
prove effective, by sifting some of the Ърагдв in each room, aud 
converting the space between the joists into а box three sides air- 
tight, the bottom perforated with miantà apertures penetrating 
through the ceiling of the room below, the air box to communicate 
through the medium ofa tube with the flue, the updraught ів 
which would be precisely sinrilar to the funpel draught iu steamers. 
By this simple arrangement the flues of rooms, at all times 
valuable ventilating agents, will be rendered more perfectly so, 
the ceiling, more ейес- 
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toally carried off. То a certain extent also I should imagine this 
arrangement would be a remedy for smoky chimneys. To insure 
asupply of pure air, not generally obtainable in close narrow 
streets inhabited by a large population of the working classes, I 
would suggest an openiug in the ceiling of the top landing, ter~ 
minating in a cowl ventilator on the roof; arranged to turn with, 
and towards the direction of the wind. This would insure the 
рагеві air obtainable being supplied to the staircase, hall, and 
In the akirting Ба of the rooms the insertion of a 
rforated plate would admit this purer atmosphere. I should 
b glad to have the opinion of practical meu as to the expense of 
this ventilating arrangement. I cannot think it would amount 
to more than a few pounds ; and surely the owners of property 
let in tenements would not hesitate, if this may be deemed an 
important sanitary measure, to tax themselves in a amall degree 
to increase the health, promote the happiness, and prolong the 
lives of a large and important section of the community. 


—__ — 


ON THE SAFETY AND SEAWORTHINESS ОҒ 
VESSELS.* 
Вт Joun Ferrauson. 

RzogwT events have excited an unusual amount of iuterest 
about, and inquiry into, the safety and seaworthiness of vessels, 
aad it may be well for an Institution such as this to give an expres- 
sion of their opinion, аа to whether any course might be adopted 
which would insure greater safety to our mercantile navy, either 
in their build, equipment, or management, It is a fact that every 
year there is a great пише: of losses among the vessels belonging 
to or trading to and from this country. Iam not aware that the 
logseg are increasing in a greater ratio than the increase of ship- 
ping; still, from the greater supervision which vessels are subject 
to, and the improvements which are taking place in their con- 
struction and outfit, together with the арр ication of steamers to 
nearly all our maritime commerce, we should expect that the 

ties would be decreasing. However, we must bear in mind, 
that with the introduction of steamers into so many trades there 
necessarily follows а system of starting on their voyages at stated 
times, rdless of the state of the weather; and also that, in 
order to Keep punctually to their days of sailing, Man are kept 
ing on at times and in circumstances which may not be favoura- 
бы or even safe. To prevent ав much as possible casualties to 
passenger steamers, the Board of Trade have appointed surveyors 
at the prineipal porta of the kingdom, who periodically inspect the 
machinery and hulls, granting certificates to all vessels which аге 
fitted up with their requirements, such vessels being provided with 
boata, lights, and sundry other fittings apecified by the Board of 
Trade. In addition to these, there are rules laid down detining 
which side vessels are to take when passing others, and also 
certifieates are required that the compasses of iron vessels have 
beeu properly adjusted. In fact, they employ means to insure 
the safety of life and property from shipwreck, or other accidents, 
in so far as they consider it consistent to interfere with the 
arrangements of shipowners, To prevent vessela from being shi 
wrecked on our coasts, we have lighthouses to guide, storm sign 
to warn, and harbours of refuge to shelter. To prevent ship- 
wreck through damage to hull and machinery, the surveyors 
examine that all is efficient aa far as can be ascertained. To pre- 
vent loes by collision there are sailing regulations, fog horns, 
steam whistle, &c. То prevent loss by fire there аге fire-hose, 
engines, с. For prevention of loss through errors іп the com- 
there is the reqnirement of a certificate from a competent 
adjuster for all iron vessels. Then, іп the event of accidents, 
they are not unmindful that boats, tife-buoys, rockets, &c., are all 
efficient. Still, for all the precaution and care taken, shipwrecks 
occur occasionally, under such appalling circumstances, that we 
are led to ask, Can nothiug further bedone 7 

The foundering of the London and Amalia, and the immense 
loss of life and property on our coasts during this winter, together 
with the inquiries instituted by the Board of Trade into the 
eauses of the loss, especially regarding the two above-named 
vessela, has brought out many suggestions and opinions as to how 
accidents to the same class of vessels in like cirenmstances might 
be prevented, besides indicating what were the immediate canses 
of the destruction of these vessela, АП our members must have 
read with painful interest the particulars given in the tlie i 
of the investigations ая to the loss of these vesselg— vessels which 
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we have every reason to believe were strong and faithfully built 
and well equipped, able to stand the severe buffettings they were 
subject to without straining, and yet they had to succumb to 
what we might call trifling defects in their deck arrangementa. 
From such events we have much to learn; and if we have 
arrived at the true causes of these catastrophes, it is 4 duty which 
devolves on us to discuss the aubject, to see whether any remedy 
may be found which might tend to prevent the recurrence of such 
accidents, And I would notice that it is evident from the reports 
that the foundering of both these vessels was preceded and 
accelerated hy the immense body of water which was shipped on 
deck. In the case of the London, the lower part of the ports for 
taking water off the deck was about 16 inches above the top of 
the deck, in consequence of there being а box waterway or spir- 
ketting which extended up to that height, so that, until the decka 
were filled with water up to the top of that spirketting, it had no 
way of gettiug off except by the scuppers, and if these were filled 
up by the coals washing about the deck then we can understand 
what difficulties the crew had in their endeavours to close up the 
engine hatch after the skylight was washed away, especially 
when we are informed that the coaming of the engine hatch was 
only about 11 inches above the deck to the check, thus showing 
that the water on deck would Бе flush with the top of the perma- 
nent coaming before it could get egress by the side porta, even if 
the ship was lying level. The quantity of water the deck would 
contain below the level of the ports would probably exceed 100 
tons, and this weight would be increased more than fourfold 
when the water would be ap to the main rail. It can easily be 
imagined that such a weight thrown on the top of a ship would 
tend to make her unmanagenble, besides the risk of the water 
breaking into the holds ог engine-rvom through any of the deck 
openings, or into the poop or deck-hoases, while to aggravate the 
evil, it would prevent the crew from doing anything to mend 
mattera by pomping or stopping the openings on deck. Ship- 
builders and owners are aware of such results being likely to 
follow the carrying of a large hody of water on deck, and hence 
in vessels intended for stormy provision is made for 
lessening the evil by having high coamings of iron at the engine- 
hatches, inclosed stock-hole gratinga, and in some cases the front 
of the poops are made of iron, besides having the ports in bulwark 
88 low as possible. Various suggestions have been made to 
remedy the evils complained of, such as raising the eugine-hatch 
coamings, deck pumps, and sounding-rod tubes to a considerable 
distance above the deck; and some people are of opinion that the 
great leugth of steamers in proportion to their breadth causes 
them to be less seaworthy than if they were broader or shorter. 
It may bean evil to make vessels of extreme proportions of length 
to breadth, inasmuch as that the weight of the upper part of the 
vessel is increased by the additional strength required; but I am 
not aware that vessels built of iron, of the usual proportious and 
construction, are more liable to foundering than shorter vessels. 
If we are correct in our inferences, drawn from the reports of 
the loss of the London and Amalia, viz., that their destruction 
was accelerated by the massses of water which they took in on 
deck, we would naturally conclude that if vessels were so con- 
structed as to be free from the liability to retain water on deck, 
then they would be free from the liability to founder uuder 
similar circumstances. It is the opinion of many that if our 
large steamers, which have to sail in all weathers, had spar-decks, 
the evil of having the main decks filled with water would be over- 
come, as in vessels of that construction the water oould have no 
lodgment on the upper deck, and as prevention is always better 
than cure, it surely must be safer to keep the body of water off 
the top of the vessel than to have it remaining on, especially 
when its presence is attended at times with such disastrous 
consequences. It may be unnecessary to describe the pointa of 
difference between a apar-deck ship and one with an ordinary main 
deck, further than to state that most of our large steamers which 
carry passengers, and have no spar-deck, have poop and forecas- 
tle or deck-houses, amidships, all above the main deck; some 
have poop, forecastle, and deck-houses arranged so that the veasei 
is nearly all covered in, excepting in the part between tle poop 
and the forecastle, bounded by the bulwarks on the one side and 
the deck-houses on the other. This open space із where апу body 
of water which breaks on board lodges, and where in being cou- 
fined it is so injurious. In such ships the crew аге accommo- 
dated generally under the topgallant forecastle, and the officers 
in the midship deck-houses. Іп spar-decked ships the arrange- 
ment of the сока, officers’ rooms, cabins, &е., may be pre- 
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cinely the same as just described, but the entire npper part of the 
ship ів covered in, the side of the vessel being carried up to the 
upper heams. The spar-deck is generally surrounded with an iron 
railing and stanchions instead of the high close bulwarka regnired 
for the other description of vessel. The fact of the spar-deck being 
seven to eight feet above the main deck, shows that the sea 
would have to rise that additional height before it could get 
above the vessel; and even should it get on the spar-deck, there 
аге no barriers to prevent it getting off at once witheut the same 
risk of doing damage by breaking into poop, engine-reom, coal- 
hatches, &c., owing to the deck openings being во much above 
the load line, which in all cases should be regulated by the main 
deck. I believe that the principal barrier to the adoption of 
apar-decks for our large passenger steamers is, that being built 
in that style, they rate much higher in their tonnage than vessela 
with the same accommodation which have the poops, forecastle, 
and deck-liouses. In the latter class of veasels, the tonnage of 
the space occupied by the crew is not included in the tonnage of 
the vessel, unlesa it exceed one-twentieth of the gross tonnage, 
when the excess із included in the tounage; while iu ships with 
spar-decks the space occupied by the crew is included in the ton- 
nage, although tle arrangement on the main deck may be pre- 
сізеіу the same іп both cases. It seems ап anomaly tbat such 
should be the case, as it is manifestly unfair. 

There шау have heen some good reason for making the law as 
it now stands, but it is difficult to understand why it should be 
continued, if it encourages a systein of construction in vessels 
which has disadvantages, some of which I have endeavoured to 
enumerate. And ав Ше Board of Trade are about to introduce 
some changes іп the tounage laws, as regards the measurement 
of steamers, it might be worthy our consideration whether we 
should call their attention to the matter at present. 

Tt will be in the recollection of the members of the Scottish 
Shipbuilders’ Association, that after the reading of a paper hy 
Mr. Lawrie on the new meaanrement tonnage, а committee was 
appointed who memorialised the Board of Trade respecting the 
remission of tonnage of all spaces occupied Бу the crew in all ves- 
sels, to au extent not exceeding one-twentieth of the gross ton- 
nage, ав at present allowed for forecastles and houses on the 
upper deck. This memorial was sent іп 1863, and in answer the 
Board of Trade replied “ That in the event of any further legis- 
lation on the subject of tonnage, the points to which you lave 
directed attention will receive the careful attention of their 
Lordships.” Besides having that reply from the Secretary to 
the Board of Trade, Mr. Moorsom, the late Burveyor-General 
for Tonnage, in concluding a lett г addressed to Мг Lawrie on 
another part of the subject, in alinding to the question of the 
remission of the space appropriated to the crew, in whatever 
part of the ship it may be situated, whether above or below the 
upper deck, says—'* 1 have much pleasnre in stating that 1 cor- 
ілу concur in the views expressed by your chairman (Mr. 
George Smith) оп this subject, and which were so unanitnously 
accepted by the meeting; and I thought it my duty so to express 
myself to the Board of "rade on their late reference to me of the 
papers of the Association on the question." 

Thus it seems to me that if the Board of Trade and the late 
Surveyor Geueral for Tonnage were at that time favourable to 
the remission of tlie tonnage of the crew space, even although it 
was under the main deck, | think that, when we now bring for- 
warl as on additional rens n that the remission of that tonnage 
would encourage the coustructing of vessels which I have endea- 
voured to show would be much more safe and seaworthy than 
the others before mentioned, at the present time, when the 
contemplate making alterations in the law, it would be well for 
us to send up a memorial on the subject without delay, asking 
them to take the subject into consideration. 

The overloading of vessels is another subject which has lately 
been brought prominently before the public, and it seems to have 
been under the consideration of the Board of Trade, as to whether 
they should exercise any control over the loading of veasela, as 
reported in the newspapers. Мг. Milner Gibson, President of 
the Board of Trade, in reply to a question put to him in the 
House of Commons, said— * In consequence of the reports on 
the loss of the London and Ama'ia, the question whether the 
deep sea line could be permanently marked on all vessels carryin 
passengers and merchaudise, had been considered by the Boa 
of Trade, but the difficulties were found to be insuperable, the 


Goyernment officials having no means of marking the deep water 
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line applicable to all circumstances, or of deciding how deeply a 
vesse] may with safety һе immersed in the water.” 

There із по doubt but there may be difficulties in the way of 
determining the depth to which vessels should be loaded; but if 
itis a fact that the loss of many а vessel may be traced to over- 
loading, it is surely worthy of an effort being made to arrive at 
what would be a fair depth to which vessels might be loaded. 
The anderwriters recoinmend that ships should have three inches 
of side from the top of the deck to the deep Joad line fur every 
foot of depth in hold; bat we fear that in пару cases such а recom- 
mendation has no weight or authority. 

In steamers, which earry а large quantity of fuel for long 
voyages, and which by the consumption of fuel are getting lighter 
every day, it is not so easy to define the depth at which they 
should leave port. Butsurely our stenmship owners gun it 
sufficient data as to what has proved to be safe imniersions. This, 
with the information from other sources, might decide on the 
depth to which vessels could be sifely loaded according to the 
season of the year. It might bea question for our consideration 
whether the draft should be regulated Бу the depth of hold amid- 
ships, or whether the sheer or height furward and aft should be 
taken along with the midship depth, or in vessels with a great 
breadth in proportion to their depth perhaps t! е breadth ongbt 
to form an element in determining the deep load ие. ‘There may 
be some other elementa to be taken into account, and I believe. 
that if we could suggest any reasonable proposal to the Board of 
Trade it would receive their favourable conaideration. 

In reference to the large number of wrecks which have taken 
place on our coasts during the past winter, they were nearly all 
sailing vessels driven on shore by stress of weather. Aud we. 
see that steps are being taken for the erection of a lighthouse at 
a part of our Western Islands where it cannot fail to be of ser- 
vice to vessels driven towards that dangerous coast. I think 
nlao that the erection ofa breakwater іп Lochindaul, Islay, would 
be the means of giving shelter to шапу vessels which are obliged 
to try for shelter among the islands, when they cannot manage 
to get through the North Channel. Jochindaul seems to be a 
nitural harbour of refuge, at hengh at present it is not safe, 
owing to the want of some artificial shelter. 

There are many cases of shipwreck or foundering through a 
variety of causes which it is not easy to foresee or provide against, 
but it is a duty which devolves on all connected with shipping to 
remedy defects wherever they are known to exist; and I hope 
the members of this Institution will give the subject their best 
consideration. 


In the discussion which followed the reading of the paper, 

Mr. GEORGE Змттн, jun., said that he heartily approved of the sugges- 
tion made in the paper, that in the tonnage measurement of vessels 
allowance should be made for the space occupied by the crew, whether 
it was above or below the deck. He could not see any reason why the 
Board of Trade should place large vessels іп а more favourable posi- 
tion than small ones in that respect; for if any advantage was to be 
given to either, surely the small vessel’s owner required it more than 
the other class. Besides, he was of opinion that nothing should Le 
done by the Board of Trade that would prevent the crews of vessels 
being as comfortably situated in the ship as possible. In ships sailing 
in northern latitudes, in early spring or winter, the topgallant fore- 
castle was a very cruel place to put the crew, because of the openings 
of the hawse pipes both in front and at the entrance from the main 
deck He had known that in some of his own firm's vessels the 
bottoms had been washed out of the bunks by seas coming through 
the hawse holes. The discomfort was not eo great if tbe vessel was 
going on а southern voyage; but if it was going a North American 
one, keeping in cold latitudes all the way, it was exceedingly un- 
comfortable for the crew. It seemed to bim a matter only of common 
fairness that the space in which the crew was accommodated should not 
be included in registration. Mr. Moorsom, the late Surveyor-General 
for Tonnage, was likewise of that opinion, and promised that in any 
future legislation on tbe subject the matter would receive attention, so 
far as he could influence the Government. Не believed that it was 
to the Scottish Shipbuilders’ Association that the public were indebted 
for the Iona, and other vessels of that class. Previously it was usual 
to calculate all such deck-houses as they possessed, and include them 
in the tonnage; but on the representation of that association the Board 
of Trade to exclude them, and hence the public have been 
benefitted thereby. He had no doubt that if space were allowed for 
the crew it would also confer a great benefit on seamen. 


(To be ccncluded in our nert.) 
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THE PERMANENT WAY OF RAILWAYS." 
By Ковкпт Ricwarpson, С.Е. 


THE term, * Permanent Way" is employed to distinguish the 
iron-edge railways on which we travel, from the old cast-iron 
tramroads, and from the temporary wronght-iron ways used by 
contractors in the construction of railway earthworks. For con- 
structing these works the temporary, or contractors’ way, is 
beyond doubt a great advance upon the old Dobbin carts, which 
are а used for removing earth іп the formation of docks and 
canals. 

A contractors’ way is made up of light wrought-iron rails 
spiked down to transverse wooden sleepers. It is strong enongh 
to carry two or three tons of earth in each waggon. The old cast- 
iron tramroads were principally used for bringing coal from the 
pit's mouth to the shipping ports, А short time before a rail- 
way із opened for traflie, ballast is spread over the line, and the 
contractors! or temporary way is replaced by heavier rails and 
larger sleepers. These constitute what is appropriately called 
the Permanent Way; and to this I intend, as far as possible, to 
confiue my remarks in the paper which I now bring before you. 

From the beginning of this century to the present time there 
have been many experiments and trials of new inventions for 
permanent way, but without practical results of any great impor- 
tance; for many inventors, ignorant of wlat had already failed, 
have re-invented and tried the very same supposed improvements 
over and over again, each in his turn being unwilling to admit 
that his scheme was not new. Some of the first inventions 
auffice to produce a good ordinary permanent way; and, with the 
exception of some important improvements in details, we find 
ourselves, after а lapse of more than thirty yeara, using very 
much the ваше sectional figure of wrought-iron edge-rail as was 
then adopted. 

Besides the transverse sectional forms of cast-iron trams and 
wrought-irou edge-rails that have been more or less used or 
suggested, there are very many other slight sectional variations 
used in repairing roads; for engineers are seldom satisfied with 
those adopted by their predecessors, 

In Mr. Smiles’ “ Life of George Stephenson,” he says that a 
Mr. Beaumont employed wooden rails as early as 1630. Accor- 
ding to another author, he laid them near Newcastle in 1602; 
but, a& might be expected, little encouragement was at that time 

iveu to the invention. According to Mr. Nicholas Woods, the 
s of the Colebrook Dale Company furnish reliable evidence 
that іп 1767 five or aix tons of rails were cast, and from about 
this time dates the birth of cast-irou rails. They were probably 
angle-iron for some tramroad; for it is elsewhere mentioned that 
ап iron tramroad was laid near Sheffeld, by Mr John Curr, in 
1776, which was destroyed by the colliers. That this was merely 
а traniroad is confirmed by tlie fact that, three years after, Mr. 
Willinm Jessop first used cast-iron edge-rails as а new ipvention. 

Iu 1814, light wrought-iron square bars, two feet long, were 
imported from Sweden. They were laid on longitudinal timbers, 
by Mr. G. Stepbenson, on the Killingworth Colliery Railway. 
Rails are now rolled as long as thirty-tive feet. Two years after- 
warda, the same gentleman patented a cast-iron edge-rail, which 
he soon abandoned, returning to wrought-iron edge-rails. Up to 
this time, railways for the public transit of passengers were not 
used to апу extent, and little was done until 1895, when Mr. G. 
Stephenson adopted Mr. Birkenshaw’s patent fish-belly wrought- 
iron rails for the Stockton and Darlington Railway. This last 
kiud of edge-rail was laid on the Liverpool and Manchester Rail- 
way in 1829, for the competitive trials of locomotive enpines, 
which were to run only by the simple adhesion of their wheels 
on the rails. Before this time locomotives had been armed with 
cog-wheels, that geared into iron racks laid down upon the road 
to assist their propulsion. It is worth while observing that this 
eompany at one time seriously contemplated carrying only goods, 
some of the directors thinking that to carry орегв was not 
worth their attention, and would never рау. The first Parl 
mentary sanction for an iron tramroad was granted in th г 
1801, De a line from the river Thames at Wandsworth to 

Wrought-iron fish-belly rails were, in after years, 
proposed by Mr. Í K. Brunel for the Great Western Railway; 
and a model was exhibited by him to the Committee of the 
House of Lords, previously to the company receiving their Act 
of Parliament in 1835. 


* Read at tbe Inventors" Institute. 
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Before the present great railway system was carried to any 
extent, Mr. Henry Robinson Palmer, an engineer of surpassing 
ability, and one of the founders of the Institution of Civil Engi- 
neers, invented a railway having only one single rail to travel on. 
The rail was elevated more or less above the ground, and upon it 
was placed a wheeled saddle, from which panniers to carry 
реша were suspended on either side, as they are from the 
back of a mule. To this carriage a rope was attached, and it was 
drawn along by horses. About а mile of this road was laid at 
Cheshunt in 1830, and another length was laid shortly after- 
wardsin Woolwich Victualling Yard. Mr. Palmer then proposed 
& double elevated railway, so as to enable the centre of gravity 
in the carriages to be brought nearly down to the level of the 
rails, This scheme was abandoned, as being too expensive. The 
next change in the form of edge-rails was made by Messrs. 
Stephenson and Locke, and with their united thoughts they 
produced a double-headed rail. This rail was simply fastened 
with a wooden key into a cast-iron chair, which was spiked down 
to transverse wocden sleepers, or fastened to stone blocks, Mr 
I. К. Brunel soon abandoned his first theory of fish-belly rails. 
and narrow gauge, for a hollow single-headed rail and a seven 
feet gauge, which is the system still used on the Great Western 
line. This rail is screwed down toa longitudinal timber, and 
between the two are placed thin slips of hard wood, with their 
grain running across the sleeper. A somewhat similar solid rail 
was invented by Messrs. Stephenson and Vignoles. This rail is 
now universally used throughout France. It is screwed down 
to transverse wooden sleepers with galvanised iron-wood screws; 
and, to prevent the workmen from driving instead of screwing 
them, a little detector is raised on the head of the screw. About 
twenty years ago the traffic on rail ways began rapidly to increase, 
and the great cost for upholding and repeiring railways was 
sorely complained of. With a view to economy, Mr. W. H. 
Barlow invented a rail, in which both rail and sleeper were rolled 
in one length of metal. This rail takes its owu unaided bearing 
іп the ballast, and has the least, number of detached parts of any 
system to keep in repair. It has done great duty on the Midland 
line, between Gloucester and Stonehouse, for the last twelve 

ears. Though somewhat harsh to run over at high speeds, for, 
ines of light traffic, and where the decay of wood is rapid, such 
rails form a most economical system in construction and main- 
tenance. 

Some speculative minds have thought it necessary to make а 
permanent way elastic. This is fallacious for many reasons, and 
would be extremely dangerous to travel on at high speeds. 
What is required is a way that will absorb the violent concussions 
or blows of а heavy locomotive engine, and only just sensibly 
yield to the passing load; but this impreesion on the rails must 
not on any account amount to elasticity, in the true mechanical 
meaning ofthe word. Again, Ше other extreme of a very deep 
and very rigid rail has failed, partly because the top surface of 
the rail spreads out or crushes under the weight before it becomes 
fairly worn, and this is caused by the unequal expansion and 
contraction of the metal between the top and bottom surfaces, as 
they never can be placed in an equal temperature. Тһе vertical 
section of a rail, to secure this dosideratuni of contraction and 
expansion, should never exceed five inches; for even in England, 
in summer weather, the temperature of the top surface is often 
as high as 130 deg. Fahr. in the sun; and there is a sensible 
ringing noise as that temperature alters by the passage of a 
cloud in the sky, which is a sign that contraction Баз gone on 
throughout the depth of the rail, and that the fibres are not being 
displaced, aa they must be ina very deep rail under the same 
circumstances, 

There have been по striking improvements in railway chairs, 
nor do theyseem to admit of any, except in the proper admixture 
of metal in their manufacture. They Бата been cast solid, and 
rolled in two parts, to dispense with wooden keys, and the keys 
have been drawn in place by screws, but no advantage Баз been 
gained. They must be simply attached to the rail, and any 
oT arrangement only increases the number of parts to 
be kept together. Railway keys have been made o many 
materiala—papier-mache, rolled iron rings, cast-iron, and wood. 
They have been made in опе, two, and tbree parts, and driven 
or screwed into the chair both vertically and horizontally. The 
spikes to fasten the chairs are sometimes hollow, at others solid, 
twisted or split, They are driven at almoat every angle into the 
sleeper. 
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I will now refer to the schemes for securing the rail-joints. 
Until 1847, double-headed rails were simply fastened by a 
wooden or iron key in a cast-iron chair. The rail ends were 
constantly parting, and under traffic the incessant tipping of the 
rails and joint sleepers involved a serious expenditure for main- 
tenance. With a view to mitigate this evil, in 1845 and 1846 I 
suggested and carried out some practical experiments, by ге- 
moving the joint-chair, and suspending the rails at the joints 
between two common intermediate cast-iron chairs on sleepers, 
through which one loug wooden key was driven on one side 
of the rail only. This answered beyond my expectation. It 
prevented the longitudinal tipping, and greatly reduced the 
cost of maintenance, Improvements in tbis arrangement, one 
of which was the applicatiou of two wedge-shaped iron keys 
instead of one long wooden one, with other schemes for this 
purpose, were secured by me, in conjunction with Mr. W. В. 
Adama, by letters patent, and called by him fish-jointing. We 
then bolted the fish-plates to the raile, and, after some Kor or 
five years of further experinients, solely through the determi- 
nation of the Permanent Way Company, the system began to 
be appreciated; and fish-jointing, with its improvements, has 
now, under the guidance of this company, gradually spread 
wherever railways exist. The annual saving in maintenance, 
with all its collateral advantages of safety and diminished wear 
and tear of rolling stock, amounts annually to millions. Mr. 
Woodhouse, of the London and North Western line, gave іп 
evidence that, by the use of suspended fish-joints, there was, 
on his line, a saving of seventy-five per cent. in maintenance 
—an economy which, in other words, representa a dividend. 
Several improvementa in fish-jointing have siuce beeu made; 
and the rapid increase іп the use of Mr. William Pole's inven- 
tion, of tapping one fish-plate to dispense with nuts, is fast 
и all other plans for new lines. 

ith the present traffic on railways, the bearing surface of 
sleepers should never be'less than 10 square inches per foot forward 
on a 4 ft. 84 in. gauge, this surface increasing as the gauge 
widens. Sleepers have been made of earthenware, stone, cast- 
iron, wrought-iron, and wood—the last being the material most 
employed, on account of its cheapness, and because it is thought 
to dispense with the harsh sensation which is supposed to be 
caused by iron sleepers, but which is often due to many other 
circumstances. One of the advantages of timber is its great 
dead weight; and if it were not for its rapid decay, and destruc- 
tion uuder the chairs and fastenings, no material could be better 
adapted for sleepers in cold climates. Тһе durability of wooden 
sleepers is in some measure increased by the use of preservatives. 
They have been charred, soaked in ealt water, and in solutions 
of mercnry, zinc, lead, iron, oil, tallow, resin, creosote, and 
sulphate of copper. This last-mentioned material is very valu- 
able, and through the kindness of the Permanent Way Company 
I am permitted to offer the members of the Inventors’ Institute 
copies of Dr. Boucherie’s pamphlet, descriptive of his process for 
preserving timber sleepers from decay, by forcing a solution of 
sulphate of copper through them. His experiments have now 
extended over twenty years. In hot climates, besides decay 
accelerated by the high temperature, the ravages of the white 
ants and other insects render even preserved timber worm-eaten, 
and the preservatives make them brittle; consequently other 
materials must, for economy, be used. Of these cast-iron is, 
beyond doubt, the best. It pussesses many advantages; it has a 
thick, hard crust, to resist oxidation; its dead weight is consi- 
derable; it is easily re-cast when broken; it may be constructed 
во as to present a great bearing surface, and to be free from what 
is called swerving and rocking; and, by proper arrangementa, 
rails laid on cast-iron sleepers may be made quite as easy to 
travel over as when they are placed in cast-iron chairs on wooden 
sleepers. Many miles of cast-iron sleepers, the invention of Mr. 
P. W. Barlow, have for the last sixteen years been under traffic 
on the South Eastern Railway in the neighbourhood of Hastings, 
and for fifteen years on the Enniskillen line. Ou the Great 
Eastern line, Mr. James Samuel laid down some timber-bedded 
cast-iron sleepers, which were under heavy traffic for ten years. 
These sleepers, with their timber lininga, the merit of 
having great strength and dead weight. Mr. Hugh Greaves’s 
system ot sleepers, made like inverted bowls, has been for many 
увага used in pt, India, and Brazil. Mr. De Bergue's circular 
plates are used in Spain, and Messrs, Livesey, Griffin, and other 
gentlemen, are en in laying down cast-iron sleepers, 
arranged according to systems invented by them. A few years 
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ago the Permanent Way Company prosecuted a series of experi- 
ments for ascertaining the breaking strain of cast-iron sleepers, 
the resulta ot which were presented to the Institution of Civil 
Engineers; and I am still engaged in preparing experiments on 
a new form for cast-iron sleepers. г. Wilson is at present 
laying corrngated wrought-iron sleepers оп the Indian Branch 
Railway, though as yet there has been little experience as to 
their durability. 

It is far beyond the limits of a paper like this even to refer to 
the many inventions that have been made for permanent way; I 
must therefore, as much as possible, confine my attention to the 
bare outlines of the general principles which should regulate the 
construction of a good ай Some kinds of permanent way 
answer very well in one locality, but often fail in another; and 
what makes а tolerably good road in one kind of ballast may 
soon go to pieces in ballast of another description, It is, there- 
fore, impossible to devise any particular system that is best 
under АП circumstances. 

The proper laying out of railway curves forms a very impor- 
tant feature in their construction, and great care must be taken 
io increase the width of the gauge as Ше radius of the curve 
diminishes. To permit ofa high speed on curves, the outside 
rail must be elevated more or less, to suit the maximum speed 
aud radius; iu à word, gauge and elevation of outaide rail have 
to be accurate, but not uniform; and when this is carefully done, 
slight curves, instead of being objectionable, are preferable to 
straight lines for high speeds, for they give steadiness and even 

reasure in the one direction or the other, while the straight 
ine causes constant vibration. When a railway cannot be made 
level throughout to work with economy, the necessary inclines 
should be short, aud constantly falling and rising. Ona line 
with very steep inclines the top surface of the rail is sometimes 
more rounded than on a level line, and when the metal is soft 
ап engine cau ascend a steeper iucline ou such rails than оп 
those which have a flatter surface; bnt this necessarily implies 
destruction of the rails. Iknow ofa case where an engineer of a 
railway laid down rails considerably rounded, on an incline, in 
opposition to the wish of the locomotive engineer, who delured 
he would soon flatten them; and with the hard steel tires of his 
locomotive he shortly fulfilled his promise, во that the rails were 
soon worn out, and had to be removed. If Mr. Bessemer’s steel 
rails had been employed, there is little doubt that the result 
would have been the other way; for, on the London and North 
Western line, one of his experimental steel rails has worn out 
eighteen faces of common rails, 1 will now devote а few words 
to turn-tables and switches. 

In turn-tables, very few improvements of any importance have 
been made since they were firat introduced. Where there is not 
sufficient room to work them, Mr. Dunn’s traverser—which may 
be seen at most large stations—is very useful and ingenious, as 
a substitute for them. Before the invention of switches, by 
which an engine is enabled to run out of the main line on toa 
siding, two main line rails were made to turn out, so that their 
ends came in line with the first two fixed rails in the siding. 
This arrangement was the cause of many accidents, to avoid 
which Mr. Curtis invented his double-shifting turn-out rails; but 
still accidents from running off continued, until Sir Charles Fox 
invented and patented a safety switch, by the use of which it 
became impossible for an engine to run off the rails. Sir Charles 
notched the main rail to receive the point of the switch, and Mr. 
H.C. Wild, by housing the point under the top flenge of the 
main rail, dispensed with this notching, and thereby strengthened 
the main rail. The point of a switch may be made very stiff, 
and, at the same time, effectually prevented from jumping up, by 
housing the end under both the top and bottom flanges of the 
main rail. 

Among the worst faults in laying out a live are incorrect 
elevation of the outer rails in curves, irregularities in the tiltand 
gauge, want of sufficient ballast and of room for expansion in 
the rails, deficient bearing surface in the sleepers, imperfect 
drainage, and bad iron. These are some of the worst features іп- 
the fixed portions of the work, the destruction of which is accele- 
rated by bent carriage-axles, oval worn wheela, and inequality 
in the springs of the engine and of the carriages, which produces 
a jumping motion. Straight lines form the source of another 
kind of evil. When passing rapidly over them there is a zigzag 
motion given to the engine and carriages, by which not only the 
rolling stock, but also the line, is soon thrown out of repair. 
There is no donbt that the wider the gauge, the greater may be 
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the motive power; but it does not necessarily follow that the 
safety ie increased by a wide gauge. This is fully born out by 
the practice on the Festiniog 2-foot gauge railway, which has 
paved to be as safe as а 7-foot gauge. Almost every gauge has 

n employed —2 ft., 3 ft, 3 ft. 4 in, 3 ft. 6 in., 3 ft. 7d in., 4 ft, 
4 ft. Вр, 4 ft. 114 in, 5 ft, 5 ft. 3 in, 5 ft. 6 in, 6 ft., 6 ft. 2 in., 
aud 7 Often, where the traffic is not sufficient for a broad 
gnuge, it becomes remuuerative оп a very narrow one; the gauge 
тау represent the requirements of a district, and should as far 
ав possible be determined according to those requirements. It 
may be taken as an axiom never to be lost sight of, that freedom 
from noise implies perfection in travelling, as it does in arresting 
destruction; for whenever there is noise there must be friction 
and heat, which are the prime causes of all destruction of 
materiale. 

In conclasion, I may obeerve that travellers are by no means 
aware of the almost daily improvements that are gradually going 
va throughout the entire rolliug stock and permanent way of 
railways. They would more fully appreciate these improvements 
if thev conld ran out of a first-class line, at a high speed, on to 
one of the old original linea, such as the Liverpool aud Manches- 
ter, with itarattle and jolting. Now, indeed, it is far more safe 
for one to be contiuually travelling, than to pass an active life 
under almost any other conditions, This statement is borne out 
from the official returus of the persons whose deaths were due to 
causes beyond their own control on the railways in the United 
Kingdom. Their number has decreased from 38 in 1844 to 23 
in 1859, and to only 15 in 1864, while the numbers that travelled 
during the last-named year amounted to the enormous figure of 
229,350,000, or nealy eight times the whole population of the 
kingdom. Thus the chance of death is 1 in 15,290,000, which 
may be taken practically as no chance at all. Let this be com- 

with the liability to fatal accident from horse conveyances 
in London alone, with its population of nearly 3,000,000. By the 
returns from the Registrar-General’s office during the year 1885, 
there were 215 persons killed by horse conveyance, ог 1 iu every 
14,000 of the population. The railway return already quoted 
gives a result of 1 in every 2,000,000 of population, or 1 in every 
15,290,000 of travellers; во that, taking this estimate by popula- 
tion, the railways аге 150 times more safe than the streets of 
London; while, if it be taken by the nambers travelling, they are 
nearly 1100 times more secure agaiust fatal accidents. 


— ea 


ON THE SECURITY OF IRON SHIPS. 
By Ұпцам Fairsaren, С.Е, LL.D., F.R.S. 


Ir must appear obvious to every persou connected with iron ship- 
building that much has yet to be done before it can be affirmed 
that the iron ship is perfectly safe and perfectly seaworthy. 
It will be observed that we have the material—of all others the 
best—to attain desiderata of such iminense importance, but it 

uires careful consideration, and sound judgment in its appli- 
cation, to fulfil all the conditions of which it is capable in con- 
straction. In the form and build of merchant vessels intended 
for long voyages, and adapted for passengera and cargo, it is desi- 
rable to have them properly conside in reference to speed, 
capacity, &c.; but this class of vessels —if we were to judge from 
the strengths, forms, and other conditions of the Royal Chartor 
and the Loodon—do uot appear to inherit АП the qualifications 
necessary to render them safe and comfortable at sea. For the 
attainment of speed great improvements have unquestionably 
been effected, in giving to the bows fine lines of entrance and an 
equally fine run to the stern; but the question arises whether 
this sharp, cut-water shape is not destructive of other good 
qualities necessary to be observed in sea-going vessels. The 
introduction of iron аз а material of construction has given to 
the naval architect and builder facilities never before attained 
for the introdnctiou of the forms best calculated to meet the 
requirements of high speed. Vessels of that class are, however, 
better adapted for the navigation of rivers and lakes than the 

n вед. 

In tbis communication it may not be without interest if I en- 
deavour to show the advantages and disadvantages of the leading 
features of these high-speed constructions, and to erhibit the 
differences which should exist between а vessel intended for the 
navigation of smooth water, and another that has to contend 
with the rolling seas of the Atlantic. 
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For the first class of vessels it is neceasary to have great 
lengths, narrow beams, and diminished depths; for the second, 
it is important that these dimensions should be altered іп order 
to meet all the contingencies of strain in а rongh sea. For 
example, if we take a vessel 320 feet long, 40 feet beam, and 26 
feet deep, we arrive at the following proportions, of eight times 
the beam and twelve times the depth, for the length. Now,a 
vessel of this construction, with fine lines, is admirably Adapted 
for speed, whether propelled by wind or ateam, but her security 
may be doubtful, if heavily laden, when subjected to pitching 
and rolling in a tempestuous sea. А vessel of this description 
would be wet and most uncomfortable, and her want of buoyancy 
at the stem and stern would cause her to bury her bows toa 
considerable depth when pitching, and sweep her decks with tons 
of water as she rises to the surface. But this is not all, as at 
every plunge the ship labours heavily, and suffers severe strains 
by the weizht of water she has to lift in ascending from the 
middle to the crest of the wave. In every case of high speed іп 
smooth water these proport ons and tine lines are highly advan- 
tageous; but in those intended for long sea voyages it is 
questionable whether or not some light sacrifices should be made 
as regards speed, and some modifications effected in the build, 
in order to meet АП the requirements of a sate and convenient 
vessel. 

In this communication it will not he necessary for me to enter 
upon the calculation of resistance to strains in such vessels, Му 
object is to show that they are in actual existeuce; and some, 
from their slight build aud great length, have comparatively but 
a small margin of strength, and are therefore not trustworthy in 
cases of a heavy cargo and foul weather at sea. То render 
vessels perfectly seaworthy, I would venture to recommend that 
their lengths should never exceed seveu times the breadth of 
benm and ten times the depth. In these proportions I am 
assuming that the ship is strono, and substantially built, and 
that in place of the lines of least resistance being observed at the 
bows and stern, additional buoyancy should be given, in order 
to enable the ship to rise freely on the sea; and by increased 
displacement the discomfort of the sea sweeping the decks 
would, to a great extent, be avoided. I have been led to these 
considerations, not во much from the lamentable accident which 
overtook the ship London, as from the conviction that the safety 
of a vessel does not so тис’ depend upon its speed ав it does оц 
its sea-going properties; and these, accompanied with sound 
construction, would tend to reduce the number of accidents, 
which of late years has produced such lamentable results. 

From these observations it is not my intention to depreciate 
the value of speed in any class of vessels, whether employed in 
the war or mercantile marine. On the contrary, I think it ia a 
desideratum in both that a saving of time and quick mauceuvring 
should be obtained, bat there appears to be some risk of carrying 
the question of speed teo far, aud that to the exclusion of other 
valuable properties entitled to consideration in connection with 
commerce and the extended security of vessels subjected to all 
the triala and contingencies of long voyages and stormy 
seas. 

It is now some years since I endeavoured to impress upon the 
minds of naval architects aud buildera the necessity of increased 
strength in the hulls and upper decks of iron ships, in order to 
balance the two forces of tension and compression. 1 also pointed 
out the advantages to be derived from the longitudinal keelsons, 
cellular principle of construction, water-tight bulkheads, and 
double bottoms; and wheu we consider that the strength of & 
vessel is the maximum resistance of its weakest part, it follows 
that any n crease of material where it is not required is the very 
reverse of useful, апі never fails to prove injurious. In every 
structure subjected to strain it is desirable that uniformity of 
strength and the laws of proportiou should be strictly observed; 
and 1 am of opinion that а close adherence to sound principles of 
construction in iron shipbuilding would not only mitigate the 
evils of which we complain, but would ultimately lead to in- 
crensed efficiency, and an important saving of the lives and pro- 
perty of the country. у 

І һауе ventured оп these remarks for the purpose of directing 
attention to what I consider some of the defects of iron-built 
ships; and taking into consideration all the circumstances con- 
nected with the disasters which overtook the Royal Charter and 
the London, I venture to predict that, with proper attention to 
definite lawa and sound material in construction, in the first 
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instance, and with careful distribution and proper loading of the 
cargo—including trim rigging and clear decks—in the second, 
we should not have to investigate the causes of so many 
disastrous shipwrecks as have occurred during the last ten 
years. 


—_ 


ON RADIATION AND ABSORPTION, WITH REFE- 
RENCE TO THE COLOUR OF BODIES AND THEIR 
STATE OF AGGREGATION.* 


By Јонх Тумрлыь, LL.D. F.R.S. 


Tue speaker referred to the relation subsisting between the 
sensible phenomena of nature, and those processes lying beyoud 
the range of the senses on which the phenomena immediately 
depend. He spoke of the function of theimagination in picturing 
opérations which, though great in their aggregate results beyond 
АП conception, are too minute individually to be capable of 
observation. He referred to the luminiferous ether that fills 
space as the most striking illustration hitherto known of the 
production of а line of thought from the domain of the senses 
into that of the imagination, and affirmed the existence of this 
wonderful medium to be based upon proofs at least as atroug as 
those which sustain the theory of gravitation. 

Dwelling briefly on the relation of this ether to the atoms and 
molecules which are plunged in it, he illustrated, by reference to 
the phenomena of sound, the difference between good and bad 
radiatora, A naked tuning-fork vibrating in free air imparted 
во small an amount of motion to the air that it ceased to be heard 
as sound at an inconsiderable distance; the same tuning-fork 
brought into union with its resonant case produced a sound 
which could be heard by thousands at once. Тһе naked fork 
was а bad radiator, the combined fork and case was a powerful 
radiator. This combination of the fork and its case, as regards 
sound, roughly represented the influence of chemical combination 
as regards radiant heat. By the nct of combination the power 
of the We uae преди as radiators might be augmented ten 
thousand-foid. an example of this the vapour of water was 
selected; and it was affirmed that a pound of this vapour taken 
from the top of a high mountain, there heated and exposed 
before the cloudless heaven, would radiate nine or ten thousand 
times—possibly twenty thousand times—as much heat into 
stellar space as could be radiated by either of the constituents 
of the vapour when uncumbined. 

. The speaker also referred to the well-known analogy between 

the pitch of a sound and the colour of light ; and, throwing a large 
spectrum upon a white screen, mentioned the relation between’ 
the various colours to the rapidity of ethereal vibration. The 
space from the red to the blue embraced an infinite number of 
rates of vibration, gradually and continuously shortening without 
any interruption. It might be typified by an infinite number of 
tuning-forks of gradually augmenting pitch, and all sounding at 
the same time. This spectrum was derived from the carbon 
points of the electric light; but it was shown that in the case of 
various other incandescent substances the spectrum was not of 
this continuous character. Тһе magnificent stream of green 
light produced by the volatilisation of silver in the electric lamp 
was shown upon a screen, and afterwards the light was analysed, 
ара found to produce two bands of brilliant green, ditfering but 
slightly from each other in refrangibility. Неге the case is 
typified, not by an infinite number of tuning-forks, but by two 
tuuing-forks of slightly different pitch. And just as the rate of 
vibration in the case of the tuning-fork is a fixed rate, so the 
rate of vibration of the atoma of silver vapour were fixed. And 

as the colour of the vapour depended on its rate of atomic vibra- 
tion, the constancy of this rate secured the constancy of colour 
in the vapour. We cannot make the vapour of silver white hot, , 
however we may exalt its temperature. We may augment the 

brilliancy of the particular rays that it emits, but we cannot 
cause it to emit that variety of rays the blending of whicb 

together produces the impression of white. 

ike the vapour of silver, the vapour of water has also its 

definite periods of vibration; and they are not such as to enable 

the vapour, however high its temperature may be raised, to emit 
a white light. It can ага be said to emit any light at all. 
The flame of hydrogen, for example, is composed of intensely 
heated aqueous vapour, but it is hardly visible; and it is easy to 


* Read before the Royal Institution of Great Britain. 
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ive the vapour of water a temperature sufficient to raise a solid 
бод pl in the vapour to a еи red heat, while the vapour 
itself remains absolutely dark. Now the powers of radiation 
and absorption go hand in hand, and the у which cannot 
emit luminous rays is incompetent to absorb them. Thus the 
sun’s luminous rays freely through the aqueous vapour of 
our atmosphere; while it is the impediment offered by this same 
vapour to the radiation from the earth which checks the sudden 
drain of terrestrial heat, and thus renders our planet inhabitable, 

This power of electric absorption was illustrated by the action 
of two tuning-forks which sounded the same note. Both forks 
being mounted on their resonant stands, one of them was first 
sounded. The silent fork was then brought near the sounding 
one, and held near it for five seconds. The vibrations of the excited 
fork were then quenched, but the sound did not cease to be 
heard. In fact the silent fork had taken up the vibrations of its 
neighbour, and continued to sound after the latter had ceased to 
vibrate. Again, one fork being permitted to remain on its 
stand, the other wus dismounted, and thrown into strong vibra- 
tion. Detached from its stand, Иа sound was too feeble to be 
heard by the audience; but on bringing it near the mounted fork 
a mellow sound rose which filled che room. Thus the vibrations 
of the one fork were transmitted througb the air and imparted 
to the other. To effect this transference it was necessary that 
the forks should be in perfect unison; the fixing upon either of 
them of a bit of wax not larger (Бап a pea was sufficient to 
destroy the power of the forks to influence each other. 

Thus one sounding body abeorbs the vibration of another 
sounding body with which it is in unison; and here we have in 
acoustics the representative of that great principle which in 
optics lies at the base of spectrum analysis, namely, that bodies 
absorb those rays which they can themselves emit, Thus 
vapour of silver, if interposed in the path of a beam of white 
light, will absorb the green which it can itself emit. Thus also 
the incandescent vapour of sodium, itself intensely yellow, cuts 
clearly out the yellow band of the spectram. And the same is 
true of aqueons vapour. Its periods of vibration synchronise 
with those of the rays, or more accurately waves, emitted by the 
warmed earth, and hence its power to іп(егсері those waves by 
taking uptheir motion. But it ів in dissonance with the lumi- 
nous waves emitted by the sun, and hence those waves pans 
through large quantities of it with scarcely sensible absorption. 

This incompetence of aqueous vapours to absorb luminous 
rays is shared by all really transparent bodies; in fact, they are 
transparent in virtue of their incapacity to absorb luminous rays. 
Now transparent bodies in a state of powder are always white, 
and in white bodies luminous rays have no power. The light of 
the sun, for example, cannot warm white sugar, nor caunot it 
warm tablesalt, nor flour, nor а white dress; it cannot even 
melt snow. The most powerful luminous beam may be concen- 
trated upon a surface covered with hoar-frost without roelting a 
single spicula of the frost crystala, How, then, it mav be asked, 
does sunshine clear away the snow from the mountain beads! 
Two or three days’ sunshine on the mountains pufficea to oblite- 
rate the traces of a heavy snow-fall; how can tNs occur if sun- 
shine has no power to melt the snow crystals It is not the 
luminous а of the sun which perform this wok, but a body 
of rays which, though possessing high calorific poWer, have uo 
light in them. Ву a process of transmutation thes} dark rays 
may be converted into luminous ones, bnt as they cone from the 
sun, and fal upon the mountain summits, they а utterly 
incompetent to excite vision. Every stream which ch:pnels the 
glaciers or tumbles down the valleys of the Alps is ^ direct 
product of this invisible radiation. To it also the gladre owe 
their birth as well as their dissolution. For while the |swinous 
rays of the sun falling on the tropical ocean penetrate t]; i Water 
to great depths without considerable absorption, the dak tays 
are in great part absorbed close to the surface of the ocean. they 
therefore heat the water at tbe surface, and are thus авс the 
sole excitants of evaporation. Not only, then, do those in Wible 
solar rays, by the fusion of the ice, give birth to the v; of 
Switzerland, but it ia they that lift the material of these 1-3 
from the sea, and store it onthe frozen summits of the mount:* 

Gathering up the rays emitted by a powerful electric gP 
and concentrating them upon а small focus, water, aleoh¢ ™ 
ether placed at the focus speedily boils, some of them i; 
almost instantly. But they are not boiled by the luminous 
though these produce an impression too dazzling to be 
upon the eye, Interposing in the path of the concentra m 
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А glase cel! containing pure distilled water, the light of the beam 
із not sensibly dimivished, but it is no longer competent to boil 
or even heat water at the focus. Placing a piece of ice at the 
luminous focua it is not melted, though, if blackened wood be 
placed there, it ia set on fire. The moment, however, the cell of 
water ia withdrawn the ісе melta—melte because the dark rays 
реге absorbed by the water of the cell are now absorbed 

y it. There are liquids of very low boiling points—bisulphide 
of carbon, for instance—which, when placed at the focus where 
the whole radiation, dark and bright, of the electric lamp is 
Converged, cannot be caused to boil, can hardly be warmed. 
Water, for instance, requires a temperature of 212 deg. Fahr. to 
boil it, bisalphide of carbon requires only 118 deg. 4 min.; still 
the former is boiled in a time insufficient to warm the latter. 
"This arises from the fact, that while water powerfully abeorbs 
the dark calorific rays and allows the luminous ones free trans- 
mission, the bisulphide of carbon is transparent to both classes 
of raya, aud hence is warmed by neither of them. Thus also, 
when it was stated that sugar could not be warmed by the light 
of the sun, the invisible solar rays were meant to be оха 
for when the total radiation of the вип із converged upon white 
sugar it is immediately burnt up, the agent of its combustion 
however being the dark radiation. 

It ie possible to filter the composite radiation from the sun or 
from the electric light, so as to detach almost completely the 
visible from the invisible тауа. It has been already etated that 
disulphide of carbon is transparent to both classes of rays; now 
iodine, я substance which dissolves freely in the bisulphide, is 
eminently transparent to the invisible rays alone. Hence, a 
combination of these two substances farnishes us with а ray-filter, 
which, while it pitilessly cuta off the bright rays, allows the dark 
ones free transmission, At the dark focus we can boil water or 
alcohol, but we cannot warm bisulphide or bichloride of carbon, 
Bromine also, notwithstanding ite volatility, hears exposure to 
the focus without being heated. Sulphur also bears the tem- 
perature of the focus for a considerable time without ignition. 
Common phosphorus, а combustible so quick tbat the warmth of 
the fingers when in coutact with it suffices to provoke combustion, 
bears for twenty or thirty seconds without ignition the action of 
radiant heat at a focus where, іп the fraction of a second, pla- 
tinised platinam ia raised toa white heat. The phosphorus is па 
great degree transparent to radiant heat. The red iodide of 
mercury strewn on paper and exposed at the focns has its colour 
discharged where the invisible images of the carbon pointe fall 
upon it, but, owing to the transparency of the iodide to radiant 
heat, ıt requires some exposure to produce the thermograph. 
This red substance is far less absorbent of radiant heat than 
white paper, and hence it is sometimes easier to obtain a ther- 
mograph of the carbon points by exposing to the radiation from 
£he lamp the back of.the paper on which the iodide is strewn, 
than by exposing the face covered with the iodide. It is often, 
indeed, more easy to burn a thermograph through the paper than 
to discharge the colour of the iodide. Hence, white paper may 
be protected from radiant heat by being covered with a substance 
like the iodide of mercary. 

We are here naturally reminded of the experimenta of Frank- 
lin, which consisted in placing cloths of various colours upon 
snow, and observing the depth to which they sank in the snow 
when exposed to direct sunshine. Franklin concluded that the 
lighter the colour of the body the lese is its power of absorption. 
The generalisations founded on this experiment are for the must 

rt fallacious. Results long ago obtained, establishing the vast 
influence of the chemical constitution on radiant heat, led the 
speaker to contrast iodine, an element, with alum, a body of 
highly complex character. Both substances were ра, Ње 
‘one beiug dark, the other white. Exposed to the radiation from 
various sources, the white powder proved itself in all cases the 
most powerful absorber. Fhe dark pre of amorphous phos- 
phorus was also compared with the hydrated oxide of zinc, but 
the white powder was the best absorber. Bodies of the same 
colour compared together showed similar differences. Тһе red 
oxide of lead for example waa contrasted with the red iodide of 
mercury, and the oxide provéd the moat powerful abeorber. So 
also the white chloride of silver was compared with the white 
carbonate of lead, the lead salt proved by far the most powerful 
absorber, In this way it was proved that, as the abeorp- 
tion of radiant heat, white in some cases ex black, black in 
some cases exeveds white, and the other colours are equally 
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capricious; all evidently depending on the chemical constitution 
of the substance. 

In the case of Franklin's white cloth exposed on snow to sun- 
shine, there is no reason why it should sink at all; there is, on 
the contrary, reason to conclude that it must rise relatively to 
the snow surrounding it. For, as regards the luminous rays of 
the sun, they are alike powerless to warm the cloth or to melt 
the snow. Whatever effect is produced is therefore due to the 
dark solar rays. Now, snow absorbs these rays with greater 
gteediness than any other subetanoe; hence the white cloth, 
which abeorbe lesa than the snow, really defends the snow under- 
neath it from the action of the sun, and owing to this protection 
the cloth, if exposed for a euffieient time, will rise in relation to 
the surface round, just like a glacier table. 

But though the cloth is not во good an absorber as the snow, 
it is nevertheless а very powerful absorber; it comes near the 
snow in this respect. And when, as in the case of the black 
cloth, we have added to the abeorption of a large portion of the 
dark rays by the cloth, the absorption of the whole of the lumi- 
nous rays by the dye, the sum of the absorption of both classes 
of rays exceeds the absorption by the snow of the dark rays 
alone. The black cloth will therefore sink in the snow. This is 
the explanation of Franklin’s experiment. 

The lecturer concluded by referring to various experiments оп 
the transmission of radiant heat through rock salt; to the in- 
fluence of science ав a means of intellectual culture; and to the 
neceasary defects of any system of education in which the study 
of nature is neglected or ignored. 


————9———— 


PORTLAND CEMENT. 
By M. LzBLANC. 


Havine been charged, since the commencement of the year 
1860, with the construction of the floating basin of the port of 
Boulogne, we have employed in the masonry works of that basin 
many thousand tons of Portland cement. We have thus been 
able to make some observations, which have been checked by 
experience upon a large and a small scale, upon the qualities 
which ought to be sought for in this cement, and the best con- 
ditions for its employment. Our first researches had reference 
to the influence of the denaity of the cement upon its quality. 

We took а certain volume, V, of light cement—a cement 
weighing about 1200 kilogrammes to the metre cube, the weight 
of it being ascertained by means of a box containing 100 litres, 
which was filled so as to avoid the pressing of the cement іп the 
most perfect manner possible. We mixed this with two volumes 
ЗУ, of gravel, and then, after carefally stirring them we made 
them into bricks of sixteen centimetres sectional area. We then 
weighed the same weight of the first choice heavy cement—a 
cement which weighed 1500 kilogrammes to the metre cube— 
whose volume, 0, was rather leas than the volume V, and we 
mixed this with 2V of gravel likewise. We made this mixture 
into bricks, in the same manner as the first. 

The resistance to an effort tearing the specimens asunder 
were— 


5 days. 15 days. 1 mtb. $ mths. 

Kilos. Kilos, » Kilos. 
Mortar of light cement ... " + : 24 1% 
V cement 2V gravel 45 70 90 130 
A ane һа» «96 51 ... 76 90 139 
Or in English 1b. ... 112$... 1673 198 286 

Kilos. КИ. Kilos. Kilos. 
Mortar of Mer cement... | 51 та 150 ne 
v cement + 2V gravel ... 86 130 |. 170 210 
А M ses 2 78 180 150 .. 196 
Orin lish Ib. 1784 286 .. 330 482] 


Thus proving the incontestable superiority of the heavier 
cements, 

We asked M. Hervé Mangon to analyse these cements, at the 
School of the Ponts et Chaussées, and he found they were of the 
following composition:— 

81 
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Light cement, Heavy cement. 
Silica... RR 2 да 26:30 oes wes 24°45 
Alumins and peroxide of iron 875 8-70 
Lime... E e % 69:35 sc 65:60 
Sulphuric acid ДА 0:35 біш tae 0:45 
Water and loss... 2°25 - 0:80 
100-00 100-00 ` 


, These analyses prove distinctly,” he further wrote, “that the 
second sample alone approached the true type of Portland cement, 
while the composition of the firat sample was much nearer the 
composition of the cements which have a rapid setting, such as 
the Roman cements of Pouilly, Vassy, бо” М. Hervé Mangon 
then dissolved and shook up, in a cold state, two grammes of 
each sample in a half litre of water, containing 10 grammes of 
the nitrate of ammonia. After a contact of twenty hours he fil- 
tered the liquid, and found in the residue of the clear liquid:— 
Lime dissolved, 0*825 in sample No. 1; 0:505 in ditto No. 2. Thus 
the product of thia comparatively feeble dissolvent was less in 
the aame proportion as the quality of the cement was better. М. 
Hervé Mangon terminated his letter in these words: —“ I cannot 
take upon myself to affirm that the manufacturers may not suc- 
ceed in making a cement that should the bulk of the 
properties of Portland cement, and yet should be of a light qu 
fic gravity. Manytrials are being made with that object, Some 

of these have yielded curious resulta; but this is certain, in my 

opinion at least, that in the existing state of the manufacture of 
cements it ia impossible to unite, in the same product, the light- 

' neas of the material with the precious qualities of the true Port- 
land cement. I think, then, that it would be advisable to forbid 
the use of light Portland cement in all goverument works until 
new experiments, continued over long periods of time, should 
allow of this rule being set aside, which, I may add, ia dictated 
by the most simple rules of common sense.” 

The actual inferiority of the light Portland cements, compared 
with the heavier varieties, being peremptorily proved by the facta 
above recorded, the administration would ра the greatest 

ssible interest in substituting, in the specifications that it 
1seuea, tbe dosing by weight to the doeing according to volume. 

It would thus relieve the contractors from any question of the 

density of the compound, and these men exercise the moet regret- 

able pressure upon the manufacturers in order to obtain the 
lightest cements possible. It would at the same time render 
frauds more difficult, if not impossible, without the connivance of 
the agents charged with the superintendence. Now-a-days, as 

M. Hervé Mangon justly remarks, these weighbridges are instru- 

ments ая simple as they are economical; the dosing of the mix- 

ture of cement and sand by weight has become as practical а 

method as the doeing by volume. 

Here it is necessary to define what ia meant by heavy cement. 
We shall hereafter call cement “heavy” when its weight, ascer- 
tained by the means оға box of the capacity of 100 litres (that is 
а parallelopipidon of right angles of 050m. long, by 050m. broad, 
by 0:40m. deep), filled in a manner to avoid the pressure as much 
ав possible, should never be less than 1350 kilogrammes in weight 


per metre cube, without the box. According to the mistaken ` 


notions of the marine engineers (for a proof of which we шау 
refer to the last specifications issued at Cherbourg), we should say 
perhaps more exactly, a heavy cement is one whose specific gra- 
vity is superior to 1200 kilogrammes when, for the purpose of 
ascertaining this gravity, the cement із poured in, without pres- 
sure, a measure of a litre, of a capacity of 1-10 on the side. For 
the dgio: of insuring greater exactness the litre ought to be 
filled twenty-five times in succession, with the same precautions, 
and the specific gravity will be ascertained from the results of 
the twenty-five weights thus formed. 

It is to be observed that the heavy cements generally set with 
less rapidity than the light cements, Thus, when such cements 
are employed, it is not advisable to attach much importance to 
the proof after the first forty-eight hours, which is nevertheless 
very convenient in general works, as it permits the stock to be 
renewed more Пу. The proof after tbe lapee of five days 
can alone with these heavy cements be considered conclusive. 

Mods of using Portland Cement Concrete under Water —The 
concretes of Portland cement that are immersed in water suffer 
an energetic washing, which is to be accounted for by the fact 
that every piece of stone that comes in contact with the water is 
immediately deprived of the mortar which surrounds it; it does 
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not, in fact, retain a trace of this mortar. Portland cement 
mortar is not rich and soapy, in the style of the lime mortars, 
properly so called. It доев not stick to the trowel, but it is like 
pounded glasa that is moistened, во bad an aspect does it present 
when it is rather stiff. Treated with sea water, this mortar 
separates into three parts or strata. The upper stratum A, is 
only a simple lime water; it does not set, and remains soapy 
unless it is dried. The middle part B, acta as would a mortar 
that is of the kind known as “thin;’ whilst the residue С, 
appears alone to preserve some qualities of the mortar; but com- 
posed as it is of the heaviest grains, which are also the best burnt 
rtions of the cement, it does not set with anything like rapidity. 
t is, moreover, diminished in strength by the mixture of a great 
part of the vel, which enters into the composition of the 
Mortar, which falls with it into the intervals which are left 
between the stones. Indeed, the density of the Portland cement 
is much nearer that of gravel than that of lime is. It would 
appear then that the tendency of the elements of the mortar to 
separate would be less in the case of Portland cement mortars 
than it would be in those made of ordinary lime. Bunt there is 
not the same adhesion in the grain of Portland cement to the 
materials with which it is а. ig Moreover, the cements that 
are met with in commerce do not weigh more than 1200 kilo- 
grammes, when not pressed, and measured in a box containlng 
100 litres. The best gravel from the shore of Boulogne, 
measured in the same way, weighs as follows:—1 deg, when 
very an nearly 1700 kilo; mes; 9 дер. when moist, nearly 
1500 kilogrammes. Adopting this last figure, the density of the 
gravel would only be 25 per cent. pieta than that of light 
ortland cement. But in salt water this difference between the 
densities of the cement and the gravel becomes notably exagge- 
rated; for the effective weights in salt water become 200 and 500 
kilogrammes, that is to say, that after the immersion the weight 
of the gravel would be fouud to be more than double that of the 
cement. It is this fact that may account for the ready separation 
of the elements that enter into the composition of the mortars 
that takes place in water. 

M. Herve Mangon has kindly repeated this experiment of 
washing, with pure cement. The cement that he operated upon 
presented the following composition:— е 

At moment 9С риа of 


the water. 
Silica ы 29% € m: А 25-60 .. 26-61 
Alumina and peroxide of iron ... ove 8:90 ... 9°80 
Lime  .. m e 2% 61:35 .. 63:77 
Magnesia ... ши 52; ae 22% 0:30 ... 082 
Water, carbonic acid, and matters not dosed 3:80 „. — 
100-00 100-00 


Tt weighed 1440 grammes when it had been sifted, and it left, in 
the course of that operation, the following results:— 


Grains of 14 millimetre diameter 222 0:70 


Grains varying from 14 to 1 millimetre diameter ... 0°70 
Grains varying from 1 to } millimetre diameter Yes 0:40 
Grains sto by a sieve 36 meshes to the centimetre 28°20 

Powder passing through a sieve 36 meshes to the 
centimetre 2.0... .. axe e =. 10653 
100-00 


Тһе cement in its natural state, and mixed with the ordinary 
precautions, seta immediately under water. The parts that were 
ener fine also set with equal success. Thegrains that were 
kept back by the sieve did not work up well, and they retained 
the appearance of sand; but with time, and even under water, 
this product set, and вода а considerable degree of hardness, 
Thus the cement fulfilled all the conditions that were required, 
either as regards the chemical composition, the burning, the den- 
sity, or the degree of pulverisation. M. Herve Mangon then 
dissolved in ten litres of water 800 grammes of this cement; he 
shook it, and then he poured off the water that had been allowed 
to clear itself. Lastly, he poured the cement thus washed into a 
smaller vase, where it divided itself into three layers, which 


presented the following differences, ascording to the chemical 
analysis:— 
А. в. е. 
Silica eee soe sae 7:16 10°20 22:30 
Alumina and peroxide of iron 880 ...  $:00 ... 450 
Lime 22% ae .. 18:80 ... 25-60 48:09 


May 1, 1546.) 
A lex vgs НЕ 2:00 100 .. 0°30 
Water, carbonic acid, and mat- 
ters not dosed, traces of the > 66°75 59°40 25°10 
chlorides and sulphides ... 
100:09 100°00 100-00 


Or supposing these mortars to be deprived of the water and the 
earbonic acid that they contained, their composition would 


become— 
A. B с. 
Silica... Да Ди we 218... 252 .. 297 
Alumina and peroxide of iron 159 .. 93 .. 57 
Lime .. ae 262 oes 566 ... 691 .. 641 
Magnesia m 20% 60 .. 24 . 05 
100:00 100% 100-0 


The layer A was, in fact, а pure lime water; the lime was in 
part replaced with magnesia, which being more voluminous than 
it was, opposed everything like a cohesion of the product. The 
layer В having been thinned by the mixture of & small portion 
of the cream of lime, was principally distinguished from the layer 
C by the differences in the physical states of the layers. е 
layer С alone set іп а satisfactory manner. In this case, azain, 
the chemical analysia explained sufficiently the facts that had 
heen experimentally observed. It must however be said that, 
in the opinion of M. Herve Mangon, there does not exist in the 
actual state of the fabrication of cements a product of that nature 
which would resist such an energetic washing, particularly in sea 
water. 

This being settled, let us examine the conditions of the laying 
of the beton on the level of the water and under the water. 

Case Ше Firet.—The ordinary practice—that cousists in layin, 
the fresh concrete a little behind the mass already in place, an 
then compressing it by rammers, во as to cause the wet concrete 
to swell and advance forward, while it always presents the same 
surface to the part іп advance—is not possible with the Portland 
cement; the mortar is not sufficiently stiff, it is not soapy enough 
for that. The long slidings, which are occasioned by the widen- 
ing of the mass that is spread out, and which is flattened in 
laying, causes the beton made with lime to advauce slowly, and 
it is accompanied with ап insensible degree of washing; these 
slidings do not take place with Portland cement, generall 
speaking. It is almost impossible to keep up a gentle slope wit 
this description of beton. Now when the slopes are very steep, 
the stones detach themselves and roll down, aud thus the 
washing is produced. In this matter there may be observed in 
the whole height of the mass (but ри у about the level 
of the surface, where the action of the waves 18 most distinctly 
felt), through the stones that are washed clear of the mortar, 
caverns imperfectly filled with gravel and the coarser grains of 
the cement, which constitute a mortar that is very thin, that 
covers the rest of the cement mixed up with a cream of that 
material, more or less miugled with the cement, Above the 
water the concrete is excellent. 

Let us now consider the case wherein the concrete is executed 
under water, by means of boxes of а capacity which, as will be 
seen hereafter, it is ae to make as large as рова Ме. 
The heaps of concrete are disposed one by the side of the other, 
but which have necessarily their slopes very ateep, for the 
reasons before enumerated. In each heap the heart alone can be 
very sound, so that if the position should contain any springs, it 
із tolerably certain that they will appear upon the surface of the 
layer of concrete when the excavation of the interior shall be laid 


dry; the springs will, in fact, follow the lines of the washed : 


stones, It is true that these effects may be produced with lime 
mortara; but we believe we may affirm, without fear of being 
contradicted by facta, that they are much more serious with the 
beton made with Portland cement. The layers of mortar made 
of Шад flatten: mores Ме have in their case ДЕЙ фа ста она, 
ete layer, not with heaps that are juxta- . But lai А 
те еа made with Portland venient reassumes all ja 
advantages over the concrete made with ordinary lime. Thus 
we have often noticed that a spring from below has forced a 
БЕК through the concrete made with Portland cement, like a 
ole pierced by a ball; the water had passed through, but the 
concrete only allowed its through the that was 
strictly necessary. АП around the hole, from the top to the 
bottom of the spring, the cement mortar retained its goodness. 
The concrete was pierced like a chimney whose diameter was 
reduced to just the dimensions that are absolutely necessary. 
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In the same manner water runs over fresh concrete witbout 
Any serious consequences, except in the case of great speeds and 
great falls. To fill, by the means of the basin of the Hoatin 
rtion, we had formed wit 
complete success, on one half of the width of the passage, the 
first portion of the bed of concrete, the water being allowed to 
flow over the other part; afterwards we d over the fresh 
bed of the current—the stream of water that was retained by a 
rim formed in the earth—and we filled the half that hal 
remained empty, aud thus on successively passing the water 
over two aides. | 

We have thought that the stability—if we шау expresa it thus 
—of the Portland cement mortar was iu a great measure due to 
ita great weight, which is more than half as much again на that 
of ordinary lime. In fine, if the concrete made with cement is 
with difficulty applied in water, it is possible to apply it dry in 
land charged with springs without inconvenience. If, however, 
it were absolutely necessary to apply it in water, we would 
recommend the use of machinery, in the style of “ tremies,” in 
preference to any others; for the two facts we have mentioned 
prove that a layer of Portland cemeut concrete may be spread 
under the water with the tremies with less alteration than & 
similar layer of lime mortar. We also would recommend that 
the concrete should be made with rounded stones, rather thin, 
with angular stones that аге the result of the breaking of the 
ballast, for it is extremely important to facilitate the sliding of 
the materials one upon another, to make up for the want of an 
unctuous character in the Portland cement. We may here 
observe that a round pebble from our shore seemed to us as , 
difficult to detach from a gangue of Portland cement mortar as a 
stone that was broken could be. 

Mode of using Portland cement mortar in masses of masonry. — 
In the execution of masses of masonry we think that it is а good 
practice to employ the mortar of Portland cement sufficiently 
soft, во that it should more ensily assist in the formation of beds 
that would form the seating of the stones, otherwise there is 
danger of the formation of mauy vacua under the masses; for the 
stiff Portland mortar acta as ordinary earth when it is worked 
with the trowel. Soft, however, it assumes a distingt character; 
it becomes more unctuous, and spreads more easily in the beds. 

An excess of water, as might have been expected, has produced 
a weakening of the mortar; but if the stiff mortar yields resis- 
tances that are superior to those of fluid, and very fluid mortara, 
it does not yield results that are comparable to those of the 
normal mortar, even when this is mixed with a great quantity 
of water. 

Under stones nsed as ashlar and laid in elevation, the mortar 
of Portland cement which does not stick to the trowel (we may 
observe, moreover, that the ashlar stones of the floating basin at 
Boulogne, which are obtained from the carboniferous limestone 
of the valley of Hereuse, in the neighbourhood of Marquise, are 
of a marble that is very smooth) tends in throwing off the excess 
of its moisture, and in hardening, to allow the formation of 
hollow spaces by the effect of shrinkage nnder the beds, of which 
the existence is brought to light in times of raiu. Thus һу 
reason of the porosity of the material, the rain water, driven by 
the wind, сап fill up the hollow spaces, which are made apparent 
when the rain ceases, by the permeation of the moisture. The 
greatest care must, therefore, be taken to ensure the strict 
obtainment of the beds that should be perfectly resiating, and 
this would imply great skill on the part of the mason charged 
with the setting. 

The following seems to us the best method to be observed in 
these cases:—The workmen commence by spreading upon the 
beds of masonry a layer of mortar of two or three centimetres 
thick that is sufficiently stiff; they place about the angles of the 
face two wedges of a wood that ів very tender, and these are 
driven in throughout their length; they equally wedge up with 
а piece of stone the back side of the atone that is intended to be 
laid; then the front wedges are gradually withdrawn, and the 

iece of stone then is inserted in the opposite direction, the stone 

ing forced down to Из place with blows of a mallet. The 
он Ай wedges do not serve in this case to do more than prevent 
the stone from floating upon its bed of mortar. They hinder in 
this manner the undulation of the layer; they can be easily 
withdrawn by hand as soon as the bed of mortar has hardened a 
little. 

The shrinkage that the Portland cement is exposed to ought 
to cause its rejection for the use of pointing mortars that are too 
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rich. Тһе best composition of this description of mortars seems 
to us to be that which is produced by a mixture of 700 parts of 
Portlaud cement to 1000 pue of gravel. To diminish as much 
ав possible the porosity of the e it is necessary to stipulate 
for a most energetic method of the compression of them by the 
tool that is used to draw the joints—in French, by the dagne. 
The mortar is, moreover, much solidified by this operation. 


Now we have had occasion to observe practically that bricks” 


made with compressed mortar offer а reeistance that is much 
greater than іп bricks which are made in ordinary mortar pre- 
pared in the ordinary manner. 

Amongst the remarkable properties of Portland cement 
mortars it is important to mention that it is beyond the effects 
of frost. The Portland cement mortars do not freeze, ав our 
masons say; and this allows the execution of masonry іп the 
cement in the winter season in cases of need. Thus, portions of 


immediately after they were prepared, had cracked very deeply 
after they were made, and before they had taken their definite 
form, in consequence of the freezing of the water, and had even 
partially fallen to pieces to a great exient, but after the thaw 
hed preserved in the detached morsels the greatest hardness. 

We will terminate this note by some words upon the influence 
of the degree of tenacity of the inert matters mixed with the 
cements, and upon the ultimate résistance of the mortars. We 
for this purpose made bricks that were composed of the following 
ingredients, namely:— 


1 of Portland cement and 2 (in bulk) of the gravel of la 
Creche 

1 of Portland cement and 2 of the Downs sand (all in 
bulk). 

1 of Portland cement and 4 of the gravel of la Creche. 

1 of Portland cement and 4 of sand. 


The sand that was obtained from the Downs was employed very 
fine; it did not leave any residue upon a sieve of eighteen meshes 
to the centimetre. The grains of gravel, on the contrary, were 
retained in about the proportion of one-third by this dimension 
of hole. We obtained the following resistance to tearing asunder, 
that are found in this table;— 


Rich mortar } 


Thin mortar 


Composi- Weight producing rupture by tearing asunder after— 
tiov of the 
bricks. | 6days. | 1 month. | 3 months. | 6 months, | 1year. | 2 years. 
45 80 100 160% 
1 vol. Port-| ,, Т 110 140 900 190 
land cemt./60 веду 190 90-90 100 5 120-98 165 5167-50 зю usen aio} 196-67 
R 
1 sand.... 1 0 185 115 110 190 
wd » 140 186 
«ү 80 110 148 180 
34 » 120 145 150 
1 cement. |4 4% 110 Өө 10660 185 | 1506 160 166-00 190 | 190-00 
4 190 100 150 140 
З баб апа)” » 100 140 140 
7-00 25) 49 88 
2-80 30 46 80 
1 Portland 0 5-50! 25 9687 " x 63:40 % 81-25 Т 
, м 
4 gravol 5 wa J 85 | 80 
ii Е „7 3 
2:50 10 15 85 
2-59 12 35 | 42 
1 Portland 1360 | 9.59 | 19 | 10°67 5: x 30:30 | * У 88:60 » 
121 , 22 
4 fine варі) ,, на % і 
” ” 24 bid 


It follows that the relation of the loads carried by the rich and 
the thin mortars, or those that were mixed with large proportions 
of sand, were as follows:— 


| After & days. [After 1 шп. |After 8 months. After 6 months,| After 1 year. 


-------!--------------------------------- 


43:00 96-67 104:50 
—— -092 деди =1'07 | -— } =0°86 
40-61) 90 120-8 


2:50 10°67 
— 0448 | ш041 
5-80 9647 


"After 2 years it was for rich шогикв.. .. 


al 165-00) | 
167-60) | 33°33) — 


80-20 38-50 
—}=0-48 zx) 
63 40 817% 


190 00 
—— 20:96 
19667 


Gravel 


a- 
Band.. 


Gravel 
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This would lead to the prescription, in a general manner, of 
the uss of fne sand in the preparation of thin mortars. 

These materials are then, carbonate of lime, nearly pure, to 
which the sea water has added a little magnesia. e find 
moreover similar matters everywhere that the water can pene- 
trate through the mortar that is made of cement. 


-----чө--- 


ROADS AND RAILWAYS IN INDIA. 
By Sır WinuiAM Dentsow, K.C.B. Colonel, Royal Engineers. 


Looxine to the fact that the Government of India, although it 
has expended large sums upon roads and railways, as well ав 
upon canals when opportunities of constructing these were 
afforded, has yet many thousand miles of road to make, and 


‚ fresh li f ication to ,I ot but think that 
Portland cement mortar which we had exposed to the frost dc ie ba eae tS WEGE ағадан тъ 


inquiry into Ше circumstances which influence the cost of trans- 
port in India, and a comparison of the advantages presented by 
different modes of communication, would be useful, not merely 
to the Government, but to the capitalists who may be disposed 
to invest money in works of this kind, and who, of course, wonld 
wish to derive from such investment the largest returna. 

Snch an inquiry, will I think, tend to prove that the local 
features of the country, the character of its climate, the peculia- 
rities of the people, and the nature of their industrial system, 
influence, far more largely than many are apt to think, the dis- 
cussion of questions which would seem, to most, to be simple 
matters of engineering experienoe. 

Before, however, I enter upon this inquiry and comparison, I 
must premise that the facts which I propose to classify and 
arrange, as the basis of any inferences I may draw, have refe- 
rence to the Presidency of Madras, which occupies by far thé 
largest portion of the southern extremity of the Peninsula of 
India, There is, however, a marked similarity between the 
state of thiugs in the different Presidencies; and, with some 
trifling allowances for local peculiarities, I think that what I 
have to say abont railroads in Madras will be found applicable 
to the whole of India. 

General aspect of the Country.—The Peninsula of India extends 
from Cape Comorin in latitude 8° М. to latitude 20° ог 21° W., 
at which point its width is about 14° of longitude or 800 miles 
or thereabouts. 

A range of mountains from 6000 to 8000 feet high runs parallel 
to the western coast at a distance of about 50 or 60 miles from 
the sea. This range is broken through at опе point, where 
there is а gap of about 40 miles in width, the height of which is 
not more than 1200 feet above the sea. The of the ground 
to the westward is therefore rapid, while, speaking gencrally, 
there is a gradual and much more gentle slope to the eastward, 
which is interrupted occasionally by abrupt secondary ridges 
rising to a height of 2000 or 3000 feet. Nearer the east coast the 
land slopes gravelly towards the sea, at the rate of about 4 feet 
per mile, in great plains, where there is but little to catch the 
eye, or to relieve the monotony of the landscape. It follows 
from what has been said above, that the rivers flowing to the 
west coast have shurt and rapid courses; though, ав they flow 
throngh a narrow belt of alluvial soil near the sea, they are often 
navigable for small craft for some miles from the mouth. Those 
that flow to the eastward have a much longer course, and, ав 
they drain a much larger area of country, they bring down, 
during the rainy season, a very heavy body of water; as, how- 
ever, the supply is but temporary, as will be seen when I speak 
of the climate, these rivers do not afford any facilities for water 
communication in their unimproved state. 

Climate.—The position of the Peninsula, within the northern 
tropic, exposes it to the action of the periodical rains. These 
are modified in their action by the relation of the peninsula 
to the great mass of the continent from which it projecte, под 
assume the form of two distinct monsoons. The south-western, 
which is by far the most extensive in its action, commences 
&bout the middle of May, and, so far as the Peninsula or India 
is concerned, expends its force principally npon the west coast, 
and the range of mountains parallel to it, where, during the 
months of June, July, August, and part of September, there in 
а steady down-pour with an occasional break; the average rain- 
fall may be put at 180 inches. 

Of course а large proportion of this water returns rapidly to 
the sea on the west coast; the effect being to lessen the saltness 
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of the sea, to such an extent as to kill the fish and all the planta 
which are naturalized ip salt water, for several miles from the 
coast, and to cause thereby а most disagreeable putrescent 
efluvium along the coast, and for three or four miles out to sea. 

A portion of the rain of the south-west monsoon is discharged 
троп the eastern slopes of the mountain range, and drains into 
the water-courses which form the heads of the large rivers, such 
asthe Godavery, Кімпаһ, and Cauvery, which discharge them- 
selves into Ше Bay of Bengal; causing heavy floods into the 
lower portions of these rivers. In October the wind veers to the 
northward of east, and is called the north-east monsoon. It 
brings with it the rain which it bas sucked up in the Bay of 
Bengal, and discharges it upon the eastern slopes of the Peninsula. 
The amount however of this discharge, which continues at ir- 
regular intervals through November and December, is not 
nearly so great as that of the south-west monsoon. The average 
of twenty years gives thirty-ong inches as the amount of rain 
at Madras during the north-east monsoon, and further inland 
the average is much lesa, not exceeding thirteen inches, 

Bain may be said to fall from May to December in some part 
or other of the Peninsula; butthe 44 or 5 months from January 
towards the end of May may be termed emphatically the dry 
season. Мо vegetation takes pecs except in situations where 
water can be found to irrigate the soil; the sky is cloudless, there 
is nothing to impede the action of the sun upon the ground, 
which is baked to the hardness of a brick where the aluminous 
element prevails, and is reduced to a dust where its consistency 
is less compact. А ( 

Cultication.—From the foregoing description of the climate, it 
may be inferred that the productiveness of the country depends 
altogether upon the periodical rains. Should nature pause in 
her action for a single season, the result of this short cessation 
would be such a wide-spread famine as would destroy millions 
upon millions of people, and reduce the country to a desert. 

On the west coast the rain falls with such regularity, and the 
atmosphere generally is so moist, that few or no attempts are 
made to retain the water discharged upon the range of mountains 
bordering the coast. On the east side of these mountaina, how- 
ever, the case is very different. Here the rain is scanty and 
irregular, and care is taken to secure as much as possible of the 
drainage of the country. In every water-course or line 
of drainage, dams will be seen followin each other in 
regular succession, till all or nearly all of the drainage water 
is caught, and retained for agricultural purpose; the surplus, 
which finds its way into the rivers, is again stopped by 
anicute, or dams constructed across them, from distance to 
distance, and channels are taken from above these dams, by 
which the water of the river is distributed as extensively as 
possible. When all this has been done, there is but à small 
proportion of the cultivated land which is susceptible of irrigation, 
the remainder is dependent upon the ordinary action of the 
rains, and is sown with what аге termed “dry crops;” namely, 
various kinds of millet and raghi, and also with oil seeds, gram, 
and other leguminous plants. This dry cultivation imposes upon 
the farmer the obligation of completing his agricultural opera- 
tions rapidly: һе cannot plough before the first rains have 
softened the ground; he cannot sow till he is pretty certain of 
сеп род! showers of rain. The result is that he is compelled to 
maintain, or at all events to employ, a pair of bullocks for every 
буе, or at least for every eight acres of land which he cultivates, 
as һе wonld not be able with lesa animal power to carry through 
the various ploughings and hoeinga which the land demands. 
The crop springs up rapidly under the influence of rain, and of a 
sun nearly vertical, and is ready for reaping іп fouror five 
months It is then reaped, trodden ont by bullocks, as was done 
in the time of Moses, and winnowed by the wind in a manner as 
old-fashioned as the threshing. When all this has been done, 
the farmer, unless he has land which he can irrigate, and from 
which be can get a second crop, has no work for his bullocks 
during the five or six months of the dry season; they are, conse- 

uently, employed іп ть а to market, and the 
ес or cultivator, leaving bin land to take care of itself (which 
it does by producing a plentiful crop of coarse grass and weeds) 
attaches hia bullooks to a light cart ог bandy, and becomes a 
common carrier, being satisfied of course with very small profits, 
за every penny which he receives, in addition to the amount 

nired to maintain his bullocks, is clear gain. — 

Population. —The population of the Madras Presidency may be 
putat 34,500,000, of which about 16,800,000 are employed in 
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agriculture. About 450,000 are congregated in Madras and its 
suburbs, There are, however, few ieee towns, though in each 
district there are three or four towus about which the population 
pede рака more densely than in the rural districts. As a 

n rule, the population is more generally diffused ever the 
Ls of the country than is the case іп England, where the agri- 
cultural portion of the community forms a much smaller portion 
of the whole than is the case in India. 

Wages.—4A. necessary result of this dissemination of the people, 
and of their employment in the rude processes of agriculture, ia 
that wages are low everywhere. The capital expended by the 
different companies upon railways and irrigation works has, 
by increasing the demand for labour, raised locolly the rate of 
wages; but even now, in parts of the country a little distant from 
lines of railway, from Rs. 9% to Re. 4 per month, or from 944. 
to 3d. per day, may be considered as the ordinary and average 
rate of wages; while, generally speaking, the whole of the 
agricultural labour is paid for in Find. She hire of а pair of 
bullocks and а man to drive them, and to plough at the same 
time, is five annas or 7àd. per day. 

Roads— Though men and cattle may be hired at a very low 
rate, a8 shown above, yet the coast of transporting commodities 
must depend very much upon the character of the road over 
which the traffic ів to pass. The main lines of road throughout 
the presidency are, generally speaking, in a fair state of repair, 
much money having been spent upon them. The principal 
obstacles to ready communications are the rullahs and water- 
courses, many of which are not bridged: daring the rainy season 
these are torrents altogether impassible; while in the dry season 
the river beds are filled with a loose drifting sand, acroas which 
the ordinary carts or bandies, carrying about half a ton, require, 
to be assisted by many men. The cross roads are іп a pretty 
good order for the character of the traffio which passes along 
them; indeed, during the dry season, roads though deep in dust 
do not oppose any great obstacle to the movement of goods or 
produce. А great proportion of the work of transport ін accord- 
ingly done in that season; the cost of conveyance Baig about 98 
annas, ог 33d. per ton per mile. 

During the rainy season the cost of cunveyance is much en- 
chanced: in the Sret place, the roads are вой and damaged by 
the rain; the bridges are carried away by floods, culverts blows 
up, бс. The actual labour and risk of conveyance is therefore 
much greater. In the second place, the rainy season being the 
working period of the agriculturists, the whole of the animal 
power of the ryot is expended upon bis cnltivation, and he 
cannot spare any to be employed upon road traffic, and there is 
therefore less competition; to set against this however, there ia 
less traffic at that time of the year, and I am disposed to 
consider the figures above given as the cost of conveyance, 
and which were taken from a return furnished by the Com- 
шівзагу General, of the coutract price for Government transport, 
to be a fair average for the whole year. 

Raüroads.—Of these, the Madras, or South Westeru line, is 
completed from coast to coast, a distance of 406 miles The 
North Western, which is eventually to communicate with 
Bombay, is open for a distance of 41 miles from its junction with 
the Madras liue. The Great Southern of India line is finished 
from Negapatam to Trichinopoly, a distance of about 80 miles, 
but it has yet to be connected with the Madras line by an exten- 
sion of about 80 miles, which will meet the South West line at a 

int about 250 miles from Madras. A branch from the Madras 
ine, about 80 miles in length, leads to the military station of 
Bangalore: this is just completed. When the whole of these 
lines are finished there will be a complete chain of railway 
communication connecting the pun military stations in thia 
Presidency with the great depót at ; and this latter will 
communicate directly with гот 

Canals.—Of these there are but few. The irrigation channels 
in the deltas of the Kistnah aud Godavery are used with great : 
advantage for local traffic; and there is a coast canal, connecting 
the backwaters of some of the rivers to the nortn and south of 
Madras; while the Irrigation Compauy has on hand a project 
for completing a line of water communication between Kurnool 
on the Toombuddra, and the sea on the east coast, 

As a general rule however, the country is altogether unfitted 
for this kind of communication, owing to the difficulty of 
securing, either at or below the summit levela, a sufficient supply 
of water to furnish the loékage and to meet the very large 
demand on account of evaporation. 
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І have given this short sketch of the Madras Presidency, and 
of the existing means of communication, in order to facilitate 
the comparison which it will be necessary to make between the 
result of the railway system here and elsewhere. 

In England and Australia, the indirect benefits ariaing out of 
the railway eystem afford a full compensation to the country at 
large for the capital sunk in the railway. The holders of the 
railway shares are losers, of course, to the extent of the ditfe- 
rence between the dividend paid and the ordinary interest upon 
the capital invested; but every man who travels by rail, and 
every mau who has s to send to market, saves a very large 
percentage of the amount he would have had to pay had his 
means oF commánicion been limited to turnpike roads. 

In India however, so far as the conveyance of goods is con- 
cerned, the indirect benefit is by no means во great as that which 
is enjoyed by English or Australian merchants. Here the cost 
of moving goods is about 234. per ton per mile on the road, 
while on the rail it may be put at 149.; that is, the cost per rail 
is to that per road as 2 to 5, while in New South Wales it is as 
1 to 4, and in England 1 to 5. 

The benefit to travellers in India is very great; the facilities 
afforded by the railway have төлде thousands travel, who in 
former times never dreamed of moving from their homes. Still 
however, the poverty of the people, the very low wages which 
they receive, taken in connection with the fact that a very large 
proportion of such wages is paid in kind, would seem to point to 
the conclusion that years must elapse before any very great ex- 
tension of passenger traffic will take place, except іп the vicinity 
of large towns. At the present low fare of gths of a penny рег 
mile for 3rd-class passengers, the Madras cooly would only be 
able to travel 94 miles for his daily wages; while an English 
laborer would earn enough in one day to carry him 30 miles, A 
reduction in the Madras rates would, I have no doubt, increase 
the number of passengers; but it is very questionable whether 
it would increase the net receipts. If, indeed, the coat of work- 
jag the railway in India bore the same ratio to the cost of 
working in England, as the rate of wages in India does to that 
іп Euglaud, the lowness of the Madras rate would not have 
much influence on its net receipts. But in India tle cost of 
Íreight has to be added to that of the coal or coke used; the 
a of skilled labour, as engine drivers, &c., are higher than 
in England, and though the ordinary labour employed about Ше 
stations, and on the maintenance of way, is cheaper than іп 
England, it is not cheaper in proportion to the difference of 
wages, for one Englishman will probably do the work of at least 
three natives, On the whole it will, I think, hardly admit of a 
doubt that the amount of traffic required to pay the interest of 
the capital expended upon the construction of the railway, as 
well as to defray the costs and charges of maintenance of way 
and of locomotive power, mnst be far greater in India than in 
England and elsewhere. 

ow the interest of capital is one of the heaviest charges 
against the proceeds of railway traffic, and when the traffic is 
comparatively light, aud not likely to increase to any great 
extent, it may be more to the advantage of the Government, and 
of the country generally, that a description of road shonld be 
constructed which, involving a smaller outlay of capital, but re- 
quiring a somewhat more costly description of locomotive power, 
would, at a charge little if at all in excess of that of the railway, 
furnish a return sufficient to keep the road in thorough repair 
pay the iuterest of the jr gums expended upon its construction, 
and provide an amount of tractive power fully adequate to the 
wants of the people, though the time expended would, of course, 
be very much iu excess of that required by the locomotive line. 

I propose, then, in the remainder of this article to investigate 
carefully the relation between the outlay and the returns upon 
various kinds of roads in the Presidency of Madras; namely, the 
railway worked by the locomotive engines; the railway worked 
by animal power; and the macadamized road. The first step 
towards this comparison must be the determination of the 
amount of passenger and goods traffic which is to be taken asa 
standard quantity, and in order to simplify the calculations, and 
indeed, to substitute matter of fact for matter of inference, I 
propose to take the amount of traffic upon some given line 
or portion of a line of existing railway, as this standard. 

The Madras or South West line of Railway, extending from 
Madras to Beypore, a distance of 406 miles, partakes too much 
of the character of a great trunk line to justify the adoption of 
the whole or any other portion of it as à standard of comparison, 
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whether as to outlay ог as to the amonnt of traffic; bnt the 
North West line, ur the portion of it already completed, viz., 41 
miles, may be fairly looked upon, at present, in the light of a 
branch; and ап inquiry into Ше cost of moving the passengere 
and goods, stated to have passed over this line, by some more 
simple system of conveyance, will affurd satisfactory data as to 
the relative advantages of railways or other roads. 

І may observe that the Madras Railway, though it only paid, 
during the first half of 1863, interest to the amount of “66 per 
cent. or 132. 74. per hundred pounds of capital expended upon 
the whole line, did, I have uo doubt, pay the full intereat of five 
per cent, upon the cost of the 40 or 50 miles nearest to Madras; 

ut it would be difficult, if not impossible, to attempt to deal with 
the line іш sections, and to attribute to each its fair share of ex- 
penditure and receipts. It is only necessary to say that, with an 
amount of traffic equal to 595,000 passengers, and 960,000 tons 
of goods in the half-year, the amount of interest was only, as 
stated above, "66 рег cent. for the half-year, во that 1,200,000 
passengers and about 200,000 tons of goods would only pay the 
сові of traction, of maintenance of way, and 1} рег cent upon 
the outlay of capital. 

The followin is an abstract of the nature and amount of the 
traffic ou the North West line, for the half-year ending 20th 
June, 1863; and the numbers given will, when doubled, form the 
standard amount of traffic upon which the calculation of the 
cost of conveyance on the different kinds of roads will be based; 
the actual cost of the working of the railway being taken. 


Passengers, 
1st-Claas A iss a 194х2= 888 
2nd ,, os ге DN 1,411 = 2,822 
за „p E au 75,999 = 151,998 
Goods, 
Tons i 15,711 x2 = 31,422 


The first and second class passengers will be merged into one 
of, say 3220. The second class of passengers will consist of 
152,000, and the gooda will be taken as 32,000 tons. I will now 
proceed to enter upon a detailed examination of the cost of 
Construction, of Maintenance of way, and of Locomotive power 
upou the macadamized road, upon the railway for auimal power, 
and ароп the railway for locomotive power, with reference to the 
above amount of traffic. 

CONSTRUCTION, 

let. Macadamized Roud.—The data aa to the cost of con- 
structing such a road as this have been furnished by the Public 
Works Department, and the amount given below may be con- 
sidered a fair average of the cost of such roads throughout the 
principal parts of the Presidency. 

Width of road ... Да oes ove 


$0 feet 

Width of metalling ... sé T€ 94 , 
£ «a 4. 
Cost of earthwork | .. 166 14 0 
Do. of metalling 255 25% sit 163 16 0 
Bridges and Culverts ... ee а 302 14 0 
Sundries Да Jas ET 40 0 0 
£673 4 0 


If an addition be made to this sum for the cost of super- 
iutendence, &c., bringing it up to £750 per mile run, this will be 
an ample alllowance for any contingency. 

2nd. Rai'way for Horse-power.—The cost of the earthwork, 
and of the bridges and culverts, would be rather less on the rail- 
road than on the macadamized road; for, while it is not intended 
to modify the gradients in апу way, or to add to the cuttings and 
embankments, except on very special occasions, the width of the 
road шау be less I do not, however, propose!to make any 
deductions on this account, but shall assume tle cost of the 
earth work aud bridges and ballasting at the same'sum ав given 
for the macadamia road, viz., £750 per mile; setting the metal- 
ling agaiust the ballast of the railway. The cost therefore of a 
railroad will be found by adding to the cost of the macadamized 
road, that of the purchase of rails, chairs, and веереув, and that 
of the labour of fixing them. 

The weight of the rail used at first on the Manjhester aad 
Liverpool fine, was 35 lb. to the yard, and it seemgto me that 
for horse traction, a rail 29 Ib. to the yard would be amply 
strong enough; and ав 2000 yards, or an addition of 240 yards 
to the mile, will be sufficient to cover all sidings, «съ 2 x 38 X 
2000 = 112,000 lb., or 50 tons per mile, will be th@ weight of 
These can be delivered at Madras at £8 Оз. per ton, 


4 


the rails, 
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and an additional 30s. per ton, making a total of £10 per tou, 
will cover the charge for conveyance, so that £500 will be the 
cost рег mi'e of the гађа delivered upon the road. Timber 
sleepers have been found to decay rapidly in this climate; I should 
therefore be iuclined to recommend the employment of stone 
blocks аз supports for the rail: in mauy parts of this presidency, 
where the gneisa crops out оп the surface, the stone block would 
be far cheaper in frat coat, and far more durable than any other 
description of sleeper; but, as these may uot be attainable 
generally, I propose to allow for the use of the iron pot sleepers, 
which have been employed on the railway. For the horse 
traction line these may be made lighter than for the locomotive 
line, but I propose to allow for the same weight aud price, that is 
#1 per pair of sleepers with the connecting tie-rod. 1 shall allow, 
however, for a bearing of tive, instead of four feet: the cost, uuder 
these conditions, of chairs and sleepers will be £1200 per mile. 

The cost of laying the railway may be put as ou the locomotive 
line, at 444. per yard run, the cost for 2000 yards would therefore 
be £37 10s, 

In order to make the action of this railroad perfect, it should 
be provided with a line of telegraph; and the cout of this, judgiv 
from Ше amount expended upon that оп the Madras line of rail- 
road, will be £90 per mile, 

The whole cost of thia railroad for animal power per mile will 
then be as follows :— 


Earthwork, including Ballast or Metal ... 330 10 0 
Bridges, Culverts, Ас. ... КЕ m 802 10 0 
Rails m E n ae 25 ... 600 0 0 
Chairs and Sleepers eee ss 1200 0 0 
Fixing Bails 25% Ка € eee Een 37 10 0 
Telegraph ... + Е не see i 90 0 0 
Stables and Rest Houses ... та sus E 50 0 0 
Sundries... ee. Er А aes m 40 0 0 
Superintendence, &c. ... abe m: 55% 76 0 0 

£2,627 0 0 


Locomotive Railway.—The сові of this may fairly be put at the 
same rate, £12,000 per mile : this has been the cost of the South 
West line, and it will in this case include the cost of the rollin 
stock required to work the amount of traffic taken as the standard: 
The comparison therefure between the capital expended per mile 
upon the different kinds of roads, and the annual charge on 
account of interest at 5 per сеці. will be as follows :— 


Cost per mile. Interest. 
Macadamized road ки £750 00... #3710 0 
Railroad for Animal power 2,627 0 0 131 7 0 
Railroad for Steam power 12,000 0 0 600 0 0 
(To be continued.) 
-------“.---- 


ARCHITECTURAL ASSOCIATION. 


Tur и meeting of this society was held on the 6th 
ult, Mr. E. J. Tarver in the chair. The following gentlemen 
were elected members of the Association—Mr. Alfred Water- 
house, 8, New Cuvendish-street; Mr. С. D. Mennie, Overton- 
lodge, Angel town, lr ит Е. М. Магов 11, n John’s- 
terrace, Regent’s-park; Mr. eric er, 18, Bucklersbury; 
and Mr. G. Allan 3, Маш Бань ” | 2 

Тһе Secretary read a letter from Mr. Papworth, requestin 
the Society to furnish the Voluntary Examination Committee of 
the Royal Institute of British Architects, with suggestions as to 
the mode of conducting the examinatious. The Hon. Sec., Mr. 
Mathews, reminded the meeting that a schedule of suggestions 
was sent up to the Institute during last session, and it had been 
partially acted un, with НИ ГА КА advantage. Іп connection 
with this sabject, Mr. Riddett announced that the Voluntary 
Examination Class was about to re-commence its session, and 
invited the attendance of members. After some conversation & 
resolution to the following effect was proposed by Mr. Ridge, 
seconded by Mr. T. Roger Smith, and carried nationals: 
“That this Association considers it highly desirable that a cer- 
tifteate should be given to each gentleman who passes the 
examination, atating the class in which he has passed; and that 
the certificate should bear the seal of the Institute and the sig- 
natures of the examiners.” 

Mr. Frorence called attention to a scheme for the formation 
of a clasa to study water-colour drawing uuder an able master. 
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The matter had been brought before the committee of the Asso- 
ciation, who had expressed their approbation by grauting the 
use of the rooms of the Association for the meetings of the class. 
Twelve gentlemen were requested to give their names to Mr. 
Florence, avd thus form the first section of this class. 

The CHAIRMAN then said that he regretted to announce that 
Ме. Cockerell, who had promised to read a paper on the “ Works 
of the late Professor Cockerell,” had been unable to attend this 
evening. It became necessary therefore to turn to some other 
subject, and it had been decided that a discussion should take 
place оп “Architectural Study,” with special reference to the paper 
which had been read some time ago by Mr. T. Roger Smith, aud 
he calied upon Mr. Ridge to open the discussion. 

Mr. Кок said he was afraid the committee, when they decided 
to have a discnssion, did a very bold thing. Their reason for so 
doing was uot simply that they could not get another paper to 
fill up the eveving, for it was possible that some gentleman 
would have given a paper оп this occasion, but it was thought that 
an Association ИКе this ought te be able to entertain itself for at 
least one evening wheu circumstances required it. The subject 
of the education of architects was one of wide range and 
vast importance. So much had been said on this subject in 
the three papers which had been read to the Assoziation by 
Мг. Т. Roger Smith, that it was difficult to say anything 
new on it, but on the other hand, those papera had not been 
fully discussed at the time of reading, so that they might 
furnish matter for consideration this evening. For carrying 
on a discussion it was necessary that diversities of opinion 
should exist; but as a rule, members of the Association did not 
display very much difference of opinion; they had no gold medal 
to give away, and consequently did not even wage the Battle of 
the Styles. It would be found, however, that they looked upon 
the subject from different points of view, and this would doubt- 
less furnish a discussion. Their chairman, for instance, would 
tell them with great nicety, the exact position which figure 
drawing should occupy in the architect’s education. Мг. 
Florence would explain how water-colour drawing becomes a 
necessity of art-education; while our Treasurer (with au eye to 
the half-guineas) will insist that belonging to the Architectural 
Association is a matter of the utmost importance. Mr. Ridge 
observed that the most remarkable thing which strnck oue on 
looking at the Architectural profession, was the wonderful deve- 
lopment it had undergone in recent years, and this necessitated 
^ corresponding advance in the architectural course of study. 
The recognised education of architects, however, was nt present 
much the ваше as that recognised in the old “ five order” period: 
young men were articled now, as then, but beyond that nothing 
very detinite was done ав to their education; nevertheless, oppor- 
tunities were now set before the young architects, which the 
older members of the profession were constantly telling them 
“did not exist in their time,” but using these opportunities is 
purely voluntary, and forms no part of the system. One сопве- 
quence of the greater development of the profession, was the 
aer number of men now rushing into it, which in some ways 
had caused a deterioration from the old system of education. For 
instance, much less time is now spent in study abroad Шап was 
formerly the case: this arose partly, no doubt, because Medieval 
architecture could be studied at home; but still, it was a matter 
worthy of the attention of those who were considering the conrse 
of study which ought to be pursued by young architecte. Mr. 
Ridge believed that шапу would feel conscious that much of the 
time of pupilage was often wasted in finding out what a student 
ought to learn, and the discussion of this evening would, he 
hoped, assist some of the younger metnbers of the Association іп 
this particular. Mr. Smith’s paper, they would remember, ended 
with a paraphrase of Demosthenes’ ul known saying as to the 
most important requisites in oratory. Mr. Smith had said that 
drawing was the first, the second, and the third essential 
for an architect, Не (Mr. Ridge) would, even at the risk of 
"finding aim the archer never meant,” take the liberty of 
giving а separate meaning to each repetition of the word 

rawing. To the firat, he would attach the meaning of * Geo- 
metrical drawing;” to the second, “ Free-hand drawing;” aud 
the third he would call “ Drawiug from the round.” Making 
geometrical drawings of existing buildings, was a combination 
of “Geometrical drawing,” with "Drawing from the round.” 
In geometrical drawing they had sufficient practice, ae they , 
were of по use in an office if incapable of doing this species vf 
drawing. On the question of free-hand drawing, Mr. Smith 
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had hinted that the pupil ought to have some proficiency in it 
before he entered the profession. He (Mr. Ridge) que agreed 
with this opinion. din a specification might be con- 
sidered a fourth essential. It would be well, however, to bear 
in mind that the object was not so much to learn to write а 
specification, as to describe the work inteuded to be executed. 
We should, therefore, study the details of buildings on the works 
themselves, and on good detail drawings, and во describe what 
we understood, “and not crib phrases out of other specifications.” 
Mr. Ridge illustrated the danger of putting the usual clauses 
into specifications without considering the effect they would have 
in individual cases, by an instance he had lately seen. Certain 
detached shafts of hard and dark coloured stone, such as are 
always obtained in as long lengths as possible, had been intro- 
duced in the interior of a church, in pieces of about a foot in 
height; on his remarking on the peculiarity to the clergyman, he 
replied that it arose from the insertion in the specification of the 
elause, “that all stones were to be laid on their natural beds,” 
and this the masons had attended to in a manner never contem- 
plated by the architect. 

Referring to the voluntary examination scheme, Mr. Ridge 
observed that it was one of the t helps which the last few 
years had brought to young architecte, He wss sure that the 
very attentive study of the whole scheme of these examinations 
would be ашріу repaid. Not only was there a most excellent 
liat of books, which divided into books which they read and books 
which they were advised to read; but the scheme alao pointed 
out, by the mode of distributing the marks, what architects must 
know, and wbat they ought to know. The voluntary examination 
scheme waa aleo calculated to warn young architects against one 
very obstinate sin of the profession. Most men were apt to 
study а few things exclusively, to the neglect of others. But the 
examinations directed attention to a very varied list of subjects, 
all of which it was requisite to study. Mr. Hidge observed that 
there was great diversity of practice as to the extent to which 
buildings both ancient and modern were studied. Some did 
little more than look at drawings of them in books or magazines. 
By the study of old bnildings а knowledge of the different stylea 
of architecture should be arrived at; and it seemed to him that 
one particular style must almost necessarily be preferred, and во 
selected for special attention. Thus a large school of architects 
at the present day looked upon the architecture of the thirteenth 
century as the purest and best for study, an opinion іп which he 
agreed, believing it to be the period when Gothic architecture 
came to perfection without running into abuse. This period 
therefore ought to be thoroughly and completely studied, and in 
conjuuction with it he believed it was necessary to study modern 
modes of execution. It might be very well to erect in a park, 
separate from all other houses, an archaic and Mediæval building, 
bu; the same style if used in я street would make people laugh. 
To hia mind it was quite ridienlous to erect Mediæval buildin 
in the streets of a city like London. For this reason they ought 
to study modern buildings and modesof execution, and even such 
unpleasing subjects as the “ Building Act" Combining these 
things with the particular style of architecture to which they 
were addicted, they would produce something appropriate for the 
present period. This process, Mr. Ridge maintained, differed 
from striving after a “ Victorian Architecture,” which ita friends 
pronounced was to be as different as possible from any of the 
styles which had preceded it. Mr. Ridge remarked that many 
people seemed to think it not quite proper to sketch from modern 
buildings. He doubted whether this opinion was correct, as they 
were frequently well worthy of study, and moreover, Ше arcbi- 
tects of the present day worked under the same disadvantages as 
the student would have to contend with. 

Mr. Ridge said he would close his remarks with the observa- 
tion—that in studying buildings, they mast endeavour to arrive 
at the ideas of the architects who designed them. Unless they 
could perceive why certain forms were abandoned—wby certain 
transitions took place, and why other styles were adopted, which 
were not now cousidered so good, their study would be but 
imperfect. M. Viollet-le-Duc's Dictionary adopted this mode of 
treating the subjects, and һе thought it worth anyone's while to 
learn French, if only to study that work. The process of practical 
reasoniog carried out in that book made an article on some point 
of military architecture, which was now necessarily obsolete, 
equally interesting and instructive with those on ecclesiastical or 
domestic subjects, which might arise аб any time in ordinary 
practice. The whole spirit of our study of aucient architecture 
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might be summed up in the words of Mr. Scott, in one of bis 
lectures at the Royal Academ) --“ That we should strive to 
do, not what they did in the middle ages, but аг they did." 

Mr. Мовтн thought it woulu be well if a man, before be 
entered the profession, studied free-hand drawing, and hada 
kuowledge of perspective, and then obtain a practical insight of 
the leading principles іп the art of building by working іпа 
builders yard or office for some time. Не had been present 
some time ago at a discussion, at the Institute, at which it was 
stated tht it formerly was considered advisable that anyone who 
entered the profession, ought previously to have passed a year 
in a builder's office or yard, learning the practical part of 
architecture. This was not done at the present day, and he 
thonght that this defect lay at the root of the imperfect educa- 
tion of architecte. The young men who entered the profession 
learn nothing for the first two years, except perhaps to draw up 
a few specifications, of which there were чега опе ог two 
dirty, well-thumbed, and grubby copies kept in the oftice, 
especially for the pupils to copy. He did not undervalue figure 
drawing, or the proper use of colours; these were very im- 
portant; but first of all the pupil ought to have a thorough 
practical knowledge of the details of building. There were many 
books which professed to teach the student what he ougbt to 
know on these points, but they only led him into a fog; some 
gave sketches of specifications, which the pupil had to fill in, ап. 
these he thought were calculated to mislead. It often happened 
that the architect, knowing what would be wanted, but owing to 
the absence of an early practical training, not knowing how to 
express it, had to leave important details to the mechanic, who is 
generally prejudiced and wedded to old notions, and in this 
manner grave mistakes were committed. He thought the pupils 
should be trained to be engineers as well as architects, for he 
considered engineering to be the practical of architecture. 
Partly owing to some architects (through the defecta of the 
present system of architectural education) being unable to go 
minutely into the cost of labour and materials, and partly owing 
to unprincipled outsiders, whose strongest title to the name of 
architect was on the outside of their doors, there waa a general, 
and oftentimes well founded complaint—that work which was 
estimated at, say £11,000, often came out at £15,000 when 
finished, a state of affairs very prejudicial to the working men of 
the profession. If architects paid more attention to 
building, and leas to pretty drawing, he thongbt the profession 
would make a style of its own, be more frequently employed by, 
und give more satisfaction to cliente, than they sometimes did at 
the preaent time. 

Mr. Корренв remarked that pupils, as a rule, did possess some 
skill in free-hand drawing, and many of them wasted their time 
in pen-and-ink sketches upon the office paper. А knowledge of 
geometrical drawing before entering an architect's office, might 
make them more useful in the office. Free-band drawing was, 
however, he admitted very important, and ought to be recom- 
mended to all pupils who had not learnt it. 

Mr. J. Посот.лвв MaTHEWS said, he thonght stmdy for the 
architectural profession might be divided into three parts: first, 
informution gained by literary research; second, by association 
with others; and third, by actual observation. All these most 
important branches must be attended to by every man desirous 
of success; and the best way of accomplishing them was to make 
study as agreeable as possible. When a pupil entered an office, 
he should understand that he was expected to atudy out of office 
hours; formerly he had to study his lessons, and that study was 
still to continue; and when he had finished his office work for the 
day, his evenings were to be devoted to Ше mastership of such 
subjects as would advance him in the profession. It was, 
therefore, & question of some importance as to the way in which 
study could be made most interesting. Тһе few remarks he had 
to make would be on the advantages of associated study, with 
special bearing on their own Ássociation. For his own part, he 
felt strongly that study in conjunction with others: was moet 
interesting and desirable; while, at the ваше time, he could not be 
blind to the fact that many studied best and most thoroughly 
when alone. It therefore waa an important point to discover 
as to the best mode to adopt individually. There was а certain 
amount of knowledge necessary before joining an association or 
class, with any benefit to the stndent himself or his fellows; and 
this must be obtained in private. The reason of this obviously 
was, that the subject brought forward would not compre- 
hended without some amount of previous study, withdut which, 


р 


May 1, 1866] 


instead of gaining any benefit by attending such class, the results 
would be a Іова of time and disappointment. Оп the other hand, 
he thought that the student who had given some little attention 
to the rudiments of the various subjects in home study would 
find that associated study was most profitable. Ав regarded the 
relimin&ry work, he considered the man who had mastered 
eale’s rudimentary treatises, or works of a similar character, 
was of sufficient attainments to make his association 
with others advan us. He begged to read an extract from 
Mr. T. Roger Smith's paper :-- 

** I believe it quite worth any student's while to join the Association 
for the Class of Design only, and I very strongly urge it upon the 
attention of you АП; adding to my hearty recommendations that you 
should join it, the one caution, that you should in working out its subjects 
embrace every opportunity of showing the plans and some of the details 
as well as the general outline of your design, not contenting yourselves 
with a showy sketch, but working it more or less aa though the drawing 
were to be built from.” 

He (Mr. Mathews) thought that one of the advantages in 
association was, that a man had opportunities afforded him of 
making friendships and securing associates of his own age. 
Another and important advantage was, that it kept a man up to 
his work, as young men were often inclined to “shuffle” their 
work. Another advantage was that by association they were 
mutually instructing each other. Each man ought to feel that he 
had a share in assisting the advance of the particular class to 
which he belonged. It was very easy to sit іп а room with a 
number of others, and listen to a lecture; but the question was, 
did instruction simply by lectures produce the impression which 
was necessary? Doubtless attendance at lectures was very 
desirable but it must not be considered everything. It required 
to be followed up by private and associated study. He (Mr. 
Mathews thought it wonld be advantageous if members of classes 
were each to select а certain book on the subject to be studied, 
make extracts therefrom and read them to their fellow students, 
by which means they would have a collection of opinions, which 
wbile grounding each student in his work, would be advan- 
tageous to the other members of the class. Не commended this 
idea specially to the meinbers of the voluntary examination 
class. It was by this exchange of thought that ideas were 
formed in their minds, and the necessity of thus exchanging 
thoughts with others should be kept in view by everyone, from 
the beginning to the end of his life. One other advantage was, 
that а man could understand much better what he studied, 
seeing there were points that would Appear difficult in private 
study which by the help of others would be made comparatively 
easy. Mr. Mathews remarked that t attention ought to be 
paid to minor points in the course of study. As they got older 
they would find that the things which now appeared trifling 
were the very ones which mastered them afterwards. Questions 
on trifling points were often asked by clients, and it was most 
embarrassing to have to confess that the little things bad not 
been во closely studied as they required. Adverting to the 
necessity of association, Mr. Mathews said, every man must have 
companions. The greater number of the pupils in London 
architect’s offices came from the country. They were frequently 
unacquainted with anyone in London. Perhaps their fellow 
pupils in the office were not of the kind they desired for com- 
рапіопа. Ifsuch young men joined an association, such as our 
own, they met men of their own age and calibre with whom to 
form intimacies, Acquaintanceships were frequently formed 
auder such circumstances which were lasting throughout their 
lives. Ifa man made а suitable choice of companions it had a 
beneficial influence upon the formation of his character for the 
remainder of his career. Again, a most important quality which 
association tended to educe was perseverance. In whatever line 
of life a man might determine to walk, perseverance was a 
moat necessary quality. By contact with others in classes a 
spirit of emulation was awakened, which urged men on to per- 
severing study. This spirit of perseverance would not be so 
active if the sudent were to stady alone. He (Mr. Mathews) 
would not deny that there were some disadvantages incident to 
associated study. Іп во large a place as the Metropolis there 
was often a long distance between the student's residence and 
the place of meeting, and it might be said that the student 
could improve the time better at home in private study than 
by wasting it in taking. a long journey. He admitted there was 
а loes of time, but still he thonght that, all things considered, 
the advantage was on the side of class attendance, especially as 
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there was a possibility that if the student stayed at home he 
would not study at all Another point which, to those engaged 
in class study, required to be guarded against, was a нра 
to have no decided opinions of their own, but to be content 
to follow those of the majority of studente. This could only 
be obviated by independent thought. Every one must make 
up his mind, and decide for himself what was true and right, 
and ought not to allow himself to be swayed from his care- 
fally formed opinions without very good reasons. Mr. Mathews 
concluded by urging upon students the necessity of perse- 
verance, zeal, and love for their work, as without these it would be 
useless to follow out their profession. These qualities were 
especially desirable in the attendance at classes, which must not 
be fitful, but regular. If they were not zealous, and had not 
love for their work, they could not hope to succeed, and in ex- 
pressing this opinion he was sure he should be backed up by 
oe who were older and had far more experience than 
self. 


A Мемвев referred to what Mr. Ridge had said, regardin 
the benefit to be obtained from studying modern buildinga, an 
said he thought such a practice would be considered “ prigging:” 
nobody, of course, would appropriate the entire deeign of a 
Бааша: but architects might accuse students of stealing their 

talla. 


Mr. T. R. Surra said it was gratifying to find that the Associa- 
tion had determined to fill ra а vacant evening, by discussing 
such an important subject as they were considering, and gratify- 
ing to himself because his paper had been made а sort of ground- 
work forthe discussion. He did not propose to say much on 
points that had been dwelt npon by other speakers, but would 
ЕТ out that the range which the discussion had taken showed 

ow very much they had to learn. There were many things 
with which students of architecture ought to make themselves 
acquainted, as an absolnte necessity, and many things which 
without being essential would yet be very advantageous to know, 
There were, in truth, but few lud of knowledge or attainment 
which the architect would not find of iei d If this was the 
case, it was clear they ought to work constantly inning early 
in life, and neglecting no kind of study which would be beneficial 
to them in their career. He advised that they should never misa 
any chance which might offer of learning anything which affected 
their profession. They should bear in mind, moreover, that their 
time waa limited, and if they wish to make their studies success- 
ful they ought to classify the objects of study, and pay most 
attention to those eubjects which were of most moment. Mr. 
North had well pointed out the importance of а thorough 

ractical knowledge of the constructive part of the profession. 

Го those who could do it, nothing was better than passing some 
time іп a workshop or on the scaffold. But the most important 
and chief part of their duty was the study of architecture as an 
art—as а fine art, аза constructive art, and asa science. They 
ought to know architecture as a skill—as a trade, as a business; 
but above all that, they ought to know ft as a fine art, a mastery 
over whieh, was the highest point to attain. It was im- 
possible to know the art, unless they understood the structure 
and materials, and the pu for which they were intended ; 
but they might know all that, and still fall short of practising 
architecture to the best purpose, fall short of the power necessary 
to make themselves a great name, and to produce buildings 
which should be а credit to the country and to themselves. He 
should therefore be very glad if the students would set before 
them the duty of studying earneatly those things which bore 
upon the artistic part of their profession. They should no doubt 
study buildings both ancient and modern ; but if they studied 
modern buildings, he advised themi to study only good ones. 
There were only a few good, and very many bad, among modern 
buildings. But whether ancient or modern buildings were 
studied, students should ever keep their band and their eye con- 
stantly alive to all that bore upon architecture as а fine art; for 
this reason, that he urged the importance of early attaining great 
excellence in drawing. There were some things which could be 
learned late in life, such perhaps as the power of fluent talking. 
But whatever reuma much study, required to be Jearnt in the 
first twenty or twenty-five years of а mau's Ше. Few learnt 
languages after that age, and few had much skill in draughtsman- 
ship who had not attained that skill by the time they had reached 
that age. It was therefore most important to study early, in 
order to gain skill with the pencil, and they should make this 
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а very prominent aim. Notwithstanding what one gentleman 
had said to the contrary, he was himself convinced that enter- 
ing an office with some akill in free-hand drawing was a great 
advantage. When they got into an office, their time was of 
course taken up by technical matters, and the opportunity of 
there learning the higher parts of draughtemanship was rarely 
great. Their preliminary knowledge would therefore to a great 
extent fix the amount which they could afterwards attain. At 
the same time he 914 not consider that tine draughtamanship 
would of itself alone make a young mana good architect. The 
architect's business was not to draw fine buildings, but to build 
them, and the reason he (Mr. Smith) laid so much stress upon 
drawing was, that they might be able to draught their own 
designs, and to shape and communicate to others their own 
ideas. Then they required to be well acquainted with the con- 
stractive part of the profession. They ought to know the effect 
which the features introduced into their designs would have 
when erected. Unless they understood а great portion of the 
technical knowledge which the workmen had, they would not be 
able to get satisfactorily executed. For this reason a structural 
knowledge of buildings was indispensable. But if it could be 
said that of two equal things one was greater than the other, and 
if structural knowledge and artistic knowledge were the two 
things of equal importance, he would say that artistic knowledge 
wan greater thdn structural knowledge. It was of great impor- 
tance to students that they should avail themselves of any 
machinery which was set in motion to assist them. They would 
find the machinery of classes of t help. The reason why, 
with only moderate ability, men who bad through a good 
school and college often succeeded remarkably well, was that 
there was such an admirable system of machinery to ussist 
in developing their powers. The systematic arrangements for 
the study of architecture in the present day were few and im- 
perfect, and he thought this іп one respect an advantage. Self- 
reliance was thus developed in the young architect. There 
was a disadvantage in a perfect system of machinery for educa- 
tion. It tended to produce a large number of architects of the 
same pattern. He (Mr. Smith) had been struck with the 
uniformity .of the most recent architectural work in Paris. 
One cause of this was, no doubt, the very complete academic 
system of architectural education there, one natural result of 
which was that the architects all designed very much in the 
same style. He wassure that the buildings designed by archi- 
tects in the reign of Napoleon III. coala. be recoguised as of 
this era, and dated to within a year or two, two or three 
hundred years hence, by future archæologists, if the buildings 
remained till that time. This uniformity was ter than 
would suit the genuis of the British nation, or of British archi- 
tects, and showed the bad reanlts of too much machinery. But 
still some aort of educational machinery was requisite, and he 
thought the students owed a vast deal to this valuable Associ- 
tion, for the efforta which it had made to supply this 
want. 

Tue CHAIRMAN had found Mr. Smith's paper so exhaustive, 
that he was glad his pusition did not require him to say much 
on that occasion; he would only venture on one general remark, 
namely, that the young architects must not be in too great а 
hurry to make their studies remunerative. There was so much 
to learn, and so much to be thonght of, that one felt quite over- 
whelmed, until the requirements of business recalled one toa 
practical state of mind. He considered the discussion had been 
very good, and hoped that the evening’s debate would lead to the 
earnest study of professional duties. 


At the meeting on the 20th ult, the following notices of altera- 
tion in the rules of the Association were given. The alterations 
% be considered at the special business meeting, on the 4th, inst. 

Proposed by Mr. T. R. Smith, and seconded by Mr. Lewis, that 
in the rule No. 4, the words “two vice-presidents” be substituted 
for the words “vice-president” and that in rule 5, the words “ more 
than” be inserted next before the words “two successive years.” 

Proposed by Mr. Ridge and seconded by Mr. Florence, as an 
amendment on the proposed alteration of rale 5, that that rule 
shonld stand thus, “Тһе office of president cannot be held by any 
member for two successive уеага, or that of vice-president for 
more than two successive years. 
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LONDON STREETS.* 


THE difficulties and dangers of our streets, about which so 
much has, during a century and a half, been said and sung, are 
again the theme of many voices. If we were not the grave aud 
deliberate people that we are, if our constitutional immobility 
did not at inconvenient moments still betray the eastern origin 
of our race, we might trust that the reformation in our thorough- 
fares, which has яо long been demanded by sage and satirist, 
would set in with a swift and steady tide. We have in Trivia a 
lively treatise on the Art of Walking in the Streets of London, 
much of which might be given in sober earnest now. Many of 
the old evils, ofteu too in the old spots, may yet be found sur- 
viving Gay's satire, and terribly vital still. In spite of all that 
has been done of late years tending to the improveinent of ear 
streets, we ure driven to ask whether our works of public utility 
are keeping pace with our advancement in intelligence, in num- 
bera, and in wealth. One of these powers has indeed been 
steadily demanding for itself a larger measure of regard. Num- 
bers have an inexorable logic, uud now tbat we are proved to 
have packed ourselves so closely that there is not alone the 
certainty of interruption in our business, but a very appreciable 
risk of making an end of our business and ourselves once for all, 
it is likely that reform may be thought about in earnest. For if 
we are to believe that increase of population, of busiuess, and of 
intelligence, must produce а proportionable decrease of comfort, 
convenience, and safety, it may be worth considering whether 
the attraction of the people wwards towns is not a mistake. If 
the increase of wealth upon a given area renders the people less 
able to provide for themselves that facility of intercourse which 
is one of the great advantages of wealth, it may seem that a little 
more repalsion amongst the atoms of population would be whole- 
some permanently, аз we know it to be temporarily agreeable. 

We know however that there 1ь по песе: connexion between 
commercial prosperity and public inconvenience. That to keep 
the риза тыра of London in a state of cleanliness and соп- 
venience very much in advauce of their present condition, is a 
matter quite within the reach of its wealth, and the skill of its 
public officers. Will those who represent the tax-payers have the 
courage to say that this necessary work shall be done, or must we 
wait till some wise and strong government shall take the man 
ment of their affairs out of their hesitating hands? The evils of 
our present condition are too patent, and have been recognised too 
often in Parliament and in public, to need formal proof here, 
but it is not often that we have from competent anthority a 
clear analysis of the processes by which people proceed to elbow 
each other out of coinfortable existence, and a plain statement 
of the results and the needful remediea. 

Mr. W. Haywood the engineer to the Commissioners of City 
Sewers has in his report to the Commission given such a 
treatise оп the state of the city and its wants in respect of 
highways. It is one of those reports which during several 
years have occasionally come from the same hand, and treating 
of various questions pertaining to the health and comfort of 
the community. We have here the views of the responsible 
officer оға governing body which has interests of unequalled 
maguitude under its charge, and the value of those views is 
not diminished when it is seen that they are given without 
that reserve and cireumlocution which are erroneously supposed 
to be peculiarly official. 

Loon City is only the core of the Metropolis, and Mr. Hay- 
wood does not sever it entirely from that of which it is but 
а part, though in many respecta the most important part. He 
treats first of the Metropolis aud its great centres of traffic. 
Then of the City proper, and the great streams of traffic which 
set in towards it. tly, of the improvements that are needed 
to meet its necessities. Тһе extracts which follow will show 
how he deals with these matters. 

“Та order to take the broad and comprehensive view which the 
"n demands, I must refer to the whole Metropolis, for I shall be 
enabled to show that & large portion of its inhabitante have the most 
direct interest in the City, going to and from it daily, spending within 
ita limits the largest portion af their active life, earning therein their 
livelihood, and forming the bulk of the traffio which encumbers На 
streets. It is, indeed, for the convenience of this vast multitude, which 
resides in the Metropolis solely because of its contiguity to the City, 
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and selects its residences mainly with the view to the facility with which 
the City can be reached, that improvements in the thoroughfares are 
principally needed. М 

The population of the Metropolis was, in 1801, 958,863; 1811, 
1,138,815; 1821, 1,378,947; 1831, 1,654,994; 1841, 1,918,417 ; 1851, 
2,362,286 ; 1861, 2,808,989. 

From these figures it will be seen that the total population in 1861 
was three times that of 1801, it having trebled itself in 60 years. 

By the same figures it may be calculated that the metropolitan popu- 
lation doubles itself in nbont forty years, and this has been the rate of 
increase since the beginning of the present century—those sixty years 
cover periods uf commercial distress, political disaffection, long exhaust- 
ing wars, famine and pestilenoe, and АП those agencies which might 
have been ex to retard its growth, and this may therefore be 
fairly assumed as the rate of increase at the present day. 

question of population may, however, raise much speculation, 
leading to views adverse to those herein set forth, for such adverse views 
have been frequently expressed during the last thirty years (and probably 
at all times), but experience has hitherto been uniform in its contra- 
diction of them. It is possible, no doubt, that they may at length be 
true, and that all other views as to the future of the Metropolis may 
prove to have been false, but the practical method of dealing with 
a matter of this kind is to use the experience which is clearly before us, 
rather than depend upon theories which, however plausible, have 
hitherto proved fallacious. 

Now the population in 1865 was computed to be 2,993,513, which in 
round numbers I will call 8,000,000, therefore in forty years hence it 
may be expected to be 6,000,000, and it is for the wants of this future, 
as well as for those of the present community, in respect of highways, 
that provision must now be made. . . , . . 

Now should the population double itself in the next forty years, the 
mean annual rate of increase during that period will be about 75,000, 
amd at the expiration of the forty years, perhaps forty or fifty square 
miles of country will be covered, more or Toss closely, with homes 
for the additional three millions of inhabitants which will then exist. 

Bat there are other causes which have arisen of late years, tending 
largely to disperse and radiate that part of the existing population which 
is above the operative classes, the principal agency being the facilities 
for transit offered by railways. The tendency of that class undoubtedly 
is to seek cheaper residences and а purer atmosphere, and, oonseqnently, 
to enroach still farther upon the open area now round the Metropolis, so 
that, probably, sixty equare miles of open country, if not a considerably 

area, will be covered and occupied forty years hence, or by the 
time the o population reaches 6,000.000. 

For facility of access to the City, a large portion of that population 
will settle down as near to it as possible. It has been seen that the 
districts in the centre are already densely inhabited (and indeed the 
suburbs within a radius of 2} miles from Blackfriars-bridge are now 
closely populated), therefore the thickly populated area will annually 
extend farther and farther from the commercial centre, and the means of 
transit, unless ample provision be made at once, will be more and more 
difficult to obtain. As economy in time is of the highest importance in 
a commercial community, this difficulty must be obviated as far as 
possible, and should be well considered and arranged for at the present 
day. This is a subject requiring the immediste attention of the rulers of 
the Metropolis. 

Had the metropolitan authorities foreseen in years this vast 
augmentation of population, they might have provided, at but small 
Comparative cost, larger and more convenient highways to meet tho 
exigencies which have already arisen or must soon arise. As matters 
stand, it is probable that relief must be sought mainly in the construction 
of lines of railway to carry the suburban traffic, These railways have 
been termed, not inaptly, omnibus lines, ая they carry that class of 
traffic which previously to their introduction tad boen carried mainly 
by omnibus; and these lines must be at least co-extensive with all the 
main lines of highway out of London, and should be laid out upon & 
шөге complete and comprehensive system than has hitherto been 
atem 


Bat although railway conveyance must soon be used to a large extent 
by all classes of society in the Metropolis, and will no doubt supply in a 
greater degree the means of transit as the distance of the inhabited portion 
extends farther from the City, it will never obviate the of other 
vehiclee. For, as the wealth of the Metropolis пентоза, 5 над to 
expenditure increases also, and the employment of cabs and carriage of 
other descriptions, which give a convenience and luxury that a railway 
cannot afford, will be still greater than at the present day. Although, 
therefore, railways must prevent the vast and rapid increase in public 
vehicles which otherwise would be an absolute necessity, still the vehi- 
кетігін абатты And it is for this that provision must be made 
in ighways and thoroughfares of the Me is, ande ially іп 
those which lead to or are within the City, om AB dave the 
City from traffic керсету paming through it. 

ndeed, highways and railways should’ be considered together as ome 
question, for they are now concurrent necessities which may be made to 
amsist cach other greatly. It is а subject so pressing, that not a day 
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should be lost in entering upon the consideration ; to delay is to ignore 
the teaching of the last half century, and to diminish the chance of 
remedying the insufficiency in the thoroughfares, which is greater than 
in any metropolis or town in Europe. 

lt ie not, however, needful to enter into the question in Из fulness 
here. It is sought only in these preliminary remarks to draw attention 
to broad indisputable facta, which, in their future effect upon the metro- 
politan traffic, have never yet been sufficiently appreciated ; to show the 
vast population which is in the advent; the large area of ground it must 
cover with its habitations; the increasing distance those habitations 
must be from the centre; the traffic the population will generate; and 
the necessity which therefore exists for well-designed lines of highway 
to meet ita requirements. 

I now proceed to show how the City in respect of traffic will be 
affected by this population. . . . . . 


THE Great CENTRES oF TRAFFIC. 


There may be said to be two centres of traffic in the Metropolis the 
governmental centre, and the commercial centre; the one being at 
Westminster, the other within the City. 

The governmental centre comprises also what may be termed the 
centre of pleasure. It oomprehends the quarters inhabited by the 
nobility, gentry, and wealthy classes of England, and thoee attracted 
to the Metropolis during the London season Ri parliumentary business 
or for amusement; and is thus localised by the position of the royal 
palaces and the Houses of Parliament. It has its own special traffic 
at all times, but its more im t traffic has but а season, and that 
season is determined by the sitting of the legislature. 

The commercial centre of the Metropolis is the City, and the spot of 
most importance within its limits is the Bank of England, which is 
usually, but erroneously, thought to be the point to which all the traffic of 
the City gravitates; it is, doubtlesa, the point to which all commercial 
transactions must tend, and to which, periodically, most of the business 
men of the Metropolis and City wend their way; but much of the daily 
traffic either does not go to the Bank, or, if во, only because there аге at 
present no other main lines which public vehicles can take excepting 
those which approach it, and these therefore still present, with all their 
encumbrances, the best route to and from the various places of business. 

I now proceed to the consideration of the elementa which contribute 
to the traffic of the City, and the conditions under which it moves 
within the City. 

AREA, POPULATION, THOROUGHFARES, AND TRAFPIC OF THE CITY. 


Anga.—The area of the City, within the muncipal limits, is 631 
acres, or nearly one square mile. According to the divisions of the 
Superintendent Registrar of Births and Deaths, the area is 725 acres; 
deducting the water, 67, there remains of land 653 acres. This is 27 
acres in excess of the true area of the City, and the population returns 
here used refer to the larger area; the areas and atatistics of the 
thoroughfares must, however, necessarily refer to the true City area of 
631 acres. 

PoPULATION.— The population of the City was as follows at the 

iods given:—In 1801 the number of inhabitanta was 128,833; in 
1811, 121,124; in 1821, 125,065; in 1831, 123,608; in 1841, 124,717; 
in 1851, 120,128: in 1861, 113,387. 

It was, therefore, nearly stationary for а period of fifty years, but at 
the last decennial period was manifestly decreasing, and was, perhaps, 
lower than it had been for centuries. 

The population of 1861 waa lodged in 13,431 houses, which is at the 
rate of 84 inhabitants to each house. 

For the purpose of this population, and of all the traffic which 
belongs to it, the thoroughfares of the City would be more than sufficient. 
It is obvious that it is not for their accommodation that improvements 
are needed, and yet the smallness of the area of the City, and the small- 
пева of its sleeping Popalation in oumparison with the whole Metropolis, 
аге not uently dwelt upon by those who find it convenient to esti- 
mate the City’s importance according to the space it fills in the Census 
Tables, and the number of aquare yards of ground it covers. 

Nor will the sleeping population increase, inasmuch as the demand for 
apace for commercial pu , aad the construction of new streets, 
markets, and public buildings, will gradually and fortunately sweep 
away the houses which are now so densely inhabited. In their place 
will arise vast warehouses and structures full of human life in the day, 
and all but tenantless at night, and each succeeding census for many 
years to come may be ех to show a diminution in the City popula 
tion. The traffic in the City is, therefore, not materially caused by, nor 
is it likely to be sugmented by its sleeping population. 

The present sleeping population, therefore, neither represents tho 
actual population, nor the vastnesss of the City in any respect; for it is 
mainly composed of the poorer classes, or of those left in charge of the 
various premises, and year by year it will be less a representative of the 
City in any way, although its diminution will indicate the security the 
merchants and traders 4 the City enjoy in being able во to leave their 
vast property to the protection of the City police. 

The public ways шау be divided approximately, aa follows:—7 milos 


lit 


of main thoroughfare, 28 miles of collateral thorougbfare, 15 miles of 
minor streets and courts, alleys, passages, «с. There were in 1860 alto- 
gether 48 points of inlet to the City, the total traffie of which was, on 
certain days, taken by the police. Of these inlets, 3 were bridges, 33 
had carriageways and footways, 3 had footways only, 6 were steamboat 
piers, 2 were waterside stairs, 1 was a railway station; total, 48. At the 

resent time there are four additional railway stations which are inlets, 
bus as no general enumeration of the traffic of all classes has been made 
since 1860, I must herein refer to the traffic, and the conditions affecting 
it, as they existed in that year. 

The total number of persons entering the City upon & day in May 
1848, between 8 a.m. and 5 p.m. (a period of nine hours), was 315,099. 
The metropolitan population іп 1850 was 2,240,289, and may be 
assumed in 1848 to have been, in round numbers, 2,200,000, thus there 
entered the City, during в period of nine of the busiest hours of a day, in 
1848, a number equal to one-seventh of the whole metropolitan popula- 
tion. In Мау 1860 (twelve years afterwards), the traffic was again 
taken, and it was foun that, during twenty-four hours, the total num- 
ber of persons entering the City was 706,621. No means now exist of 
separating this return, so аз to arrive at the number which entered the 
City between 9 алп. and 5 p.m., and an exact comparison with the 
return of 1848 cannot be made. I take, therefore, the return between 
the hours of 7 a.m. and 7 p.m., in 1860 (twelve hours) when there 
entered the City 527,636 people. 

Now, in 1860, the ОЕ population was estimated at 2,829,130; 
therefore, during twelve of the busy hours of a day in that year, there 
entered the City a number of human beings equal to nearly one-fifth of 
the whole metropolitan population. And as the total number which 
entered during the twenty-four hours was 706,621, it was equal to one- 
fourth of the whole metropolitan population. 

As the traffic has increased since 1860, it may be computed that there 
now passes into the City daily three quarters of a million of human 
beings, and that the same number out at night, leaving but its 
residential or sleeping population of 113,387; and this vast daily influx 
is equal to one-fourth part of the whole metropolitan population, and 
equal to the combined population of the parishes of St. Marylebone, St. 
Pancras, St. George's, ЕВЕ, Ies. and Lambeth, as they 
existed in 1861. 

Comparing it also with the population on the registration districts of 
soine of the est towns in the United Kingdom in 1861, it was equal 
to nearly three times the entire population of Liverpool, more than three 
times that of Birmingham, four times that of Manchester, and added to 
the sleeping population, to more- than the total population of Dublin, 
Edinburgh, and Glasgow combined. Апа this is the true population of 
the City, for although not residential, most of its waking existence is 
spent within the City limits, and it comprises mainly the owners of the 
ciy property, and the creators of its wealth, importance, and traffio. 

EHICULAR TRAFFi0.—The great impediment in the streets is owing 
to the vehicles, therefore consideration must now be specially given to 
that branch of the subject; and as a general opinion upon this point 
may be best formed by bringing to your notice the large increase which 
has taken place upon the thoroughfares of the City, deapite the relief 
which has been given by the construction of new lines of street and rail- 
ways, I append в table showing the traffic at important points at periods 
fifteen years apart:— 


Width of 
Carriage- Total іп 12 hours. Increase 
Situation. way at since 
point of ob- 1860, per 
servation. | In 1850. | In 1865. | cent. 
PN USERS ft in. Mese ма: 
Aldgate High-street 1. — ..| 67 6 | 4754 | 8376 | 7618 
Aldersgate-street, by Fan-street | 30 8 2:590 39:936 | 51:96 
Bishopagate-street Without .. 22 2 4110 7366 | 79:22 
Blackfriars-bridge - .. 28 0 5:202 9:660 | 83-58 
Finsbury-pavement, by South-pLi 41 7 | 4460 6-715 | 50:56 
Fleet-&treet, by Temple Bar ..| 28 8 | 7741 | 11972 | 54-65 
Н Дрога, by St. Andrew's | 35 3 | 6906 | 9184 | 8026. 
London-bridge ... € ... 86 0 | 18:099 |19405 | 48'14* - 
48:922 | 70 501 


The-total number of vehicles which passed over the bridges in twenty- 
four hours, according to the latest observations in my possession, was as 
followa:— London-bridge, 25,960 vehicles, in June 1863; Southwark- 
bridge, 1094; Blackfriars-bridge, 10,653. у 

By the foregoing table it seems that the mean increase of vehicular 
traffic at the eight principal City inlets was 56°50 per cent. in fifteen 
years; whereas, during the same period, the metropolitan population had 
but increased 83°62 per cent.: tbe rate of increase in vehicular traffic 
was, therefore, far greater than the rate of increase in the population of 
the Metropolis. Ws ta ed 


k * Since Southwark bridge was opened toll free. 
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PrpzstRIAN Тварт10.--ТЪе question of the accommodation for the 
carriage traffic must always take priority in such considerations aa the 
present, because it ia that which suffers most from the waat of space, 
not having, from its very character, the er of adapting i to cir 
cumstances, which the pedestrian traffio has, yet travellers in vehicles in 
the City are as but one to every three on foot, and almost everyone is at 
some period a pedestrian in the City; their comfort and convenience 
when on foot should therefore not be forgotten, . . . . . 

The circulation of pedestrian traffic when within the City may be seen 
by reference to observations made in other places in 1863, when between 
8 алп. and 5 p.m. the following number crossed over Ше carriageways 
of some of the principal thoroughfares :—At the junction of Mansion 
House-street, Prinoes-street, Threadneedle-street, Cornhill, and King 
William-street, there crossed over in various directions 56,235 persons. 
At the junction of King William-street, Cannon-street, and Graceeburch- 
street, by the King William Statue, there crossed over in various 
directions, 42,395; at the junction of Ludgate-hill Fleet-street, 
Farringdon-street, and New Bridge-street, there crossed over in various 
directions, 37,075; at the junction of Cornhill,  Leadenhalkstreet, 
Gracechurch-street, and Bishopagate, there crossed over in various 
directions, 28,080. 

The foot traffic is therefore more vast numerically than the carriage 
traffic, and its activity and circulation in all parts is more surprising: 
and although stoppages do not actually take place through the aggrega- 
tion of the foot traffic, nevertheless the discomfort in some places is 
upon ordinary occasions considerable, and on wet days (there are 157 
days annually upon which rain falls more ог leas in London) the dis- 
comfort is very great. 

In most of the streets in the ceutre of the City the footways might be 
widened with advantage, whilst in others & widening is essential for 
celerity of movement as well ав for safety; and of some few thorough- 
fares it may be said, that if the whole of the carriageway was turned 
into footway, it would not more than comfortably accommodate the 
pedestrians. 

Composition or Trarric.—Of the traffic generally, some passes 
through the City on its route to other parts of the Metropolis; another 
portion stops but for a short time within it; but the largest number of 
persons are some hours therein transacting their business, оғ pass the 
whole day within its limita. 

On consideration of the foregoing figures, the vastness of the City 
traffic, both pedestrian and vebicular, will,be seen and i ; the 
conditions under which it moves within the restricted thoroughfares of 
the City will be understood; and the necessity for extensive improve- 
ments will be admitted. 

It will also be clearly seen that the traffic for which increased 
convenience іп the public-ways is needed, is not due alone to Ше тезі- 
dential population of the City, but is generated mainly by that large 
section of the metropolitan inhabitants to which the City is a place of 
daily resort. 

It is not, however, confined to those, but varies in its constitwents, and 
comprises all classes of society, from the highest to the very humblest in 
the social scale. Thus there are 68 Members of Parliament who have 
offices within the City, and are to be found there daily thronghovt a large 
ptim of the. year, and many other Members of Parliament have 

usiness interests in the City, even although they nominally have no 
occupation there. Ап] of that large class who are directors of the 
commercial undertakings which must have а home in the commercial 
centre, there are 56 Peers of the Realm, 132 Members of Parliament, 
and altogether as many as 589 titled and distinguished personages, whose 
directorigl duties bring them frequently within ita precincta. 

It may be aaid, then, that the City is the scene of the daily labour 
of hundreds of thousands whose homes are in the М. ie, or even 
far beyond Из broad area, and that within the City are the centres of the 
industry and commerce of almost the whole country. For "gen there 
are other places in England which are the homes of special industries, 
and of а special commerce, there is scarcely a manufacturer of note, or 
merchant of celebrity, in the whole nation, who has not his о бе or his 
agent in the City, and does not at times visit it personally, and it is 
m combination of interests that causes the vast traffic which daily 

it. 

Yearly this traffic has increased, and yearly it may be expected to 
increase, for the same influences are operating which have created it; 
and if it should continue to augment only in the same ratio as the 
metropolitan population (and it has hitherto exceeded it), then in twenty 

eara hence the dally infux to the City will he more than е million, and 
in forty years a million and a half of human beings; and, therefore, if 
for the wants of the present- traffic alone improved thoroughfares are 
needed, how much provision sheuld be made for the future! The 
whole Metropolis, and in a degree the whole of England, is, indeed, 
interested in this provision being made. 
THE ваат Әтвилшв OF TRAFFIO. - 


There are various ourrenta of traffic in the City, but the whole may be 
said to move chiefly upon two lines—first, that passing between the 
north and south; second, that passing between the east and west. 

These may be subdivided into several smaller streanm of traffic, but, 
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however many the inleta to the City, the traffic entering by them, before 
it reaches its destination, is nearly certain to mix with one or other of 
the larger streams. The direction and composition of the several 
streams of traffic and the conditions under which they are formed, must 
therefore be inquired into. 

The north and south traffic is divided into three principal stre&ma— 
that which passes over London-bridge; that over Southwark-bridge, 
and that over Blackfriars-bridge. 

London-bridge with ite approaches is the most important, and con- 
stitutes а line which, next to the east and west line, is more inadequate 
to the public wants than any thoroughfare in the Metropolis. London- 
bridge is the only roadway acroes the Thames, for the ion of а 
great area stretching far away into Easex on the north side, and Kent 
on the south side of the river; it is true that part of this population 
might go to the river banks and cross over in boats, but the vehicular 
traffic must pass by the way of London-bridge. 

East of а straight line drawn five miles to the north and five miles to 
the south of London-bridge, are comprised the following metropolitan 
districts :—On the north side— Bethnal-green, Blackwall, Bromley, Bow, 
Dalston, Hackney, Haggerstone, Homerton, Hoxton, Kingsland, Lime- 
house, Mileend, Plaistow, Poplar, Ratcliff, St. George-in-the-East, 
Shadwell, Shoreditch, Stamford-hill, Stepney, Stoke Newington, Strat- 
ford, Upper and Lower Clapton, West Ham, Whitechapel. These 
districts іп 1861 had a population of 667,000. On the south side— 
Bermondsey, Camberwell, ford, Dulwich, Greenwich, Lee, Lewis- 
ham, New Cross, Peckham, Rotherhithe, St. Olave, Southwark, 
Sydenham. These districts іп 1861 had & population of 282,000. 

The combined population north and south was, therefore, 949,000; 
and is now probably fully а million, or equal in numbers to one-third of 
the ше litan population; and tb thie must be added districts to the 
west of the line, and others further to the north, south, and east, for 
which London-bridge is the only highway over the Thames. In allof 
these the population is fast increasing, and іп some of them faster than 
in any other districts of the Metropolis: 

The north-east and east will indeed probably be the home of much of 
the future industrial population, and the south and south-east will be 
equally oocupied by those who form the great body of the commercial 
community of London. These will generate а vast traffic of pedestrians 
and quick moving vehicles, whilst for miles down the river on either 
bank, docks, warehouses, and manufactories are multiplying and crea- 
ing traffic of a cumbersome and slow character. 

or the traffic of this great community, already equal to four of the 


largest towns of land, there is but one bridge or highway over the 
tiver, haying a width of carriage-way of 86 feet, and a total width of but 
54 


In the year 1850, the vehicular traffic passing over London-bridge 
between the hours of eight a.m. and eight p.m. was about 13,000, in 
1860 it wae 16,000, showing an increase of about 23 per cent. in ten years. 

Now in September 1860, the Brighton Railway Company opened its 
Бпе to Pimlico, and much traffic which at that time passed over the 
bridge was diverted, and to this day it continues largely to prevent 

е from passing through the City. 

In the year 1864, the South-Eastern Railway Company's extension 
to Charing-cross was opened; that also effected a diversion of traffic from 
London-bridge, and has continued to do so, inasmuch as at the present 
time three-fourths of the whole of the continental and Hastings traffic 
of that railway is booked at the Charing-cross terminus. 

New Southwark-street was opened from the Borough to Southwark- 
bridge-road early іп 1862, and to the Blackfriars-road early in January 
1864; it gave а shorter and unimpeded route to the west and north-west 
of London, and immediately developed а large traffic. This traffic in 
November 1865, had reached 5700 vehicles, which comprised many that 
youd have passed over London-bridge bad this new street not been 

formed. 

On the 8th of November, 1864, Southwark-bridge was opened toll 
free; previously to that date ita traffic had scarcely ever reached 1000 
vehicles daily (8 a.m. to 8 p.m.), but it almost immediately гове to 3000, 
and in November 1865, had reached 4700 during the aame hours; this 
js ал increase of 3700 vehicles daily, а very large portion of which was, 
doubtless, taken away from London-bridge. 

Thus we have had the Brighton Railway extended to Pimlico, and 
the South-Eastern extended to Сһагіпе-отова; Southwark-street opened 
in 1864, and Southwark-bridge made free of toll at the end of the same 
Iti all four causing the diversion of a very large amount of traffic from 

ndon-bridge; but, nevertheless, in July 1865, the traffic upon 
Loudon-bridge was 19,400 vehicles, which was а г number by 
3000 than passed over it during the same hours in year 1860, 
before either the railways, the new street, or the bridge had beea 


At the present time, the whole line from St. George's Church, in the 
Borough, to beyond Norton Folgate, is, with the exception of the wide 
pes Bish во encumbered with vehicles during the busy 

of the day, that it is impossible to proceed along it at a rate of 
more than four to five miles per hour; whilst between Liverpool-street 
and Southwarik-street, the rate rarely exceeds three-and-a-half miles per 
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hour, and as the population increases, and the traffic geta greater, even 
this rate of progress will not be obtained. 

New BRIDGE AND APPBOACHES.— There is but one complete remedy 
for this, which is the formation of a new bridge or a tunnel, with suit- 
able approaches, lower down the river than London-bridge. 

A bridge во situated, with approaches opening for a sufficient distance, 
both north and south, would not only relieve London-bridge, but would 
relieve effectually the whole line of street from the Elephant and Castle 
to Shoreditch Church, aa it would also ease Eastcheap, Fenchurch-street, 
Leadenhall-street, and many other thoroughfares of the City, and would 
prevent, in a large degree, the conflict which arises between the east and 
west traffic whenever they cross each other, afford great facilities for 
business, and an immense convenience to a vast and increasing population. 

Таш aware of the t interests which would be interfered with by 
the construction of this bridge,—I am aware of the large sum of money 
which would be required, although I believe that the cost is exaggerated 
in the minds of most; but whatever the interesta may be, and whatever 
the coat may be, sooner or later а bridge or tunnel must be built lower 
down the river. Nothing else will effectually relieve London-bridge at 
the present day, and nothing else will satisty the requirements of the 
vast population which will, within the next forty years, exist east of 
London-bridge, and it is to be hoped this necessity will be boldly faced 
at once, and not be postponed until the period when it will cost double 
the outlay now needed, however great that outlay might be. 

The widening of London-bridge by throwing out footways on either 
side should be adverted to. This is physically practicable, although it 
could only be carried out to the utter destruction of the architecture of 
one of the finest bridges of Europe; it would not, however, help the diffi- 
culty of the traffic, as it is upon the approaches to the bridge on each 
side where the obstructions mainly take place. At both of those spots 
there is the confluence of several streams of traffic : the iage-wava it 
is true are.there not quite as narrow as the bridge itself, but they are 
subject to carts standing to load and unload, which the bridge ià not; 
and, therefore, widening the bridge would be useless unless the 
в Зара were made wider also. 

approaches include, on the south side of the river, the whole line 
from St. в Church in the Borough to the bridge; and on the 
north side, the southern branch of King William-street, and the whole 
of Gracechurch-street and Bishopagate-street Within; the cost of widen- 
ing tbese thoroughfares alone would probably go far towards construct- 
ing 8 new bridge with proper approaches. 
t is, however, fundamentally an error to make streets and bridges of 
very great width; laryo streets are more costly, they are also in one 

В inconvenient, they lead to concentration of traffic, and if stopped 
or impeded (ва at times they must be), the public inconvenience is very 
great—diffusion and not concentration of traffic should be the object in 
devising the thoroughfares of large towns—alternative lines give the 
most convenience—and as a principle it may be said that it is far better 
to have two bridges, each of 50 feet in width, than one of 100 feet in 
width, even if the сов were greater for the two than the опе, 


Mr. Haywood examines into the utility of Southwark-bridge, 
and gives his conclusions : 


“It is not probable, therefore, that it ever will be so great а 
relief to London-bridge as some һауе anticipated, unless by the agency 
of police regulations enforcing its usage. Nevertheless, situated as 
it is in the midst of so dense a population, with its ever-increasing 
traffic, and forming as it does the only highway over the river between 
Blackfriars and London Bridges, Southwark-bridge should be purchased, 
and the toll be removed from it for ever. 

Indeed, as a principle there ought to be no toll bridge in the 
erp: directly the necessities are so great that another bridge 
is needful, it should be built out of the public funds; and with regard 
to the existing toll bridges, as far ая to and including Vauxhall-bridge, 
they eu [A purchased, and the toll be taken off as speedily as 
possible. 

It may be desirable to add a few words, specially with regard to the 
purchase of Southwark-bridge. 

If the Corporation should be uuable to with its proprietors 
as to price, application should be made to Parliament for power to take 
it compulsorily, and determine the basis of compensation, or the process 
by which it should be determined. The commercial value to its pro- 
prietors is not a difficult matter to arrive at, for it has been opened 
forty-seven years, yet has never paid one farthing interest upon its 
original capital, and but one-and-a-half per cent. upon Из preference 
eapital of £150,000, nor is there the remotest probability of its ever 
paying more, for the traffic that naturally accrues to it cannot be great ; 
its gradients are bad, its width is small, and as years roll on the 

of ite maintenance may be expected to increase. On the other 
hand, eighteen months of freedom from toll leaves its present vehicular 
traffic under 5000 daily (its traffic previously being about 1000), 
and На footway traffic 12,800 in the same time (it previously being 
about 1400 per day); and the toll which might have been due from 
these would represent an extravagant estimate of its value to the 
public, inasmuch as it is olear that none of the additional traffic thought 
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it worth while to pay 14. or 2d. toll for the privilege of passing over 
it, With these conditions before us, and having due regard to its 
strength and permanency asa structure, it appears to me that а tribunal 
might be found to determine closely a just compensation to its pro- 
prietary. And if all measures fail by which tbe purchase can be effected 
at Ца true value, & new bridge, nearer to London-bridge, with good 
approaches, with good gradients, and ample width, should be built; 
and whether the proprietors of Southwark-bridge would then be entitled 
to compensation for what to them is almost a useless structure, is a 
point upon which I need not enter now. 

Tue East AND West Tsarrio.—The traffio which passes into and 
through the City from the west may be divided into two streams, which 
ultimately lead it to and past the Bank. These may be termed generally 
the north-west and south-west lines of traffic. 

The traffic of the north and north-west is collected by the line of 
Oxford-street and Holborn, and includes that from the districts which 
lie upon and beyond Bayswater, Edgware, Tottenham-court, and Gray's- 
inn Roads, and a large district lying to the south of the line of Oxford- 
street. Those districta comprise а vast area of residential Property of 
the better class, inhabited mainly by those whose business brings 
to the City frequently, if not daily. This traffic enters the City at 
Holborn, passes thro Skinner-street and Newgate-street, and meets 
the traffic of Islington and Clerkenwell at the western end of Cheapside. 

The purely western traffic is collected mainly by Piccadilly, and is 
joined at ing-croas by the south-western traffic coming from West- 
minster and the districts which lie beyond the line of Victoria-atreet. 
The united streams of western and south-western traffic pass along the 
Strand, enter the City at Temple-bar, and pass through Fleet-street, 
Ludgate-hill, and St. Paul's-churchyard; then, with the exception of 
that portion which leaves the stream at Cannon-street, this traffic also 
arrives at the western end of ide. 

Now the whole line from Temple-bar to Cheapside is insufficient for 
ita vehicular traffic; the line from Holborn-hill to Newgate-street is leas 
so; but Newgate-atreet itself ія во overcharged that it is already evident 
it should have been widened to seventy feot instead of fifty feet. 

These two streams of western traffic, each of which is too great for 
the channel through which it passes, then meet, and are compressed at 
the western end of Cheapside into the one channel not very much wider 
than either of them separately, and thence the united stream struggles 
through the Poultry rien d the Bank, throwing off or receiving, 
mixing, and clashing with the collateral and local traffio which meets it 
at right angles from the streeta north and south of Cheapside. At the 
Bank a diversion takes place, one portion going by way of Leadenhall- 
street and Fenchurch-street, the other turning off by Bing William-st., 
to Esstcheap and London-bridge. Although somewhat relieved by this, 
yet, eastward of the Bank, the line of streets is barely sufficient, and 
the extreme difficulty and confusion recommences at the eastern ends of 
Cornhill and Fenchurch-street, and also of Cannon-street, where the con- 
oentrated north and south traffic of London-bridge meets the east and 
west traffic at right angles; and from thence to the City boundary, both 
on the Leadenhall-street, the Fenchurch-street, and Eastcheap lines, the 
carriage traffic through the busy hours of the day is frequently congested. 

The traffic coming from the east enters the City at Aldgate, and 
proceeds by Leadenhall-street, Fenchurch-street, ог Eastcheap (but 
principally by the first of these thoroughfares), across the City towards 
the west, by the lines of thoroughfare just described, mixing with the 
western traffic, and with it constituting what is denominated the east 
and west traffic, for which it may be said the whole of the lines of 
thoroughfare from Temple-bar to Aldgate Pump are inadequate. 

Until within the last ten or twelve years, Cheapside and the Poultry 
were the only thoroughfares which were generally encumbered; they 
still retain their pre-eminence in this respect, but the whole way from 
Temple-bar to St, Paul's is now uently in little better condition, yet 
Cheapside and the Poultry have a large and special relief afforded 
to them by the widening of Cannon-street and the opening of Cannon- 
stroet West. 

Cannon-street West was opened throughout in 1854. In 1863 it had, 
during twelve hours daily, в traffic of 5200 vehicles, and іп 1865 close 
upon 6000 vehicles. This line of thoroughfare must, therefore, be a 
great relief to Cheapside and the Poultry. 

Now, the railway extensions and the street improvements which have 
before been referred to as having kept down the increase of traffic on 
London-bridge, must also have relieved the east and west lines through 
the City, and therefore many sources of relief have been opened to them 
within the last few years. Nevertheless, in 1865, the vehicular traffic 
had since 1850 (15 years) increased at Temple-bar 54 per cent., at Hol- 
born 32 per cent., and at Aldgate 78 per cant., nor is there апу proba- 
bility thst it will not continue to increase. 

improvements which are needed to meet these exigencies are two 
new broad lines of thoroughfare between the east and west of the City. 

The new street from the Thames Embankment may be considered aa 
one of those lines of thoroughfare, and it will suffice as a relief for the 
western and south-western traffic to a certain point; but the north- 
western traffic will not be affected by it, nor will any of the thorough- 
fares east of the Bank be relieved by it. 
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A New Sraget Negpep.—Complete relief can only be afforded by 
the formation of an additional arterial line of thoroughfare through the 
oT Nothing else will tly relieve Cheapeide, the Poultry, 
and the eastern lines of publio way. The formation of such a street, 
although in itself costly, would render needless many minor improve- 
menta, which otherwise must be carried out; would open up and render 
valuable property in districts now comparatively valueless, afford addi- 
tional facilities for reaching the railway-stations in the City, reduce the 
inconvenience when other thoroughfares are stopped, enable the agency 
of the police in the direction of traffic to be largely dispensed with, and 
would be the best, the most permanent, and certainly, in the long run, 
the cheapest improvement which could be effected. 

Мтнов Sraxers.—Having dealt with the two fundamental wants of 
the City traffic, which are a new bridge and north and south line, and » 
new east and west line, the minor requirements must be referred to. So 
numerous are they, that it is difficult to select the most pressing; for, 
indeed, it may be almost said, there is scarcely a thoroughfare in the 
heart of the City, which might not be widened and improved with both 
local and public advantage. 

Of the subordinate lines lying east and weet, Lower Thames-street is 
gorged for sixteen hours out of the twenty-four, and the same may bs 
said of а large portion of Upper Thames-atreot during some part of the 
day; that line of street aocommodates, however, but its own traffic. The 
Commission has already laid down a line of improvement for it, and is 
graduali widening ita thoroughfare; a new eastern bridge would relieve 

wer Thames-street. 

The remaining through line east and west is that of Long-lane, Barbi- 
can, and Chiswell-street—barely sufficient at present, and yearly becom- 
ing less so; the large influx of traffic to the new market in Smithfield 
will render an improvement more speedily needful, and the whole line 
should therefore be made fifty or sixty feet wide forthwith. 

Turning to collateral streets, such as Chancery-lane, Fetter-lane, the 
Old Bailey, Queen-street, Gresham-street, Houndsditch, and others, 
leading betweeu the main east and west lines; the whole are more or less 
obstructed daily. 

Tho same may be said of that large class in the centre of theCity, 
which lie on both sides of the main line running east and west, such as 
Wood-street, Bread-street, and others. Within the last ten or fifteen 
years, some of these occasionally afforded relief to the main th 
when encumbered with vehicular traffic; but they are now im with 
that which is due alone to the business carried оп in them. Many of 
them are only wide enough for a single carriage, and this alone renders 
them comparatively useless to the general public. 

With to the improvements in these streets, but little need be 
said, за they will, I believe, mostly be admitted as needful, when I 
refer to them—and I shall, therefore, simply place them in their proper 
order, in а subeequent section of the report." 

Tho report then proceeds to treat of the new streets, railways, 
and other public works now in progress and likely to influence 
City traffic. The Thames Embankment and its iii onion 
a new street from Blackfriars-bridge to the Mansion House wi 
ease the traffic of Fleet-street, Ludgate-hill, aud St. Panl's- 
churchyard. Its effect npon Cheapside and the Poultry will be 
lesa decided, and it will tend to throw a large amount of traffic 
into the vortex at the Bank, and in a way that will increase the 
present confusion. The Holborn Valley Improvement will 
provide a level thoroughfare in the place of the dangerous hills 
about which the City authorities were becoming excited so far 
back as the times which preceded the old Reform Bill. The new 
Markets in Smithfield will eventually draw all amaller markets 
of similar character to that spot, and alter the direction of trade 
and traffic. The City Sewers Commission proceeds gradually 
with the ее of narrow ug bese во far aa its powers 
will permit, aud by setting back the frontage of buildings that 
are pulled down for commercial purposes. Newgate-street, 
Upper Thames-street, Great Tower-street, Ludgate-hill, and 
Fenchurch-street are some of the best known instances of works 
now in progress. The new railways will effect the most im 
tant alterations in the direction of City traffic. Of these there 
are eight which propose to open several new stations within the 
City, and considering that the area of the City is less than a mile, 
the possession of thirteen passenger stations, which will exist 
when these lines are completed, will be a great public conve- 
nience. Although several of these stations are rather objec- 
tionably near to each other in Liverpool-street, there will be no 
part of the City more than one third of а mile, and very few 
parts more than a quarter of a mile, from a station. 

“Тһе interoommunication between the lines will enable passengers to 
reach most parts of the Metropolis from any one station; the traine 
will be ка frequent, that no one will think of consulting time са and 
altho e s жау not be great, when compared with average 
railway speed, Pei be double that of ordinary omnibuses within a 
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radins of two or three miles of the City. The consequence will be 
that each station will become the centre which will attract most of the 
passengers within its radius. The approaches to each of those stations 
thoald, therefore, be made adequate, if not already so; but, in most 
cases, the approaches, when АП the stations are opened, will be found 
sufficient, provided adequate main lines of thoroughfare are made 
within the Буу. Therefore, with regard to the authorised and existing 
lines generally, it may be said that they will be of the utmost value to 
the City ; they have already supplied a public want, which must have 
been severely felt, and is manifest from the fact that tbe railway 
atations within the City have from 60.000 to 70,000 passengers daily ; 
but the present convenieuce is but slight, when compared with that 
which will be given when the whole of the lines are complete, and 
every great trunk railway which radiates from the Metropolis haa tbe 
means of bringing passengers into the heart of the City. And it must 
be observed that the railway companies, becoming by experience con- 
vinced that the great want of the Metropolis was communication with 
the City, gradually approached it, and at length projected railways 
within it; and the benefit of those already opened has been во fully 
appreciated, that no company can rest until it has the same facilities to 
offer ita passengers as other linee—it is a necessity which they cannot 
avoid—anod which can never be resiated ultimately. But, nevertheless, 
with all this convenience, and much as it will distribute traffic, the 
formation of new streets, and the widening of others, will undoubtedly 
be necessary. For facility of locomotion stimuiates and augments 
traffic of itself: and thus, without reference to that due to the increase 
jn the metropolitan population, an increased traffic to and from the City 
may be anticipated, whilst the rapid augmontation of the population, 
creating its own business necessities and a corresponding increase in 
traffic, will alse add to this mighty influx to and circulation within 
the City; and it is this increase, never yet sufficiently appreciated, 
for which improvements in the City thoroughfares are still more needed. 

There is some corroboration of this view in the fact, that although so 
much through traffic has been taken away from the City, and at the 
present time the City railway stations have, as before stated, between 
60,00: and 70,000 passengers daily, yet the traffic in the streets has since 
increased, and vaat as the usage of the metropolitan railways generally 
was during last year, yet the London General Omnibus Coupee 
earried 1,357,645 more passengers in 1865 than it did in 1864.” 


The Report then indicates the improvements which seem to 
be demanded to meet existing and probable requirements. These 
are of three kinds, viz, the formation of new lines of thorough- 
fare, the wideniug of existing liues, and improvements of a minor 
character. 

For the relief of London Bridge and its approaches, a new 
bridge over the Thames is recommended This should be to 
the east of the Tower, and would need to be connected Бувайа е 
approaches with the great thoroughfares on the north and south 
of the river. 


“ By these roads an almost direct line would be formed between 
Shoreditch and the Old Kent-road, and the whole of the traffic which 
lies directly to the north-east and south-east of the City would cross 
the river by that road; this would include nearly the whole of the 
heavy dock traffic. There will be no difficulty in forming this bridge 
with good gradients. The cost of this work would doubtless be very 

t, principally on account of the compensation to the wharfingers. 
Fie wharf property would however uot be valueless, even if vacated by 
ita present occupants, and tbe removal of the special trades now carried 
on in the wharves and adjacent premises, even if needful at all, would 
leave room for the expansion of other business for which the site is 
adapted, and this would of course greatly reduce the ultimate cost. 
Billingsgate Market might be traneferred to another site if that were 
found to be needful. and the question is worthy of consideration, 
whether, in the present day, the site for a metropolitan fish-market need 
be on the banks of the river абай! The seagoing steamers would not 
be able to come further up the river than the St. Katherine Docks ; but, 
looking at the facilities which will shortly be afforded by metropolitan 
railroads, the inconvenience to passengers will not be made very great 
by such alteration. I however am quite aware that formidable trade 
interests would have to be disturbed, and that a section of the publio 
must thereby suffer some inconvenience; but sooger or later such dis- 
turbance is inevitable, and after all it resolves itself into a question of 
сипрепваНоп, and nothing more. А bridge might be constructed with 
в central compartment, to open so as to admit the passage of vessels up 
and down the river at certain stages of the tide ; or it might be open to 
tbe public only from 7 in the morning to 7 at night, which are the hours 
wheu the great pressure is felt upon London-bridge. 

А Tunngt,—Another mode would be to construct a tunnel at опе 
of the spots named, but I apprehend that, if really convenient 
approaches were made to it, it would be more costly than a bridge, nor 


could it afford the complete convenience which а bridge would give. 
But the formation either of a bridge which could only riodically 
used, or of a tunnel in lieu of а bridge, can only be ed as half 
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meagures—such as have been too frequently carried out in the Metro- 
polis, and which are unworthy of Ив vast population and of Ия vast 
wealth. 

Steam Ferries might be useful lower down the river, but could hardly 
be used as a means of relief to the traffic of London-bridge. For at the 
spot where a bridge is needful, the river ls во crowded with shipping, 
and with quick-moving steamboats, thst the management of the в. 
pontoons which would be necessary could only be atteuded with тет 
great inconvenience, difficulty, and danger. Steam ferries are, indeed, 
but the expedients of а poor traffic and a small population. 

This subject has been to me a matter of consideration for many years, 
and I am convinced that the construction of a bridge for ordinury сот- 
munication acroas the Thames at or about the spot indicated, will alone 
materially and permanently relieve London-bridge and its approaches 
both north and south, and that sooner or later such a eommunication 
must be given.” 


The relief of the City thoroughfares as respects the east and 
west tratlic is proposed to be effected by means of a new street 
extending from St. Sepulchre’s church, by Newgate, to White- 
chapel. This would go to the north of Guildhall and the Bank, 
aud would be a continuation of the line of Holborn, leading іп 
в straight course to Ше Whitechapel-road. It would also enter 
this road at the point where the Metropolitan Buard of Works 
proposes by ita Bill now in Parliament to make a new street 
to communicate with the Commercial-road. A glance at the 
map will show that this would form a direct route between the 
eastern part of London and the north and weat. 


“It would relieve Cheapside, and thus render any extensive improve- 
ment іп that thoroughfare needless, and that which relieves Cheapside 
will also in а degree relieve Queen-street, Bread-street, Wood-street,, 
and all the collateral streets running north and south from that thorough- 
fare. And although the Poultry should be widened, it would doubtless 
relieve that thoroughfare of а large part of its traffic. It would convert 
the narrow part of London-wall and Wormwood-street (which must 
Otherwise be widened) into а broad thoroughfare, and thus in connexion 
with police regulation it would free Bishopsgate-street Within .and 

le-street of part of the traffic which now encumbers them, 
and would aid in dispersing the e.stern traffic which may arise owing to 
the terminus of the Eastern Counties Railway being brought to Liver- 
pool-street, as it would be but about 110 yards from that street, where 
at a future day there will be the stations or termini of four different 
railways. It would alao relieve Houndsditch, and Aldgate High-street 
by opening up & new thoroughfare between the docks and the ware- 
houses in the neighbourhood of Houndsditch. It would ease the traffic 
to and from all the railway stations lying to the north of it. In respect 
of distance, therefore, the new route would be superior to the existing 
опе; in respect of gradieut it would be as good аа the present route; in 
reapect of line it would be, for all practical purposes, straight; and upon 
the whole, therefore, it would be auperior to the existing line from New- 
gate to Whitechapel; being broader, straighter, and shorter in distance. 
laying out this line of thoroughfare, I tried to avoid public buildings 
ал well as buildings of large commercial importance, but it waa found 
impossible to do во entirely. lts tormation would involve the destruc- 
tion of Christ's Hospital, the Money Order Office in St. Martin’s-le- 
Grand, and several large commercial buildings, and it would cut through 
а large quantity of miserable property at the extreme east of the City." 


Many other improvements are recommended, such as new 
streets from the southern өші of Farringdou-street to Holborn, 
near Hatton-garden, and to the end of Newgate-street. From 
near the western end of Upper Thames-street to Ludgate Hill, 
opposite the Old Bailey, which street should be widened. Many 
other streets are proposed to be widened, and lay-byes or standing 
places for vehicles, to be niade on the sites of disused church- 
yards. Ав to the setting back of projecting buildings which are 
во inconvenient to traffic, we are told that— 

“There is scarcely a street in the City which is not very irregular in 
ite lines of frontage, in most of them also there are projections beyond the 
general line, which are more or less obstructive to the traffic. To 
remedy this, plans to a large scale should at once be made of all such 
streets. Lines of improvement should then be laid down upon them, 
and whenever a building is removed, the new line only should be built 
up to. This system should be adhered to strictly, and the plans be 
worked to without deviation. By such means, in the course of twenty 

with the large changes which must during that period take place 
in the condition of City property, a very appreciable improvement might 
be effected at а comparatively small cost, But to be effectual, I repeat, 
it must be carried out unhesitatingiy." 

In conclusion, Mr. Haywood alludes to other matters bearing 
оп the question of street improvements, and of general interest 
to the inhabitants of the Metropolis, He saya— 


“1 have endeavoured to suggest improvements commensurate, not 
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only with the present wants, but also witb the necessities of a future 
population, as, undoubtedly, a portion of the expense of present improve- 
ments will be cast upon a future generation. To plan and execute 
half measures, or such as are merely palliative, the results of which may 
perhaps be scarcely felt a dozen years henoe, would not be sufficient, 
nor would it be just to those who may hereafter have to pay largely 
for them, and therefore I have suggested improvements of a compre- 
hensive character, and, in two cases, such as will go far to meet the 
requirements of a great augmentation of the metropolitan population; 
and especially in the interest of the futnre population these improve- 
ments should be carried out at once, for fifteen or twenty years hence 
fiey will cont double whai they now would cost, great as the outlay 
might be. 
, Exigencies in respect of highways will soon also arise in parts of the 
Metropolis far off from the City, and the formation of lines of thorough- 
fare leading from the centre of the Metropolis to the country, and of 
those subsidiary lines by which the fast growing suburbs communicate 
with each other, should no longer be left to chance arrangement, or to 
the caprice of individual landowners. And I must again repeat here 
а fact that cannot be too fully impressed upon you, that the population 
of the Metropolis doubles itself in forty years, and that the traffic 
towards the centre appears to increase in в greater ratio; во much во, 
indeed, that I firmly believe that the improvements I have herein 
suggested, large ав they may seem to be, will not be adequate to the 
wants of the City by the time the metropolitan population is doubled. 
In drawing up this report, many incidental subjecta have naturally 
suggested themselves to me, upon which I beg to make a few remarks. 
IVER STEAMBOAT TRAPFIC.— Considering the advantages which the 
river route between the east and west of the Metropolis possesses, in 
respect of celerity of transit, and of attractiveness, it is surprising that 


ne successful effort has yet been made so to regulate the steamboat: 


traffic as to obtain from it the full measure of benefit which it is capable 
of affording. Improvements have certainly been made in the City 
steamboat piers, yet there is scarcely one approach to them that is 
sufficiently publie and sufficiently convenient, and this is the first thing 
in which improvement should be effected. The boats themselves are 
not of the handsome, ¢leanly, and convenient kind which should be 
made compulsory, and which would render them attractive to passengers 
and ап ornament to Ше river, as well as more retaunerative to their 
proprietors than they can be in their present unsatisfactory condition. 
"There is no doubt that if these two conditions were improved, a larger 
steam-boat traffic might be developed, with advantage to the public, 
and benefit to the proprietors. ; 

Ав TO THE FORMATION OF New STRRETS.— The formation of а new 
line of street is frequently opposed by those owning property or busi- 
ness in tbe existing main lines, upon the supposition that the diversion 
of the traffio will be injurious to their interests. Should this even be 
the case, it must, be observed that no individual has a right in the publie 
traffic ; and, moreover, when the traffic reaches such an extent as to 
create public inconvenience and loss, diversion is inevitable, and is 
generally foreseen and calculated upon many years before it takes place. 
In the majority of eases, however, no fear need be entertained of injurious 
consequences, for it is rarely that any street improvement is carried 
out in London, until business is actually suffering for want of such 
improvement; and at the present time the impeded condition of the 
maiu lines of City street, is undoubtedly a hindrance and impediment to 
the business witbin them, and the diversion of some of the traffio could 
not therefore be otherwise than a bemefit to all; for every facility 
of intercourse with the City which is afforded to the metropolitan popula- 
tion. has & tendency to increase the traffic and increase the business. 
And the actual business in the streets so relieved in all probability 
will be greater after the relief, than it is at the present time. 

When new lines of street are planned in the Metropolis, it has fre- 
quently happened that they are spoiled at some point by obstacles 
which should not be allowed to interfere with them; the impediments 
are usually the existence upon the proposed lines of public buildings, 
or the estates of great public bodies, or of men of great parliamentary 
influence, or they are the result of some small economy practised in the 
midst of & large expenditure. Such influences it is believed brought 
the northern end of Regent.street to its ugly junction with Portland- 
place; nearly spoiled the line of the Thames Embankment at its western 
end; now prevents the formation of the very beet line of access from 
Trafalgar-square to that noble thoroughfare, and will leave in the middle 
of the new street from Blackfriars-bridge to the Mangion House, which 
ia to be 70 feet in width, a length of 170 feet with a width of but 50 
feet. In the City, the chief obstacles formerly were the Churches, 
which, being numerous, were in the way of every line of street which 
was projected. In some cases they were removed, as for the formation 
of London-bridge and its approaches, aud the streets in the vicinity of 
the Bank of England, and the result was that yood satisfactory lines of 
thoroughfare were formed. But where they were allowed to remaiu, 
and the streets were planned so as to avoid touching them, the thorough- 
fares have been utterly spoiled, of which an канаа А is Gresham-street. 
The churches are still almost Ав numerons as ever, and are so situated 
that in every direction they prevent local improvernent, and it is almost 
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impossible to plan a new street or to improve an existing one so as to 
avoid them. But бог a large and important improvement there would 
be perhaps less difficulty in effecting their removal than formerly was 
the case, for it has been shown that the residential population is decreas- 
ing, and the congregations in most of them will become less and less; 
and therefore new lines of thoroughfare in the City should not in the 
present day be injured for fear of interference with churches. Never- 
theless, in laying down the line of the new east and west street, I have 
carefully avoided churches; but must again state that it would be very 
advantageous if four, which are immediately upon the line, were 
removed. 

Росе RzauLATIONS тн Respror ОҒ Trarric.—tIn all the 
capitals of Europe there are regulations for the guidance of traffic. In 
our own country they have hitherto been but slight, and it may be said, 
that when such strict police regulations are needed here that the free 
selection of route is denied to the driver of a vehicle, it is in iteelf а 
proof that the thoroughfares are inadequate. The enforcement of such 
regulations is always difficult, and is mach resented by the public; it 
requires also the special attention of a police foroe, and is therefore 
expensive. It usually also implies a condition of traffic which is emi- 
nently destructive to the pavementa, and therefore expensive ; it involves 
the more frequent relaying and stopping up of the streets, and thus 
periodically increases the public inconvenience, and it moreover hinders 
effective surface cleansing. Thus inadequate thoroughfares are not only 
inconvenient, but are expensive to the public—lead to police regulations, 
which impede the free and natural course of the traffic and business of 
а commmunity, and are repugnant to the spirit of the age. І, however, 
anticipate that рое ha grate more stringent than those now en- 
foi must be exerci in the Metropolis; but it is wisdom to make 
such improvements in the streets as diminish as far aa possible the 
necessity for police interference.” 

. These are the views of the engineer to the City Sewers Com- 
mission, as to the state of the City streets, and the needful 
remedies. That these will be costly he clearly seea, bat though 
he does not take the responsibility of indicating the source from 
whence the funds are to be derived, he refuses to believe that the 
wealth of the City сап be very greivously burdened by the cost 
of works, which its unprecedented and still increasing prosperity 
have rendered needful. He sees, moreover, that the cost wi 
rapidly be increased if action be delayed, and looking to the rapid 
шаппег4п which the reconstruction of tbe city by the rebuilding 
of its business premises is progressing, it does seem not only that 
a waste of money, but a great and needless waste of thought and 
labour, will be caused if the execution of such works as are 
necat is delayed until the ground has been covered with new 
aud costly buildings, when important businesses, scarcely settled, 
will have to be broken np or driven away. 


------ 


ON ARCHED ROOFS.* 
Вт C. Vow Wessexy. 
( With Engravings ). 
AMSTERDAM CRYSTAL Рагаск Roor. 


The area covered by this roof is 130 ft. 88 іп. long, and 64 ft. 
Ijin. wide, on each side of an oval dome—the entire length of 
the nave being 329 ft. lin. Тһе roof is supported on each side 
of this dome by seven pairs of ribs, 2 ft. 1 3-16 in. apart, leaving 
а clear space between them of 19 ft. 8 in. The ribs of principals 
are true arches Тһе intrados and extrados are concentric 
curves, being struck from the same centre with a radius of 31 ft. 
біп. and 33ft Ц ш. They were во constructed that in being 
fixed they were made to spring 28 inches outwards, making the 
distance from centre of building to face of column 31 ft. 7 5-16 
inches. They each consist of a top and bottom flange of one Т 
iron, 43 inches X 14 inch x 5-16 inch x 8 inch, and a plate 
42 inche wide 5-16 inch thick, rivetted to it by 7-16 rivets of 
about 4 inch pitclt. These two flanges are connected by two web 
plates, No. 9 Вис, 1 fl. біп. wide, опе оп each side of the Т 
irons rivetted to them also with 7-16 inch rivets. Тһе entire 
available sectional area of this rib is 10:66 square inches, The 
web platea are joined alternately in lengths of about 23 ft. 4 in. 
by oue § joint plate placed between the two web plates. It is 
4 inches wide, and for the sake of architectural appearance 
rivetted to them with 7-16 inch flush rivets. 

The rib is divided on Ив outer side, between a point 10 ft. 2 in. 
above the springing line, and its centre, into seven equal parts. 


* Concluded from р. 110. 
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CRYSTAL PALACE, SYDENHAM. 


Roof of Centre Transept. 
Span 120 Feet. 
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The pains are carried by it in these intervals. They consist of 
simple уч irons. 6 inch x 3 inch x § inch with an available 
sectional aréa of 1:08 eqnare inches in the top and bottom flanges. 
They are joined іп Jengths of 21 ft. 9 7-16 іп, between each 
pair of main ribs by two joint plates 204 inches long, 51 inches 
wide, and 8 inch thick, and twelve § inch rivets. These purlius 
earry the W. I. skylight bars, one length of the former divided 
into twenty spaces gives the distance vf each skylight bar about 
18 inches pitch. The skylight bars are fixed to purlins by L 
iron bracketa 14 inch x 1 inch x | inch—3 inches long. The 

тіпа are fixed to main and intermudliate ribs by two L iron 

ckets 3 inches x 3 inches X# inch, 4 inches long, with four 4 inch 

belts, with two 4 inch washers, and two # inch rivets. Between 
each pair of main riba are two intermediate ones. They have 
the ваше extradna as main ribs, bat are only 10 inches deep. 
They consist of a top and bottom flange of опе T iron 38 inch 
X 18 inch X 5-16 inch x # inch, connected by two web plates, 
like those in main ribs, No. 9, B.W.G., rivetted to them with 
7-16 inch rivets of about 4 inch pitch. The web plates are соп- 
nected in length of about 238. біп. by опе joint plate placed 
bétween. them, 8 inch thick, 4 inches wide, and six 7-16 inch 
countersunk rivets. Тһе entire available sectional area of 
this rib is 7:11 square inches. — Eneh of the ribs is supported by 
one column, бо that the upper half of it ia widened out to a sort 
of bracket, at a height of 11 ft. 7. above its springing line. 
This bracket is strengthened by 8 inch plates placed between the 
two web plates, and two £ irons 4 inches X 4 inches X $ inch 
rivetted to each side of webs, and tòa base plate # inch thick, 
which is bolted to top of eolumn with five 1 inch bolts, 

The intermediate ribs are supported at their ends by & timber 
beam. The inner T irons are bent round, and the flange of the 
upper one, and both are rivetted to # inch base plate with eight 
7-16 inch rivets, which plate is screwed to timber with three 
B inch coach screws. Each of the main and intermediate ribs 
carry in centre a triangular frame of cast-iron, with ornamental 
filling in, bolted to them by $ inch bolts 2 feet pitch. It is in 
centre 1 ft. 7 in. high, and extends on each side about 5 feet over 
ribs, and supports, іп the middle, the cast-iron ventilator. THe 
ventilator is formed by two ridge purlins of a proper cross section, 
covered by a small ridge roof. It consists of a simple plate of 
а тегу fiat angle, with proper water-tight joints and a pocket for 
fixing ridge ornament along the roof. 5 

The weights of this structure are as follows: Main rib, 1 ton 
10} cwt, intermediate rib, 13 cwt., purlins for one bay, 1 ton 
17 cwt., skylight bars for one bay, | ton 18 cwt. 2 qrs. 11 Ib. 
Total weight of wrought and cast iron іш one Бау of гоой 9 tons 
15 ewt. The appearance of all the columus from inside the 
building is similar. The first tier columns support the gallery 
girders, and form аһ ornamental framework with brackets at 
joint with colamn. The columns rest on а stone foundation. — 

Although this structure forms a sort of stiff frame for resist- 
ing the horizontal thrust of principal, still a strong wood 
structure is made of the roof of the gallery acting along the 
whole nave as a horizontal girder of great resistance against side 


pressure. 
"Рворовко Roor or тик St. Pancras Station, MIDLAND 


RAILWAY. 


Althongh the particulars of this roof have been already pnb- 
lished it was still thought advisable to repeat them here again 
for the sake of comparison. The area covered by this roof 
16 690 feet by 240 feet. The шаш ribs are 29 ft. 4 in. centre 
to centre, and have three intermediate ribs between them 
at equal distances apart, carried at every 18 ft. біп. by trussed 
purlins between the maim ribs. The form of the ribs is entirely 
novel. They spring diréetly from the ground, and are firmly 
connected to massive brick pters below floor level. The curve of 
the riba is of two radii of 160 feet and 57 feet, meeting at an 
ап е in the centre 100 feet above the level of rails. Тһе ribs 
are 6 feet deep, and formed with open box flanges 104 inches 
deep; the flanges being braced together by diagonal channel irons 
and rhdial struts forming the ends of the purlins. The feet or 
springing of the ribs, to a height of about 25 feet froin platform 
level, are constrneted of plates aud angle irons rivetted together, 
The intermediate ribs are 104 inches deep, and will he made 
most probably of angle irons braced with diagonal bars. The 
ро па are braced beams 18 ft.6 іп. apart. They are во con- 
structed that they stiffen the main ribs laterally. The bracing 
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i$ so arranged as to carry the propér proportion of each of the 
three intermediate ribs, besides assisting to keep the bottom 
flanges of the main ribs in place. The whole of the roof is 
braced horizontally, to resist any strains that may be caused by 
the pressure of the wiud either on the gahle or on the side. 

Ventilation will be amply provided for by open spaces in the 
skylights, along the whole length of the ridges, and also along 
the eaves where the glass overhangs the gutters. The lower 
sides of the roof are to be covered with glass ridge-and-furrow 
skylight, at right angles to the ridge, 152 feet wide, extending 
nearly the entire leugth of the roof, there will be а gangway 
at the foot of each skylight along the whole length of roof, and 
each gutter of skylight will have a snow grating along ita whole 
length, with cross stripes to enable the workmen to repair and 
paint any portion of the skylight. Тһе horizontal thrust is 
partly taken by the heavy brick piers, which act as abutmenta, 
and partly by a wrought-iron tie running below level of rails 
across the platform, forming one of the wrought-iron girders sup- 
porting the latter one. 

Referring to the various roofs described, we find that in the 
Dublín Crystal Palace Roof, with a clear span of 49 feet, one 
square of area covered with glass requires 94 cwt. of wrought 
and castiron. The smaller roof of the Crystal Palace, with a 
clear span of 56 feet, a square of covered area with glass requires 
13 ewt. of wrought and cast iron. The Derby Market Hall roof, 
of 81 ft. 510. clear spau, one square covered over partly with 
slates and partly with glass, requires 15 cwt. of wrought and 
cast iron. In the large roof of the Crystal Palace, which has a 
span of 104 feet, a square covered with glass requires 12} cwt, 
of wrought and cast iron. In the Amsterdam Crystal Palace. 
Roof, which has a clear spun of 63 ft. 28 in., ап area of one square 
covered with glass requires 15 cwt. of wrought and cast iron; 
and, lastly, in the Midland Roof, of 240 feet span, one square of 
area, covered partly with glass and partly with slate, requires 
17 cwt. of wrought and cast iron. 

Iu each of th» buildings covered by these roofs we find a new 
principle employed in the construction of ribs and in the ar- 
rangements for taking the horizontal thrnst. . 

In erecting true arched ribs, it will be often the case that the 
feet of them must he made to spring out a little to fit the sup- 
porting structure; but it must be considered then, on the other 
hand. that in all cases the flanges are constructed stronger than 
minute calculation would require, and so the pressure may be 
increased a little in thé top flange at or near centre, getting 
lessened at the same time in the bottom one, and that without 
any bad effect upon the structure itself. The Amsterdam ribs 
were, in fact, manufactured во as to spring out in erection 
98 inches, as already mentioued in the description. 

The most rigid of the various roofs treated of, no doubt will be 
the Midland Hoof, as the stability or rigidity of an arched roof in- 
creases with its size, the same, for instance, ав in bridges. The 
great weight, therefore, of the Midland Roof is а guarautee for 
its stability. This із shown to a certain extent by constructing 
the curves of equilibrium for the equal load and the uneqnal 
moving load, the vertex in the latter case not moving as much 
a8 n would in the case of a smaller, and consequently lighter, 
roof. 

No apparent provision has been made in any of these roofs for 
expansion of the structure by temperature, as is commonly done 
in large roofs where trussed principals are employed. Ак the 
abutments are not allowed to give way, the ribs will simply rise 
and fall at the crown like the iron arch of a bridge. 


----- 


THE LATE GEORGE RENNIE, F.R.S, С.Е, бе, бс. 


Ir ів our painful duty this mouth to record the decense of the 
above named eminent engineer. Mr. Reunie had been compa- 
ratively an invalid for some years prior to his death, which eveut 
took place on Good Friday last, March 30th, at his residence іп 
Wilton-crescent, London. It would be difficult, if not impossible, 
to mention a name connected with the civil and mechanical engi- 
neering professions of this country more distinguished than that 
of Rennie. Monuments exist on all hands which will testify to 
posterity of the indomitable industry and the genius of the 
founder of the house—John Rennie— whilst his descendants have 
proved themselves worthy of their sire, and achieved also an 
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enduring reputation. Our present object however із not to trace 
out and chronicle the numerous works which made the life of the 
first Rennie remarkable, bnt to indicate rather some of those 
which have tended to make famous that of his eldest son—the 
subject of the present memoir. 

George Rennie was born at the village of Christchurch, in 
Surrey, on the 3rd of December, 1791. His father had then been 
established as an engiueer in the Metropolis for about seven 

ears, and in frieudly union with Messrs. Boulton and Watt, who 
early discovered his great ability, he had achieved conaide- 
rable fume, The education of young Reunie was commenced at 
the classical school of Dr. Greenlaw at Isleworth, and continued 
at St. Paal’sschool, London. At the age of sixteeu years he шау 
be said to have received his first lessons in engineering, for he 
then accompanied his father in one of his annual professional 
tours through England, [reland, and Scotland. The advantage 
of this first insight into the mode of conducting works such as 
those under the management of the elder Rennie was great, but 
it was supplemented by introductions to men of eminence— 
scientific, scholastic, and practical; and it is known that the 
journey was productive in all ways of excellent results to the 
youth. 

Soon after this memorable tour it wae determined that George 
Rennie should be eutered as a student at the College of Ediu- 
burgh, and this was speedily accomplished. The Rev. Dr. 
Roberts was hia first tutor iu the Scottish capital, and with that 
ран he remained for two years, having also the privilege of 

aily communication with Protessor Dunbar, and Dr. Henery, 
the celebrated chemist of Manchester. At the end of the period 
named the embryo engiueer was transferred to the charge of 
Professor Johu Playfair, in whose house he resided for other two 
years, and under whose guidauce he profited greatly. Professor 
Playfair was admirably qualified to be the guide and friend of 
youth, and in the present instance he fouud ап apt and intelligent 
pupil. The latter was most assiduous in the pursuit of informa- 
tion, whilst the former possessed in a remarkable deyree the 
valuable faenlty of pleasantly imparting it. During the time 
that young Rennie was thus happily situated he attended classes 
for the study of all those branches of knowledge an acquaintauce- 
ahip with which was considered likely to be of most value to him 
in the future, mathematics, natural and moral philosophy, Greek 
and Latin, chemistry, &c. 

By the year 1811, it was considered that he had acquired 
sufficient book knowledge to fit him for more practical labours, 
and he theu returned to London. Iu the drawing office, and 
the workshops of his father's establishment at Blackfriars, 
we next find the subject of this notice. In both departments 
his diligence, talent, and amiability of disposition were conspicu- 
ously displayed. He is reported to have made at thisearly period 
of his life the working drawings for а small steam engine, and 
afterwards to have fitted up the engine unaided by other 
assistance. Unhappily, this specimen of his youthful ability 
aud perseverance was вое many years afterwards, іп а fire 
which occurred at the manufactory of Geos and Sir John Rennie, 
in Holland-street. 

In 1818, һе was appointed Inspector of Machinery, and Clerk 
of the Irons (dies) at the Royal Mint, London, in succession to 
Mr. James Lawson, deceased. Тһе office demanded that its pos- 
sessor should have a practical knowledge of machinery, and of 
the character of steel, and was otherwise of an arduous nature. 
The appointment, on the strong recommendation of Sir Joseph 
Bauks aud James Watt, was confirmed by the Treasury, and 
for eight years subsequently Mr. George Rennie was a Govern- 
ment Officer. It does not appear that the occupation was a 
congenial one, for in the year 1824 he resigned the appointment, 
and returned to his old quarters at Blackfriars. During what 
тау be termed the official portiou of his career, it was the mis- 
fortune of Mr. George Rennie to lose the counsels of his father. 
In 1821, and iu the 60th year of his age, John Rennie died, and 
then it was that a partnership was entered into between the two 
sons, George and Jobn (now Sir John): possibly too his 
father's death, may have conduced to the abandonment by the 
former of his post in the Mint Very speedily the heads of the 
new firm imported a considerable amount of energy into the 
eonduot of the business which had thus been committed to their 
charge. Their father had left many designe for projected archi- 
tectural aud engineering works, and conspicuonsly xmong these 
were the bridges of London, Southwark, Staines, and that for 
spanning the serpentine in Hyde Park. All these were after- 
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wards realised by the younger Rennies, as well as magy other 
structures of a similar but Jess important character in various 
parts of the kingdom. They took care to associate with them- 
selves talented assistants to conduct, and skilful workmen to 
execute the various undertakings for which they were reaponaible 
and hence another source of the invariable воссева which atten 
their labours. 

Іп the construction of the vast Docks of London, Leith, Sheer- 
ness, Dublin, Deptford, Chatham, Woolwich, and Pembroke, and 
in the formation of the harbours of Plymonth, Howth, Kingstown, 
Portpatrick, Ramsgate, and Whitehaven, they earned great 
fame. The Plymouth Breakwater, and the nificent Victual- 
ling establishments at Gosport, Plymouth, and Deptford, are also. 
among the works demanding honourable mention. 

The drainage of the fens of Lincolnshire, Cambridgeshire, 
Bedfordshire, and Norfolk, though less prominent as engineering 
works than those referred to, were productive of great advantage, 
and the resulta attest the skill and energy of the Rennies. 

In the department of Civil eugineering the late George 
Rennie distinguished himself greatly. To him was entrusted 
the first survey of the present Liverpool and Manchester railway. 
He had prepared himself for it, by numerous investigations 
into the working of the railways in the northern and western 
parts of the kingdom, and notably of that between Stockton 
and Darlington. Іп the years 1825-28, he had also made 4 
vast number of experiments on the gliding and rolling friction 
of metals and other substances.* Briefly it may be said that 
the act for constructing the “ line of the Liverpool апі Manches- 
ter railway, аз laid out under the direction of Messrs. George and 
John Rennie,” was carried through Parliament in the year 1826. 

Mr. George Rennie also made the survey of the London and 
Birmingham, the Great Northern, and many other accomplished or 
pied English railways; the Namur and Liége aud the Mons 
and Manege lines in Belgium were surveyed and partially con- 
structed by him, and the remarkably beautiful stone bridge 
spanning theriver Meuse, and consisting of five segmental arches, 
was designed by the same gentleman. The present bridge at 
Chester, originally desigued by the late Mr. Harrison, was com- 
pleted by Mr. Rennie, who exhibited great ability in the con- 
struction of the centreing employed in its construction. It was. 
the fortune of Mr. Reunie to be frequently called ороп by 
foreign governments to construct machinery for almost every 
conceivable purpose. We can scarcely enumerate the number of 
mints which owe their existence to his mechanical skill. Those 
of Calcutta, Bombay, Lisbon, Mexico, Peru, and France may be 
cited. In the formation of the machinery for these he fonnd the 
kuowledge of coining, which he had acquired in the Royal Mint, 
of great service, and in compauy, as his father was of old, with 
the firm of Мезягя. Boulton and Watt, he has certainly rendered 
the places named famous for their money manufactories. 

Ав а complete and perfect specimen of mechanical work, for а 
totally different purpose, the Turkish Small Arms Factory, 
Situated on the Sweet Waters, near Constantinople, may be 
referred to. It was designed by Mr. Rennie, for the manufacture 
of 100,000 muskete per annum, and comprises the whole of the 
appliances necessary for forging, rolling, rough and fine boring, 
adjusting, and proving the barrels, the forging aud filtiug of the 
different parts of the locks; cutting and shaping the stocka, &c. 
Dnriug the progress of the Crimean war the establishment was 
iu full work, and produced the maximum number of muskets for 
which it was originally designed, it thus proved of great service 
to the Turkish Government. Similar machinery was afterwards 
completed for the arsenals of France, at Chatelbeaux, Toulon, and 
Rochfort. By the Russian government Mr. Rennie was highly 
esteemed and constantly employed. He constructed for it, 
numerons mechanical appliances for every variety of purpose. 
They included coining, biscuit, and block-making machinery, 
dredging barges, &c. Several steam frigates of great power 
were also furnished to Russia. These comprised the “Smale” 
of 400 horsepower; the celebrated “ Wladimar,” also of 400 
horsepower, and which was employed at Sebastopol duriag the 
siege of that gigantic fortress and stronghold. The latter was 
indeed the firat screw steam-ship introduced into the Russian 
service, and she was followed by the “ Peterhof” and “ Alex- 
andria,” used as yachts by the Inte Emperor Nicholas. Other 
steam ships of lesser note were fitted out for service іп tha Black 
and Caspian seas. Mr. G. Rennie designed the Great Steam 
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Pactory at Cronstadt, and one on a reduced scale at Astracan. 
The large dock А жүз of Sebastopol, ten pairs іп number, owed 
their existence to the same source. 

For Her Hajesty’s Navy the Messrs. Rennie constructed many 
marine engines, and among them those for the * Sampson,” 
* Bulldog,” * Vulcan,” “ Megora," “ Reynard,” “Cruiser,” *Obe- 
ron," «с. When these and other works of a similar nature were 
completed, Sir John Rennie quitted the firm, and Mr. George 
Rennie formed a partnership with his two sons. The new firm, 
it may be mentioned, have since designed and constructed marine 
engines for the Peninsular and Oriental, the French and Sardi- 
nian, Transatlantic and other companies, besides greatly extending 
the general mechanical department of the establishment. 

Mr. George Rennie was elected a Fellow of the Royal Society 
in 1832, and he snbsequently held the offices of treasurer and vice- 

ident for more than five years. He was also а fellow, or mem- 

r of the Astronomical, Geological, Civil Eugineers, and Philo- 
sophical societies, and an honorary member of the Royal 
Academies of Dublin, Turin, and Rotterdam. He served in the 
Royal Commission for investigating and experimenting npon the 
strength of iron, and, jointly with Mr. Hodgkinson, conducted a 
series of exhaustive experiments elucidatory of the snbject. The 
results of this inquiry have since proved of great value to the 

ractical engineers and architects of this and other countries. 

r. Rennie was one of the jurors named by the Government for 
the Crystal Palace of 1851, and was also appointed to a similar 
office at the Paris Exposition of 1855. 

Не was chosen as Referee by the House of Commons at a later 

iod, relative to the printing of their proceedings. Many 
valuable papers were contributed by him to the Royal Society, 
and they are permanently preserved in its volumes of “ Transac- 
tions.” Some of these may here be enumerated, as their titles 
will serve to show the wide range of subjects he had considered 
and the versatility of his talent. Among them were treatises on 
“The Strength of Materials,” the “Friction and Resistance of 
Fluida,” the “ London, Metropolitan, aud other Bridges;” on the 
“History and Present State of Hydraulics,” and on the 


* Advancement of Science.” The general literary works of Mr. 4 


Bennie include volumes or pamphlets on “ the Heat produced by 

itating Water," on * the Resistance of Screw Propellers when 
driven at. High Velocities and at Different Depths.”* On the 
“ Expansion of Arches of Stone and Iron;” on the “Aqueduct 
Bridge of Roque Favore,” Фе. He brought out а new edition of 
Tredgold on the Steam Engine, and enriched it with con- 
siderable additional matter culled from his own experience. 
The same may be said of Buchanan's admirable treatise on 
mill-work and machinery, which he re-edited and supplemented 
by an extensive and entirely new series of chapters on tools. 

In the year 1857, Mr. Rennie designed a plan of a breakwater 
for improving the port and harbour of Liverpool. It was in- 
tended that this work should project from the Black Rock point; 
at the щош of the Mersey, on the Cheshire shore, and advance 
ina lind nearly parallel to the Lancashire shore, to a distance of 
three miles, where it should terminate by a lighthouse. Among 
the advantages which Mr. Rennie calculated would arise from 
the existence of such a structure here, the prevention of many 
shipwrecks, and of the loss of many lives annually ; the recla- 
mation of forty thousand acres of sand-banks; and the reduction 
to a minimum of the great expenses now incurred in maintaining 
the lights, huoys, steam tugs, dredgera, &c., employed in pre- 
serving the direction and depth of the sea channels, and which 
heavily tax the forty thousaud ships and four millions of tons 
ane by them annually. This gigantic proposition was not 
realised, but undoubtedly honour is due to Mr. Rennie for 
making it: some day we may witness its resuscitation and pos- 
aibly its acomplishment. 

г, Rennie's reports on civi] engineering works are numerous 
and we hope that they will be eventually collected and printed, 
as they deserve to be. 

We have thus endeavoured to enumerate some of the principal 
works in which Mr. George Rennie was en d; but his history 
will remain to be written at a peer eee period. During a lon 
life he was constantly engaged in the promotion of mechani 


* It is ргерег to mention in connection with this part of our subject that to Мг, 
Rennie’s exertions after Ма construction of the well-known steam-vessel the Archi- 
medes, is dae, largely, the introduction of screw propulsion into the Royal Navy. 
Mr. Rennie was а strenuous advocate of the ecrew when many 
Beers to entertain the idea of employing it at all, and when Мг. Ӯ. Р. 
ке other ingenious шер, stood in need of supporters, 
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and engineering science, and in the realisation of designs having 
for their object the material and moral welfare of mankind. His 
mind was never idle, and in this respect especially his example 
may be cited for the advantage of others who desire to ascend 
the pathway leading to the Temple of Fame. Those who were 
most intimately associatel with Mr. Rennie best know of his 
high moral characteristics, 

The funeral of Mr. George Rennie took place in the pretty 
churchyard of Holmwood, near Dorking, Surrey, on the 6th ult, 
just a week after his death; it was conducted in that unosten- 
tations manner which was consonant with his character, and 
befitting the lust scene of all in the career of a great and a good 
man. 

Jf it be not finally determined to remove his ashes from their 
pe resting-place, and to depoait them beside those of his 
ather in the vaults of St. Paul's Cathedral, we would suggest 
that а monurment be erected over Mr. Rennie’s grave at Holm- 
wood, and that the necessary funds for the purpoae be furnished 
by subscription among the host of friends and admirers who 
sincerely mourn his losa. 


——— —il— ——— 


FORMUL FOR OBTAINING THE STRAINS ON THE 
SEVERAL PARTS OF GIRDERS AND ROOFS. 


By Aurrep А. Глкоъкт, С.Е. 


Ler any triangular combination of bars, sach аз is shown in 
the annexed figure, be loaded with weights « ж, w, &c., at the 
point of junctiou of the intermediate and upper bars Find the 
weight or reaction at the support А, owing to these weights, 
which call В. Let 8 equal the strain on any of the lower bara in 


the direction of its length, which strain we shall now proceed to 
find on the bar FG. Draw the line HD perpendicular to FG, 
and through the point D. Let the sum of the weights between 
D and the support А be called Ӯ, and let the horizontal distance 
of ita centre of gravity from D be called g, also let d equal the 
horizontal distance betweeu А and D. Then taking the moments 
about the point D we have 


d 
DH 

By the above process the strains on each of the lower and 
upper bars шау; Бе obtained; the upper bars will be in compres- 
sion, and the lower ones will be subject to a tensile strain. 

Intermediate Bare—There are four bars meeting at each of the 
points Е,Е,С, &., their directions are known, and after obtaining 
the strains on the two lower bars by the preceding formula, the 
forces acting on the remaining two intermediate bars can be cal- 
culated by preperly resolving the forces so that they may be in 
equilibrium. 

The forces can readily be arrived at by construction as follows:— 
Let the inclination of the four bars meeting in Е be shown in 
Fig. 2 by the lines EF, CF, DF, and GF. On the lower 
bara set off distances, FJ and ЕК, representing the strains on 
these bars. Produce the liue of the bar on which there ia the 


В = Е 


greatest strain, which we will suppose to be ЈЕ, draw а Ппе from 
К perpendicular to EF, and intersecting it т L Set off 
JN = FI. Draw LS through the point N, perpendicular to JF, 
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and draw а line parallel to EI from К, intersecting LS іп Т; 
then will TF be the resultant of the forces acting on the iuter- 
mediate bars; from T draw lines parallel to FD and FC, inter- 
secting them in O and V, then will FO and FV represent the 
strains on ЕС and FD respectively. When T Цев between the 
intermediate bara they will both be in compression, and when 
between the lines of the intermediate bars produced below F, 
both in tension; but if the resultant is not in either position, 
then the bar nearest T will be in compression, and the other in 
tension. Let the strain on EF and ЕК = H and h respectively; 
Мао let the angles CFE, CFD, and DFG = а, В, and ф respec- 
tively, aud the required strain on СЕ--ғ and on DF—y; we сап 
then at ouce write down 


gag et pee 

= sing — вір В 

= в10($--8) віпа 

y=ER sin 8 +H 428 
—————.9——————— . 


BELFAST WESLEYAN COLLEGE. 


Tue foundation stone of this college was laid in the autumn 
oflast year. The building, which has now made considerable 
progress, will һе in the Gothic style, of the usual academic type 
—the details Early English in character. It comprises а longi- 
tudinal main building, 190 ft. long, with two transverse wings, 
each 130 ft. in length, projecting both to front and rear. In the 
centre a massive tower projecta boldly from the main building. 
А plateau or terrace in front will be laid out in ornamental beds 
and walks. There isalso a central rear building, containing the 
refectory, kitchen, laundry, and offices. The college is to serve 
for two distinct purposes, namely, a theological college and a 
preparatory school. The left side of the building is devoted to 
the collegiate department, the right to the school, the depart- 
ments common to both occupying the centre. 

The prinvipal entrance o the presideut’s house occupy the 
cantre of the front ; the theological tutor, on the left, and the 
head-master, on the right, have their residences in the main 
building, each haviug a separate entrance. At one side of the 
principal entrance are the waiting-room and board-room; and at 
the other the president's hall and staircase, also his study and 
dressing-room. The rest of the president's, tutors’, and head- 
master’s apartments are in the basement and on the first-floor of 
the front building. Each house is perfectly distinct and self- 
contained. Behind the entrance-hall a corridor or cloister leads 
right and left to the school-room and lecture-hall, which form the 
front projecting wing, each about 55 ft. by 27 ft. in the clear. 
The lecture-hall has a partially open roof, with semicircular ribs 
to the principals, and ornamental pierced boarding filling the 
spandrela: The school-room is 20 ft. high, and has a dormitory 
over. 

The total number of students to be accommodated із 90; of 
boarders, 80 ; and of day pupils, a little over 100. А separate 
entrance is provided for the students, and one for the boys, in 
their relative staircase towers, These latter form a good feature 
in the designs. То the lecture-hall a distinct entrance ів pro- 
vided for ihe mission of the public, on the occasion of lectures, 
distribution of prizes, &c. 

The rear projecting wings contain the class-rooms and thé 
library of each department, with dormitories over. Тһе rear 
central building is connected with the main building by a cen- 
tral staircase, with two side passazes to the dining-room, which 
measures 50 feet, by 25 feet in the clear, and has an open roof 
In one corner is a recess containing a lift communicating with 
the kitchen, which is inimediatedly beneath. To the rear of the 
dining-hall are placed the butlers pantry, matron's rooms, 
stores, &c., with a back entrance. The main kitchen, sculleries, 
servants! rooms, and minor offices, are in the basement. The 
rear projecting wings are so planned as to be capable of further 
extenaion. 

Extending over the residences, the students’ bedrooms occupy 
а portion of the second-floor of the front, a separate room being 
given to each. Large dormitories, extending over residences 
and schoolroom, are provided for the b in some of which 
the system of division into cubicles is adopted. Separate bed- 
rooms for the under-masters are placed in immediate connection 
with the boys dormitories, . Water-closets, lavatories, and bath- 
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rooms, in proportion to the number to be acconrmodated, are 
provided in suitable places. 

At the lateral entrances, stone staircases in the side towers 
give access to the upper floor. The first-floor of the building, at 
the rear of the dining-hall, at one side contains ап hospital; at the 
other, apartments for the matron and female servants, each side 
approached by a separate staircase. The building is intended to 
be of Belfast red brick, with dressings of freestone from Glas- 
gow; the rubble walling in the basement is of the freestone of 
the locality. 

It is inteuded for the present to omit a portion of the wings. 
The cost of the building, as now contracted for, will be £11,000. 
The architect whose design, selected in a limited competition, is 
being carried out, is Mr. William Fogerty, of Dublin. The 
builder is Mr. James Henry, of Belfast. 


—- —f,———— 


Tpewich New Town Hall—The foundation stone of this 
building has at last been laid. The works are being carried 
out under the direction of Messrs. Bellamy and Hardy, archi- 
tects, the contract amounting to £11,750, being taken by Mr. E. 
Gibbons, of Ipswich, and the masonry is being executed by Mr. 
R. Ireland, of Ipswich. Mr, W. P. Ribbans, the borongh sur- 
veyor, and Mr. E. Catchpole, act as clerks of the works. The 
building has now во far progressed as to be in some places con- 
siderably above the level of the ground. "The style 18 Venetian. 
The principal front towards thip Cornhill is divided into centre 
and side wings. The centre is composed of three canopied 
openings surmounted by a tower and clock turret, with illumi- 
nated dials. Balconies are provided іп the first or principal 
story, from which public meetings held on the Cornhill may be 
addressed. The wings on either sides are divided by vermi- 
culated pilasters, forming arched and deeply recessed bays for 
windows. Red Mansfield stone will be used for the plinth of 
the baiiding, and the columns and the pilasters throughoat. 
The grand staircase will also be of red Mansfield stone. The 
height of the building from the ground to the top of the 
balustrade will be 66 feet, and to the top of the tower will be 
100 feet. 

Statue of James Watt—A statue of Watt is about to be erected. 
in Birmingham. It will be in marble, and 8 feet high. Mr. А. 
Munro is the sculptor. d 

New Dock Works, Sunderland.—The bridge acrosa the junction 
entrance, being the first portion of the work in connection with 
the new Hiudon Dock, was opened on the 25th ult., by the 
chairman of the Commissioners of the River Wear. The bridge, 
which is of iron, is lifted off its supports by means of a hydraulic 
press, it works опа water centre beneath the pivot of the bridge, 
after being lifted about 2 inches, it is awung round by meana 
of handles attached to each wheel work. The total weight 
is about 100 tons, its length 110 feet, span 60 feet, its breadth 
12 feet 6 inches, depth of outaide girders in centre 5 The 
bridge on being swung round worked admirably.” These 
dock works, which have progressed most favourably since 
commencement, two years ago, are expected to be ready for 
opening throughout on the Ist October next. They are from the 
designs and under the direction of Thomas Meik, the Commis- 
sioners’ engineer ; Messrs. Sir W. Armstrong and Co., Newcastle, 
being the contractors for the machinery. 


А пеш Church at Fawley, Oxon, was consecrated on the 12th 
ult. The style of building is early шедивуа!, and it consists of 
nave, aisles, chancel, and circular apse. The roof of the chancel 
is composed of groined stone. The roof of the charch is open’ 
timbered, and the walls are of stone from Bisley-common, near 
Cirencester, hammer dressed. The pillars are of highly-polished 
Devonshire marble, with carved Bath stone capitals. The гегё ов 
is by Earp, of Lambeth, from a design by Mr. С. Е. Street, the 
architect ; it cousists of three compartments, the centre panel 
containing the Crucifixion, and filled in with mosaics. The font 
ia of Bath stone richly carved, and the pulpit of the same kind 
of marble as the pillars, The floor is laid with encaustic tiles by 
Godwin. The seats are open and of carved oak, and offer 
accommodation for about 200. On the north side of the chancel 
stands the organ, which was built by Huntér, of Kennington- 

een. The whole of the works were carried out by Messrs. 

gers and Booth, of Gosport, the duties of clerk of the works 
being carried out by Mr. Cloutman. The cost of the structure, 
independent of the site, was about £3000, 
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THE ARCHITECTURAL EXHIBITION. 


Tur Architectural Exhibition opens this year uuder some- 
what different auspices to formerly. 16.18 now denominated a 
Society, having a president, four vice-presidents, and the ordinary 
council or working committee, with the usual обсега, The 
president is Мг, Beresford Hope, who is also the president of the 
Royal Institute of British Architects ; among the vice-presidents 
аге the late two secretaries, Messrs. Fergusson and Edmeston, 
whose places in the latter capacity are now filled by Messrs. В. 
W. Edis and Rowland Plumbe; while Mr. Ashpitel has resigned 
his honorary treasurership, and been succeeded by Mr. E. B. 
Lamb. 

Та addition to the president’s opening address at the inaugura- 
tion conversazione, on the Ist of May, lectures have been delivered 
during the part month, on Tuesday evenings, viz.: May 15th, by 
Mr. Digby Wyatt, on “Тһе advantage of travel іп the study of 
architecture ;” 22nd, by the Rev. J. L. Petit, “Remarks оп 


Egyptian architecture ;" 29th, by Thomas Wells, Esq., “Оп the: 


influence of Eastern on Western art, and more especially on that 
influence as exerted through the medium of Coustantinople.” 
There yet remain three lectures to be delivered in the course of 
the present month, viz.: June 5th, by J. P. Seddon, Ева,“ New 
lampe for old ones;" 12th, by Professor Lewis, on “ Byzantine 
architecture;" 19th, by T. Roger Smith, Esq.. “ Оп theinflueuce 
of site upon the design of some celebrated buildings.” The 
usual privilege is accorded to season ticket holders, of admission 
to these lectures, as well as to the exbibition at all times when it 
ia open; and this is a great boon to all who can avail themselves 
of its full advautages, the charge being the almost nominal one of 
half-a-crown. 

It may be also premised that some alterations have been made 
in the arrangements of the galleries themselves; the two principal 
apartments being now confined, as originally, to architectural 
drawings and architectural photographs only, while the eastern 
gallery has been reconstructed internally, and is now filled with 
в useful collection of practical works iu connection with the 
general subject of “ Building Materials and Appliances,” under 
the management of Mr. D. О. Boyd. Тһе north gallery is still 
retained for sundry general features of the same kind. 

The absence of one familiar face will not fail to be regretted 
by all who were acquainted with the genuine worth of the late 
curator to this as well as to the other societies, Mr. Henry Moody; 
so obliging, courteous, and painstaking іп all that related to the 
interests or comforts of those whom it was evidently as much his 
pleasure as his duty to serve, and whose sudden removal by death, 
a few months since, is a loss pemg felt far beyond the 
circle of his immediate family and friends. It was, however, 
with satisfactiou that we learnt that the post had been offered 
to, and accepted by, his nephew, Mr. W. Farthing, a gentle- 
man whose business qualifications in every way fitted him for 
the work. 

Мг. ГАпвоп (1) exhibits his new building in New Southwark- 
street for the Hop Planters’ Company, a plain red brick edifice, 
of the warehouse type, rather less ornate and characteristic than 
the majority of that gentleman’s works. Mr. C. E. Giles has 
eome excellent drawings of buildings in progress, carefully given, 
thongh perhaps to rather too small a scale. However, as each 
is shown by more than one view, there is leas left to be imagiued 
than there otherwise would be. Of the half-dozen groups thus 
exhibited, the moat noteworthy are (B) “а chureh and curate's 
house at Nordelph, Norfolk; (19) а amall new “church and 
schools at Froome Selwood," which are designed with much true 
feeling, though the bell-turret to the former is rather too preten- 
tious br the general character of the rest. Mr. Giles evidently 
atudies—and properly too—the effect of skylines, and the forms 
of his roofs. Foremost among the sketches of old buildings 
must be mentioned those by Mr. T. H. Watson, of which several 
made by him during bia travelling-studentship of the Royal 
Academy are distributed on the walls. His rapid and effective 
style of pencilling is heightened by his facile water-colouring, 
rendering these sketches (for such they in truth are) every way 
expressive and eatisfactory to the beholder. In this category 
may be particularised the exquisite porch to “ 8. Paolo, Ferrara,” 
(2), and S. Matthias, near Treves (4). A brother traveller in 
the same school, Mr. Phéené Spiers, has eight contributions of this 
class, more delicately handled, but scarcely less effective than those 
to which we have just referred. His sketch of the “ Cathedral 
of Palermo” (23), and the “House of the Painted Capitals, 
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Pompeii” (23), will be especially examined with interest. As a 
specimen of patient labour, in illustrating a subject of interest 
which we do not remember to have ever seen before adequately 
treated, we may point to (5), Mr. R. Groom’s elaborats drawin 
of the “ Old Choir Gates of St. Paul's Cathedral.” In (6) and (7 
Mr. Plumbe exhibita an interior and exterior of a pro 

“ Congregational Mission Church, North Bow,” the former of 
which has some very good features, particularly in the construc- 
tion of its roof, which for a wide span is contrived on an excellent 
ровер consiating of ornamental curved ribs and braces, соп- 
nected by a tie beam, not at the usual wall-plate level, but at 
about ote-third of the space above. 

Passing by Mr. Whichcord’s “ Offices in the Old Jewry” (16), 
which are very feeble in design, we come to the smartly coloured 
“Parsonage Houses” adjoining (20), which completely kill every- 
thing near them. Yet this is no undesirable attainment in these 
competition days, and Mr. Hooker may deem himself very 
fortunate in having at command so skilful an artist, whose 
abilities have undoubtedly been also exercised in tinting Mr. 
Sorby’s beautiful drawings (141, 148). Mr. W. White is to be 
commended, year by year, for the ріліп, unvarnished, architec- 
tural drawings which he invariably sends; crude to a degree iu 
fiuish, and scarcely less quaint in design. Nevertheless, under 
their somewhat unattractive garb there is Sure to be found a 
vein of real good sense and meauing, which is generally wanting 
in more showy productions. Mr. а Г, Beetholme’s drawings 
exhibit more uf the picturesque artist than the genuiue architect, 
nevertheless there are in both of them mauy good points of 
composition as well as detail. Mr. W. Peachey is a conspicuous 
exhibitor, not only of his architectural productions, but of his 
personal features, which are duly set forth in a carte-de-visite 
panis in an illuminated border, as a centre to a “Sheet of 

hotographs” (179), which would otherwise be probably over- 
looked altogether. Nor are the drawings (39, 65) of his com- 
petition design for the “ Exchange at Middlesborough” more 
commendable, betraying as they do but little appreciation of the 
real secret of true art. Thoroughly contrasted with euch attempts 
(and their name is legion) are the really clever and artistic con- 
ceptions of Mr. E. B. Lamb, who, as heretofore, is a liberal con- 
tributor to the exhibition. We must still, however, except the 
peculiar style in which he continues to invest his churches, which 
savours more of the domestic of a late age than the orthodox 
ecclesiastical character. His “mansions” and “residences” are 
picturesque in the extreme, and show the well-trained hand of a 
master mind. See the photographs of Nuneappleton, Yorkshire 
(49), and of the Мапог House, Aldwork, пецг York (191), also 
Parkfield Place, Fawkham, Kent (78). 

The additions to “Richmond Grammar School,” by Messrs. 
Austin and Johnson (46) are iu character with the old building, 
8 good example of plain domestic Gothic of the Perpendicular 
age. In their new church, too, of St. Stephen, Newcastle-on- 

е, shown in an exterior and an interior view (76, 82), there 
is the same correct appreciation of style, plainly but sensibl 
treated, especially externally, as evidenced in the skilful ме 
ink view before us. Another bold pen-and-ink drawing is of ап 
interesting and difficult subject,—the old staircase (17th century 
work) at Cromwell House, Highgate, as it existed before the 
fire of 1865, and to which Mr. Г Barris in his delineation (77) 
has done full puce n is a complete study in its way; (80 and 
Bl) are two large frames of photographs, the former, by Mr. 
Phipps, of Bath, exhibits the Militia Stores, Gateway, Guard 
House, &c, erected by him in that city for the 2nd Somerset 
Militia, and also portions of some semi-detached villas of careful 
design; the latter consists of no less than fifteen reductions 
from drawings of buildings desigued by J. P. Jones, whose exten- 
sive and apparently expensive commissions are further displayed 
in (204 and 224), besides a series (217-220) of “Madrid Improve- 
ments,” gigantic in scale, and satisfactory in appearance, provided 
they meet the requirements of the climate, which is perhapsopen to 

ueation. There is too much prettiness about Mr. J. P. Pritchett's 
thic designs to render them quite satisfactory, as is evidenced 

in (47, 48); while the extravagant attempts at quaint originality 
іп which Mr. Bassett Keeling delights to indulge are far less 
tolerable. Of late there have been symptoms of а subdued tone 
in this gentleman's works; and his Weeleyan Chapel at Dalston 
(50), which seats 1200 persons, and has schools, class-room, and 
chapel-keeper's house under, costing inclusively, as stated, only 
Ж4200, has really considerable merit; but the best of Mr. 
Кесіп е executed works, so far as we know, is his “Church of 
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St. Philip, Camberwell,” of which a complete series of plans, 
sections, and elevations, is given in (175—178); though the over- 
hanging of the complete belfry stage is not altogether judicious. 

r. Mocatta, in his Italian sketches, has supplied an interestin 
study ; those from Milan Cathedral (91) eapecially. Nor shoul 
his “ View at Amiens ” (242) be overlooked The greater part of 
the church of St. Cuthbert, Darlington, has been restored, we 
believe, by Mr. Scott; but Mr. J. P. Pritchett shows (93) the 
east end, as recently restored by himself. This church is well 
known as one of the finest examples of early work in the north 
of England; and it is gratifying to know that, from a very 
threatening condition, it faa been made thoroughly sound, and 
restored, as far as possible, to its original design. 

In a clever allegorical panel in the proscenium of the theatre at 
Nottingham, Mr. Holliday has depicted Shakespeare, with the 
principal characters from his comedies and tragedies, forming 
part of an architectural composition designed by Mr. C. J. 
Phipps, and here shown in a coloured photograph (98) ; the same 
frame containing views of the interiors of the theatres at South 
Shields and Nottingham. (101) Contains five photographs of 
recently-erected buildings by Mr. Thomas Harris ; the originality 
in which partakes quite as much of blemish ая is displayed іп 
most things of the kind, too often wildly novel and proportion- 
ably unsatisfactory. “Тһе Vicars House, Lowestoft,” іп this 
series, is a case in point. 

In the large gallery, the first subject is “ the building designed 
for the International Exhibition, Bombay," by Messrs. Imbshaw 
and T. Roger Smith, shown in a cleverly coloured interior view 
(118), while (249) gives an exterior view of the same building. 
In both of these drawings, though there is much to remind one 
of the ordinarily received type of such edifices, particularly in 
the application of iron and glass, the modifications necessary to 
suit local exigencies have not been overlooked, and consequently 
there is an air of truthful novelty in the general aspect, which 
is very satisfactory. But by far the most important drawings in 
the room, and indeed in the whole collection, are those contributed 
from the recent competition for the New St. Pancras Station and 
Hotel for the Midland Railway Company, in the Euston Road. 
The designs which received the first and second premiums are 
exhibited at the Royal Academy, but there are here before us 
(taking them іп the order of the catalogue) portions of the designs 
of Messrs. Е. P. Cockerell, Owen Jones, and T. C. Sorby. That 
of Mr. Cockerell includes the general plan, but as it is hung 
above the eye, it cannot well be adequately examined. Considering, 
however, the magnitude of the scheme, the general arrangement 
seems dictated by the site, and one which, probably, most of the 
other competitors have more or less followed. Not so, however, 
the character of their respective elevations, which are widely 
dissimilar ; the first-mentioned being gloomy, tame, and un- 
р іп the extreme. It is therefore the more to be 
regretted that this design is the most completely illustrated by 
Неро ca drawings also ; while Mr. Owen Jones has none 
at all, and Mr. Sorby only а section of the passenger shed, and 
some beautifully-studied and coloured portions at large. Mr. 
Oweu Jones's design is not intrinsically very striking, except in 
boldness, but it is made so by the masterly skill of the artist, 
who, in the interior view (128) has overcome with consumuate 
ability & very difficult task. 

Mr. Sorby's principal elevation differs from the others in its 
being more symmetrieal, and planned on oue continuous curve, 
whereas the others appear to follow more rigidly the precise 
outline of the ground. The style of the elevation is Italian—so 
far agreeing with the others by ita side,—but there is a tinge of 
French detail about the windows and other parts, which is by no 
means unpleasing. In place of being able to examine the direct 
plan, we muat content ourselves with portions of the author's 
description of his design, wbich he states to have resulted from a 
personal inspection of the principal metropolitan stations and 
hotels, in company with the managing otficials of the various 
departments. The scheme of the plan of the railway office is 
based upon that of the Great Northern, containing а booking 
office 88 feet long, 55 feet wide, and 55 feet high, with an otfice 
for ticket clerks 40 feet by 30 feet. 


“Ву placing the clerk's office central, first-class passengers have the 
great advantage of quietness, and being ‘select,’ an arrangement hi hly 
apprecisted, and adopted in effect at Charing Cross and the new Hig 
Level Station at Sydenham, &c., with the most marked satisfaction. 
Contiguous are the branch telegraph, the station superintendent's office, 
and the first-class general and ladies’ waiting rooms, both with direct 
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access to the platform. Convenient lavatories and W. C. are provided 
for the use of both ladies and gentlemen. 

On the aecond-class side are two waiting rooms communicating, and 
with direct access to the platform; alao an easily accessible departure 
cloak room, with spacious entrance lobby communicating with platfonn 
and booking office. A conveniently placed cloak room is also provided 
on the arrival platform, with ‘lost property’ office adjoining. 

The excursion or secondary booking office is 55 feet long, 25 feet 
wide, and 25 feet high, placed opposite the central platform; the ticket 
clerks’ office being taken out of the adjoining rooms, leaves the space 
unencumbered (see drawing No.1). A general waiting room, 30 feet 
by 25 feet, with ladies’ waiting and retiring rooms, with the usual con- 
venience, is attached. 

An office, 32 feet by 22 feet, approached from the end platform, is 
provided for the divisional superintendent, within easy distance from the 
staircase to the company’s offices, 

An office 22 feet by 18 feet, is placed near the excursion booking- 
office for the С.Е. agent; if requisite at any time, a staircase and 
another office of the saine size might be constructed over, as there is 
ample height for the purpose. 

Contiguous to the exit gateway, the exit staircase, and the arrival 
cloak room, is a convenient gentlemen's waiting room, with lavatory and 
dressing room attached, for the benefit of gentlemen arriving early from 
along journey; similar accommodation is provided for ladies. У. С. 
and urinals are avoided in tho gentlemen's room, as they are to be found 
close Ъу....... 

“ Experience at the Great Northern Railway proves that а long narrow 
lamp room is a great error, and the smell of oil а nuigance on the 
form. I therefore propose а large square room, 32 feet by 30 feet, with 
a 10 feet passage way to the platform, placed іл а central position, 
equally convenient for the lamping and unlamping of trains; this room 
would be floored with zinc on boards, and fitted up with stove shelves, 
brackets, sinks and counters, for every convenience of trimming, filling 
and repairing the lamps. А 

The principal ‘outwards parcel office’ is раса оп the departure 

latform, similar to that at the Great Northern Railway and Great 
estern Railway, with this extra advantage, that a door at the end will 
enable large batches of parcels of private property, requiring special care, 
to be placed in а van on the outside rails before being attached to the 
train. А branch outwards parcel office is placed at the street level, at 
the corner of the Euston and Old St. Pancras roads, adjoining the 
‘inwards parcels office." Ву this means, I should obtain from 
the rapid passing traffic and light carta, offering the same advantages as 
the various ‘town receiving offices,’ and also helping to catch and divert 
ро at present sent рег Great Northern Railway or London and 
orth- Weatern Railway by means of offering more conveniences to those 
passing that way than these lines possess. “ Parcels received here would 
hoisted to the inwards office above on platform, and conveyed to their 
proper vans. 

The principal inwards parcels office would be on the platform level, 
8.Е. corner, where the parcels would pass through the ks, then be 
sent down the hoist or eliding shoot to the office below for deliv 
into the carts. A similar inwards parcels office ін placd at the по 
end of the platform, with hoists and shoota to the delivery office below; 
but this office I regard as more for the reception of fish, poultry, 
cheese, butter, eggs, meat, and articles of that description, and the 
trains from the north might be made up accordingly. The shops which 
I have indicated in the elevation drawing No. 3, are pa a for the 
sale of produce off the line, both wholezale and retail. 

An entrance hall, approached from the carriage exit gateway, leads 
to а spacious and handsome staircase, lighted from above, for the 
directors ascending to the board room. А staircase for the public 
and company's employées is placed close by, with entrance from the 
platform. 

At the head of the board room staircase is placed а room for board 
messengers, and ante-room to board room, with general waiting room 
for parties attending on appointment and dismissal days, and three 
or four private waiting rooms. The board room would be a handsome 
apartment, 37 feet long, with alcove end, 27 feet wide, and 17 feet 
high, adjoining which would be the committee room, 27 feet by 18 
feet, and the partition between these two rooms would be e to 
slide bodily up, so as to throw the two rooms into one room, 56 feet 
by 27 feet, if requisite for a larger meeting... . ... 

The structure throughout would be fire-proof, the floors being con- 
structed with Dennett's patent arch on rolled iron joists, &c., with board 
floors over same in the rooms, and tiles or stone landings in corridors, Әс. 
A lift near the public staircase brings coals from the basement to a small 
store on this and the other floors, and а shoot carries away the dust to a 
proper receptacle in the basement. The main transverse walls would be 
so arranged (and the intervening walls carried on girders, and во be 
removable) in this and the upper floors, that tbe directors could either 
add to their office accommodation by taking in rooms now set apart for 
the hotel, or alter the size of the rooms, or give up certain rooms and 
add them to the area of the hotel at various times, as circumstances 
might indicate, without interfering with the stability of tbe structore. 
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On the second floor offices are provided fer the company, subject to the 
last clause... ... . 

Entering the hall from the archway leads you at once to the bar and 

the grand staircase, and the groom of the chambers and hall-porter; 

ite the bar is the entrance to the smoke and billiard rooms. Close 
by the foot of the staircase and the bar is the ascending room, and the 
lifts for luggage. Connected with the bar is the bar parlour, the mana- 
ger’s room, and a small private stair to the cellars, and lifts for wine, &c. 
Over the kitchen is placed the coffee room, a handsome apartment, 
55 feet by 35 feet, by 21 feet high, adjoining which is a serving room, 
(with lifts from the kitchen,) and the.still room. Opening out from the 
coffee room is a small library and reading room for gentlemen to retire 
to after breakfast. The remainder of this floor is devoted to dining 
rooms, а waiters’ room, lavatory, W. C., and a bath room. The grand 
staircase and ascending room аге taken up to the third floor, and the 
secondary staircase. is planned to run the whole height of the house for 
hotel servants. Between the ground and first floors, along the frontage 
next Brewerstreet, and towards the , I have provided for twelve 
bed rooms, 9 feet high, approached from the hotel staircase. These 
rooms are not shown on plan. A second bar is provided at the landing 
of the first floor, a feature that has been recently added at the Charing 
Cross hotel. Speaking tubes, small lifts, and a private stair commu- 
nicates with the bar on the ground floor, and a small closet is added to 
the har parlour. The ladies’ coffee room with library adjoining same, 
for the use of families staying in the hotel but not having private sitting 
rooms, is placed over the principal coffee room, and has the serving 
room, with lifts from the kitchen and still room as below. Four private 
sitting rooms, 12 bed rooms, 1 dressing room, bath room and W. C., and 
housemaid’s closet, are also provided on this floor in this section of 
the hotel. 

I have proposed а feature in connexion with the hotel and terminal 
and ' bead-quarter' station that has not, I believe, before been adopted, 
but the idea has in this plan met the cordial approval of the managers of 
the Grosvenor and Charing Cross hotels, and others interested in the 
development of similar matters. 

There are a large number of gentlemen who run up to London for a few 
bours for business, who havo no offioe where they can give в rendezvous 
or make an appointment; they therefore go to some hotel, transact their 
business, and apend their money. I pro to make special provision 
for this valuable class of custom, for the benefit of both railway and 
hotel. Т have, therefore, reserved а certain section of the hotel, adjoining 
the railway station and offices on the first floor, where gentlemen entering 
from the platform or the railway offices, can have their private room, 
and make their appointments; where they can enjoy the luxury of a 
bath or lavatory after a long journey, finding every convenience close 
by; can lounge in the news room overlooking the platform, join the table 
d'hote, and while away an hour till the train starts, in the billiard room 
or smoke room. The railway would appeal to them as offering a great 
advantage, the hotel has good customers, and the man of business enjoys 
greet convenience and comfort, saving his time and money in running 
about London. А ladies’ or private dining room, on the same plan, 
with dressing cloeeta, is also provided, and a staircase leads to а mezza- 
nine below, where accommodation may be found for visitors’ servants, 
and for the bar department. І also regard this arrangement as а matter 
of great convenience to the board of directors and superior officers, who 
thus have all the advantage of а first-class hotel at hand, and can 
take а friend in to dine, and wait their return trains, &c. Тһе plan 
provides for extension of the scheme at any future time. Тһе staircase 
and hoist leading to and from the platform are also continued up to the 
top of the house, and would be the ordinary means of exit from the hotel 
to the station, and entrance from the platforms to the hotel. . ..... 

Тһе second floor provides for 9 sitting rooms, 87 bed rooms, 4 dressing 
rooms, 2 housemaids’ rooms, 8 bath rooms, and 6 W. C. On this and 
other floors there are suites of rooms, comprising sitting room, bed room, 
and dressing room, with option of a second bed room. These rooms all 
open npon a small inner Tobby with outer door and bell, with the num- 
ber in the fanlight over the door, as at Charing Çross hotel. The third 
floor provides for 5 sitting rooms, 45 bed rooms, 5 dressing rooms, 
2 housemaids’ rooms, 3 bath rooms, and 6 W.C. The fourth floor 
provides for 22 bed rooms, 1 dressing room, 1 bath room, 1 housemaids’ 
room, and 2 W. C. 10 servante’ bed rooms are provided in the pavilion 
roof. The total number of private lettable room is:— 22 sitting rooms; 
152 bed rooms; 12 dressing rooms or small bed rooms. In addition to 
which tbere are 8 bath rooms, and 38 W.C. All these rooms are 
exclusive of the special railway hotel accommodation." 


Tbe approximate estimate of the total cost is £245,000. We 
have ventured to transcribe thus largely, in order to show not 
merely the questions to be considered, and the difficulties to be 
contended with, but also the painstaking way iu which they 
have, in this particular instance, been met—a labour recognised 
by the award of the third premium. 

Mr. С. В. Green's “Keighley Town Hall" (150) із a bad 
adaptation of the New Town Halls of Northampton and 
Congleton, and not much can be said in favour of his two 
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“District Churches” (934, 239) Мг. Petits characteristic 
colour-sketches аге as powerful and unmistakeable as ever, and 
he has done good service to the Exhibition from year to year in 
ваши Phe many of the productions of his facile brush. “The 
Great Mosque at Damascus,” and the “Tomb of the Mamelukes 
at Cairo,” are especially noticeable. Of sketches in pencil, also 
the result of foreign tours, there are not a few, including a 
liberal sprinkling from Mr. Digby Wyatt (163, 188). There are 
also (to dismiss this subject) some very good contributions from 
Mr. Nattress (152, 153, 181); and Mr. R. W. Edis (160, 162). 

Mr. Truefitt exhibits but one drawing (158), containing a sheet 
of illustrations of the bank buildings now in course of erection, 
from his designs, at Manchester. It is needless to remark that 
these, like everything of the kind proceeding from the same 
n the case before 
us the chief feature is the treatment of an otherwise blank wall 
by a row of columns, and by masonry squared and dreased to 
pattern, in a simple but effective manner. The font for Llandaff 
Cathedral (166), by Mr. J. P. Seddon, is a vigorous conception, 
and quite in keeping with the character of the venerable edifice 
for which it is destined. A decided attempt at novelty, and, 
unfortunately, not a very successful one, has been made by Mr. 
W. White in his new District Church, now being erected in 
Aberdeen Park, Islington. The general outline is clumsy, and 
the dwarf central tower to such a building unmeaning; while 
the fanciful brick patterns on the interior surfaces are greatly 
exaggerated. In this building much has apparently been aimed 
at; and, аз an almost necessary consequence, the result is less 
satisfactory than usual. 

There are four drawings contributed to this exhibition by Mr. 
J. Drayton Wyatt: (85) being viewa of “the new church and 
parsonage lately drected at Weaste, near Eccles, Manchester,” by 

г. Scott ; (115) “St. Andrew's College, Bradfield, near Reading,” 
showing the new “half-timbered” library, with studies and school- 
room, as proposed ; to which is added a complete general ground 
plan ; (131) an interior view of the “ New Swimming Bath, now 
in progress of erection for Brill’s Brighton Bath Company 
(Limited); and (229) an elaborate lithograph of the “ Interior of 
Copley Church, near Halifax." 

Тһе Architectural Publication Society, and the Class of Design 
belonging to the Architectural Association, are both represented 
as usual on the walls, The latter are thia year particularly good, 
.and some so highly finished ав to deserve a better title than mere 
“sketches ;” proving the interest taken in the questions to be 
solved from time to time, and the degree of emulation evoked 
among the members who are wont to assemble. 

Mr. Goldie and Mr. Pugin are exhibitors of sundry clever 
Gothic designs, each marked by the peculiarities of their respective 
authors, but each well worthy of examination. The “ Augusti- 
nian Church, John-street, Dublin" (231), by the latter, is, in 
particular, a noble conception, well worked out. In four highly 
fnished outline drawings by Mr. A. M. Ridge (206, 209), we are 
presented with the “ Design for a Hall of Science and Art, 
which received the Royal Academy gold medal, ahoen and 
books, 1865,—an English Gothic composition, rather Vene- 
tianised in its details, which, beyond its careful delineation 
throughout, has not much to recommend it. Mr. Charles Barry 
reappears, in his “ Dulwich College Estate Railway Boge d 
(225); and Messrs. Banks and Barry, in their new “ West- 
minster Chambers, Victoria-street;" and the extensive buildings 
now being altered by them in the “ Piazza Statuto, Turin.” 

The Exhibition will finally close on the 30th instant. 


-----“:------ 


MECHANICS APPLIED TO ARCHITECTURE. 


Вт К. О. Harris, М.В.Т.В.А. 
( With an Engraving). 

Tue object of this paper ів to invite attention to the leading 
facts of science which guide to the economical and efficient modes 
of employing the various materials we have to deal with in construc- 
tion. The nature of those most commonly nsed, the different 
strains to which they are subjected, and the forces producing 
them, in the parts of a building,—the force or weight applied, 
and the resistance, not only in framework but among the parts 
of the material, will have attention. This we will call the 
balance of forces, which leada to the consideration of its effect 
on framed beams, roofs, #с., or the balance of framework. The 
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consideration of arches and walls, with the thrusts upon them, 
will also have some attention. 

Force and the Balance of Forces.—Statics, or the science of 
balanced forces, may be simplified into weight and force, and 


a structure may be said to consist of an arrangement of material | 


or weight to preserve a definite form, either by framing or 
the natural combination of the material within itself; and the 
investigation of the forces that are distributed so as to balance 
them, form the subject of this division. 

The attraction towards the earth of a body, and the intensity 
with which it is attracted, is as its specific gravity or weight 
acting in a line to the centre of the earth; not only does the 
entire mass act, but also the parts of which the weight consists, 
ав in the case of а beam spanning an opening. Imagine a line 
in the centre of it being composed of an indefinite quantity of 
points or centres of attraction equally heavy, and acting in the 
same downward direction, and considered as acting in lines 
parallel to each other; each of these centres are connected to 
each other by the natural cohesion of the material, and are 
collected at the centre, which becomes the centre of gravity of the 
line, and is always in the middle of its length. A rectangular 
beam (fig. 1, plate 21) then, being considered as made up of an 
infinite number of lines, has also its centre of gravity there. 
This system of finding the gravity of а beam by the action on its 
points applies equally to irregular shaped beams as well as 
regular, for example : if а beam be of this shape (fig. 2), or has 
more to carry at one end than another, where will be found its 
centre of gravity, or the position а column should he placed 
under it to make the best use of thematerial. Tt is evident upon 
referring to the diagram that the masses on each side of the 
centre line A must be equal, therefore a point that has the parts 
all around it balanced must be its centre of gravity ; the proof of 
this is simple, for if the mass be suspended longways from B, its 
vertical line will be found in the direction of B C ; if suspended 
at D, in the direction of D E; and a line drawn through the 
centre thus found will divide the beam into two equal quantities; 
a glance at the diagram will shew the correctness of this, 
and from whatever point the mass be suspended the vertical will 
cross the same centre. In triangular forms the centre is found 
by bisecting the sides, and drawing lines to the opposite angles, 
asin fig. 3, the intersection will Бе the centre and position of 
the vertical line A, if the mass or beam were supported at each 
end. The centre of ary of a regular curved line is found by 
multiplying the chord of the segment by the radius, and dividin 
by the length of the arc, the fourth term giving the distance о 
the centre of gravity from the centre of the circle, for example, 
fig. 4 takes an angle of 90° A, whose radii, AB, AC, form the 
sides of a square each equal to 1, therefore the chord C B is the 
diagonal, and equal to 1:414, and the arc iseqnal to one fourth the 
circumference of the circle ог 1:572; the formuls algebraically 
stand thus :— р 

CB x AC 1414 x 1 

свр 99 ра = 99 
giving the distance of the centre of gravity Е 1% from the 
centre of the circle, showing clearly that a circular line is not 
equally balanced in quantity about the centre of gravity line, 
except when stapendat from D. The application of these results 
will be further spoken of when referring to arches, curved 
ribs, ёс. «с. 

The whole of the assumed parts into which we have imagined 
the beam divided are rigidly connected together, and act with 
equal downward force in the middle or centre line of gravity, 
and is considered equal to the whole load of the beam: this 
collection of the separate forces into one at the centre is called 
the resultant of the load, and must be necessarily equal to it— 
and a measure or a result of the combined forces acting on the 
beam in a vertical downward direction and for distinction is 
called the vertical force. The two supports also, dormant as they 
appear, exert forces іп tho exact proportion of the load they bear, 
and are called the resisting or supporting forces, being always 
equal to the applied or vertical force. The power of resistance 
in а body is said to be somewhat analogous to gravity, and won- 
derfully accommodates itself to the force it has to resist, exerting 
so much force as is required only. The exact balance of these 
two forces maintain the body in a state of forced rest or 
equilibrium, and are distributed throughout the beam in equal 
proportions. 

We have considered as yet, forces acting vertically only, and 
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irrespective of their intensity and direction. The laws of oblique 
forces, or forces acting at an angle with the horizon, ditfer 
essentially from the former, for their direction and intensity being 
iven, we have to find а third that shall balance them, or one 
ing given and the other two in direction only, the amount of 
force each requires to balance the given one. Let two forces be 
inclined to a vertical, and represented by two lines, AB, AC, 
Fig. 5, whose position indicate the direction and whose length 
show the amount of force in units of а given weight. y 
drawing the lines CD, BD, parallel to the two given lines, & 
rallelogram will be formed whose diagonal AD will represent 
in direction and length the force required to balance the two 
given ones, and is their resultant. 

À very practical and simple experiment will demonstrate the 
correctness of this law, upon which depends the whole system of 
the parallelogram of pressures, so particularly applicable to con- 
struction.* Ifa vessel of water be filled to the brim, and a flat 
board be floated on its surface, with three strings attached to it 
in any position by the pins 1, 2, 3, tig. 6, now fasten three strin 
to them adjusted so as to pass over pullies at the side, at A, B, C, 
and attach different weights at the end of each. The first thin 
to be observed is, that if the three lines are produced they wil 
meet at а common centre at O, and if А be extended to represent 
inches in length'the lbs. weight at А, and DO at B; complete the 
parallelogram of which these are the sides, when it will be found 
that the two lines will intersect at F, and the diagonal FO will 
be equal to the third force. 

The foregoing rnles given refer to forces in а horizontal plane, 
and are difficult of application to building, where the neutralisa- 
tion of gravity is the chief consideration. Ihave not been able 
to apply to my satisfaction the rules generally given for the 
parallelogram of forces, but I think the following a practical one, 
and easy of application, if not original. In the firat place, the 
horizontal beam of a given weight, злу 2 cwt., rests upon two 
supporte with a force of one cwt, each, this we will call its hori- 
zontal thrust or pressure, АВ, fig. 7, while its vertical pressure 
will be represented by AC, which 1s the entire M of the beam, 
ог 2cwt. Itis evident that in passing through all the angles of 
the quadrant half the weight of the beam is gradually increased 
from the other half, until it merges into the total weight of the 
beam in the vertical position upon the support A, and at every 
angle a portion of the weight acts with a force tending to turn 
the support А. over at a loss of downward pressure on B. It will 
be seen on reference to the diagram, that when at an angle of 
45? with the horizon, the two lines, DE, EF, perpendicular to 
ual, but the 
pressures are not equal, for half the weight of the beam ia atill 
upon the support (À) but increased in the proportion of the sine 
of the angle DE, taking half the beam as a radius. Тһе amount 
it requires to make up the two cwt. being its pressure on the 
support B; for example, the angle of 45? whose radius equals one 
ewt. or half the length of the beam, the sine of that angle is 
the line DE, and equals "707, therefore the pressure on the 
support (A) equals 1707, and on B if it were raised to it would 
be the difference or “293, and the outward thrust on (A) "707. 
The application of this rule to a pair of rafters will be in precisely 
the same manner, of course considering the two pressures that 
meet at the junction of the rafters as vertical pressures, and 
equal to each other. Should each side not be the same angle, 
the method of proceeding would be still the same, but the 
different downward pressures at the apex require to be neutra- 
lised, which may be done by divertiug the pressure there at 
another angle, which will be treated of more fully in its place on 
the balance of framework. 

Another very important force, of which we are continnally see- 
ing the effects, claims a large share of our attention, that is the 
principles of leverage or the theory of couples. I regret not being 
able to treat of this branch more fully, having limited myself 
more particularly to the application of practical rules to con- 
struction, giving just so much theory only as ia required to show 
the means by which the conclusions are arrived at, and to render 
the subject traceable to more detailed works. Two equal forces 
acting in opposite directions, but not in the same line of action 
are called a couple. The two forces in a beam, for instance, the 
vertical and supporting pressures as before described acting in 
the direction of the arrows AB, fig. 1, while the distance between 
them is called the arm or leverage of the couple. You will 
readily perceive that if the beam were extended along to D, the 
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force at D, would tend to turn it on the base or fulcrum C, and 
the distance BC, multiplied by the force applied, is called the 
moment of that force, ее а beam fixed at the ends із doubly 
as strong as one merely supported, because the leverage is equally 
balanced. Suppose a mass of stone or any other material, fig. 8, 
were required to be moved, say on a centre at (a), and require 
forces to move it 40 lb. each applied in the direction of the 
arrows b b, the leverage will be equal; but if, instead of apply- 
ing the force at 5, it is exerted at с, it will require 70 lb. to 
produee the same effect as b, does, and a corresponding altera- 
tion in the upper force с, to produce only a force of 10 Ib. 
Taking then each of the divisions as representing 10 1b., 
multiply the weight on one side by the divisions on the other; 
the result is the moments of the forces. 

Before applying the foregoing rules to construction, I have to 
ask your atteution to a few remarks on the strength of materials. 
There is no part of my subject of greater importance than investi- 
gations connected with the strength of materials ; the resistance 
to forces variably applied is first ascertained by practical 
experiment, and upon it depends the most satisfactory demon- 
stration of the rules deduced therefrom—and what are called 
the measures or moduli of strength to resist force in a given direc- 
tion. Whatever be the position of the force or load with respect 
to the material to be acted upon, the resistance or tendency it has 
to recover its original state is called Ив elasticity. When the 
force applied ia not so great as the direct elasticity of the 
material, the body is said to be elastic (to a certain degree) if the 
load is increased beyond this fracture ensues. I may here 
mention that the laws of elasticity pone to a sphere equally 
apply to a beam, for if it is compressed transversely it lengthens 
longitudinally —and vice verad. The load applied to cause 
fracture is called the breaking load; and the load that may be 
applied with aafety, without injury to the material, is called the 
proof load. 

The different ways а material may be injured or broken we 
may reduce to two: that where the force is applied longitudinally, 
and transversely. By the first we may have tension—tenacity or 
resistance to tearing,—aud compression or crushing by a direct 
thrnst The force applied transversely produces three principal 
kinds of fractures :—1, distortion or shearing (that is the sliding 
of one part on another); 2, twisting or wrenching; and 3, bending 
or breaking across. The following table* will give the moduli of 
strength or the force under which a given material begips to 
yield or fracture. The experiments being made or reduced to the 
application of the force in pounds on the square incb, in the case 
of breaking across they are reduced to bars one inch square and 
one foot between the supports. 


Modul Modulus 
break- | Shearing.) of Elasticity. pima 
Stretching. Disto, 
mol zc. 
18,000 5700 | 472 650 | 1,600,000 
15,000 | 10,000; 700 | 2300 | 1,400,000 
„| 16,000 |112,000 | 2222 | 27,700 17,000,000 | 2,850,000 
60,000 | 38,000 | 2333 | 50,000 29,000,000 | 9,000,000 


4400 88 


..| 10,000 16,000,000 


There are three principal forces which are generally оошрге- 
hended under the word stress :—1st, thrust or compressian, when 
each pushes the other towards the centre; 2nd, tension or pull, 
when each draws the other; and Srd, shear, when each draws the 
other on itself. 


* This table has bee: from Telf , d Mosel 
wich wap peoa и m ford, Tredgold, Bankine, an ey's 
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The strength of timber depends on the adhesion of the two 
tissues, the fibrous and cellular, in alternate rin; The 
fir woods are those mostly that contain turpentine, the fibres are 
straight, and their resistance to tension 18 considerable, being 
nearly that of oak ; but the adhesion of the fibres to each other 
is very small, their consequent resisting power to shearing is but 
650 ib; whereas in oak it is 2300 lb.: а fact to be borne іп 
mind when the force at the end of a tie beam is great. The 
tenacity of the fibres to each other of oak, and Из durability, give 
it an advantage over fir, particularly for columns; but its pro- 
portion for bearing a transverse load is not sufficient to compensate 
for Ив extra cost over fir. 

The strength of cast-iron is remarkable, as having its resistance 
to tension во small (16,500 1b.) as compared to crushing (40,000 Ib.) 
Also the greater tenacity of the skin or exterior of the beam 
than the interior. Wrought-iron, like other fibrous substances, 
has more tenacity along қ 354 acrosa, and its resistance to tension 
(60,000 1b.) is greater than to crushing (38,000 1b.) 


Ол Beams and Girders.—In а former paragraph has been 
described the weight or load of a beam, and its resisting pressures. 
We have now to deal] with the action of-a transverse load upon it. 
The gross load is transmitted by the beam to the piers, in the propor- 
tion of its distance from the walls; the force of gravity acts 
upon it, drawing it down in the centre, causing a compressive stress 
inthe upper part and a tensive stress in the lower, acting against 
each other, and at the division of these two actions is а neutral 
plane or neutral axis, as it is generally called, which will be 
situate іп the depth of the beam proportionate to the tensive and 
compressive strength of the material; or in other words, reduced 
from the formula, the sum of the tensive and compressive 
moduli of strength is to each of them as the entire depth to each 
of the depths. For example, a beam of fir, 10 ft. long, 4 inches 
X 4 inches, calling T the tensive force of the material, and C 
compression, Dt tension depth, and Dc compression depth : then, 

T+C): T : С =D: Dt De 

18,700 : 5,700 : 13,000 :: 4 : 2,219 $ 2,776 
and the neutral axis of the beam will be nearly 22 in. from the 
bottom and 1} in. from the top; this may be taken aa a fixed 
rule for fir—that the neutral axis is in proportion to the depth 
as 11 to 5, the greater depth being at the bottom. The two 
strains in a beam on each side of the neutral axis are 
found to be equal but vary in intensity, and are called into action 
by the load on the beam, which, if supported at both ends, will 
cause a strain equal to half the weight, multiplied by half the 


зам 
length or leverage, thus: 8 = } М D * ар 


teat strain оп а beam with а load іп the centre. Example: 
n the former beam 10’x 4” X 4", what transverse strain will 100 lb., 
laced in the centre, cause? 50 1Ъ.ог half the weight of the beam 
у 60 in., half its length or leverage, divided by 4 in., “the depth 
of the beam (5042 = 755 1b.), will be equal to 755 1b., the strain 
acting upon the fibres of the material in the centre; the breaking 
load of the beam is 2,560 lb. ; therefore, the working load should 
not be more than 643 lb. or {. It must be noted that this is the 
central strain, and that it gradually diminishes towards the 
supports, where it disappears. 

t is clear then that a beam will be equally strong for a central 
load if Из depth be regularly diminished from the centre to the 
ends, as diagram fig. 9. 

If the load upon the beam should not be in the centre, the 
entire load will be distributed on the two walls, in the proportion 
to the distance from them, inversely ; for instance, 100 №. placed 
at one fourth the span will give 75 lb. presaure to its nearest wall, 
and 25 1b. to the opposite one. The strain at the various points 
will be given by multiplying the proportion of the weight trans- 
mitted, by the distanee of the weight from the wall, and 


dividing by the depth of the beam, thus: 2 x 20 = 562, and 
90 Х 95 
4 


will give the 


— 562 lb. the strain on the beam at the point with 


the weight there. With regard to beams with the load uniformly 
distributed (which we have generally to cousider in practice) it is 
a law in mechanics that an equally distributed load on a lever is 
equal to the same load collected midway upon the length of the 
lever, as at А, fig. 10; therefore the strain induced on a beam 
equally loaded with the same weight is only half of that concen- 
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trated at the centre, and the value of the previous formula 
becomes doubled, thus, ще equals the strain оп the centre; 


this also diminishes towards the ends, but not in the same regular 
proportion as the central loaded one, but in exact proportion to 
the verticals from an ordinate of a parabola, which gives the 
shape of the top, when the material is во distributed to counteract 
the strains induced. We have the strain in the centre given in 


the expression in 1, (Fig. 11), the ratio at the other points 
is found by dividing the product of the two lengths Д, 4, into 


which we divide the beam by the өреге of half the length, and 
this expression will give the height of any vertical required, 
+12 


га = 8, or the strain at that part; thus, dividing а 10 ft. 
beam into 10 equal lengths, and start with the strain in the centre 
as 1; the following give the height of each of the verticals : 


24 21 16 9 
5595 55 84, gg = 84, and >, = 36 
thus forming a bolic curve at the top. Not only showing, 


but perfectly demonstrating, this truly scientific and useful 
law. 


The principles of leverage are closely connected with the 
strains on beams. А plain beam fixed in the wall in the position 
of a cantilever breaks with ғ lb. applied at the ends; and 2x lb. 
with the weight equally distributed. In a beam twice the length 
of the cantilever, and twice the load, 2» would break it applied 
іп the centre, and 4г if it were distributed, and 8х if the ends 
were rigidly fixed; this is sometimes given as 6x, making 
allowance for the impossibility of almost rigidly fixing the beam. 

So far then as we have gone it will be seen that the few 
rules given are really self evident, and not so perplexing as 
some practical men would lead us to infer when fully acquainted 
with{the causes that produce the different results in experimeuts 
on the same material. So entirely are we dependent on the skill 
and of the experimenter, as well as the state of the 
material at the time, that it becomes a matter of the greatest 
consideration whose experiments we adopt. They certainly 
should be those whose means of application and accurate skill 
have born the test of many years. Telford, the engineer, in his 
memorandum book collected many useful data on the strength 
of materials, particularly oak and fir; Fairbairn and Hodgkin- 
son being the chief authorities on ironwork. The table given 
above is made up from Professor Rankine’s work on Applied 
Mechanics, and is well considered. The method of arriving at 
these measures or moduli of strength, is to find the breaking 
weight in pounds of a bar one inch square and one foot between 
the supports for cross breaking, giving the result in foot-pounde, 
and for crushing and dragging in pounds on the square inch 
or inch-pounds, as strains are generally calculated. Oak and 
бг being the principal timber used in building, will have 
attention now, iron being deferred until speaking of iron struc- 
tures, rere in mind that the same general rules apply to all 
materials. Telford gives the cross-breaking weight for oak as 
ranging from 160 lb. to 584 lb., and later Rankine gives 700 lb. 
(see table) So if we take 600 lb. for oak and 450 lb. for fir 
ав constante of strength, we have a fair average on the safe 
side of the breaking weight. Тһе causes of the difference of 
the coustants varying first, are condition or quality, which is 
ав the specific gravity when seasoned or free from sap, next that 
the heart of wood is stronger than the outside, and lastly, that 
even the outside of a tree differs in strength, that portion 
sapoe to the sun having its fibres and tissues stronger. 

e have seen the number of fibres in a square inch of section 
that will break or fracture with a known weight a bar one foot 
long. We have now to consider the effect оп a longer bar and of 
larger sectional area. Telford gives a bar of oak 8 feet long and 
5 inches square as breaking with 9787 lb., against which theory 
sets at 650 lb. to the inch section, 9797 lb. for 16 feet long, 
4350 lb., against theory 4461 lb., and for 24 feet long 2162 lb., 
against theory 2400 1Ь; which proves sufficiently near for all 
practical purposes tbat the strength of a square or rectangular 
beam to resist croas-breaking is as the breadth by the square of 
the depth inversely as its length. Thus a beam twice the width 
of another, all other circumstances being equal, is twice its 
strengtb, whereas twice the depth gives four times the strength, 
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and twice the length equals nearly half the strength. Taking the 

16 feet beam above referred to, and calling W the breaking 

weight equal to 651 Ib. to one foot long one inch square, B the 

breadth in inches, D the depth, and L the length in feet, then 

WBD! 

(=) —(,LBD = г, 

or, in figures, an oak beam 16 feet by 5 inches by 5 inches, will 

have 4461 for the breaking weight in foot-pounds, one fourth of 
whieh only should be used in practice. 


x 
тохар = 5086 — (5595) = 4461 Ib. 


Timber beams to carry heavy loads are strengthened by iron 
ог trussing, so as to increase their rigidity, also frequently by 
cutting down, reversing, and bolting together, which from the 
principles already advanced, you will perceive must be next to 
useless, if it does not tend to weaken. Another method is to 
connect with it a more rigid material, as oak or iron. In the case 
of fir, or oak and iron, the calculation will be simple enough, 
merely by finding the sum of the strength of the two materials. 
In the case of trussing, whether above, below, or within the 
beam, the actual stren Bof the wood is increased by the separate 
strength of an iron truss, which on the top will be in tension 
and when at the bottom in compression, the strength of which 
will be hereafter described under trussing: the actual tie bar 
being replaced by the material of the beam in the place of a king 
truss the beam can only be equally strong throughout for a 
central load, therefore a queen truss is preferable where the load 
is distributed. 

The balance of framework may be commenced with two in- 
clined timbers, as the rafters of a common roof (strictly it 
requires not less than three timbers to form a frame, but the 
thrust of these are so closely connected with framework that 
I have introduced them here). The permanent or distributed 
weight on a roof is generally calculated at 40 lb. to the super- 
ficial foot and taken from centre to centre of trusses or rafters 
as the case may require. The two rafters are taken at 10 feet 
long, and at an angle with the horizon of 30 degrees. The 
weight each rafter bears is 400 lbs. First, as to the scantling 
required, which must be calculated for the proof load, or one 
fourth the breaking load, (I may add that this method of pro- 
ceeding applies to all beams on two supports when the weight 
to be carried is known) this makes the load to be calculated 
1600 1Ъ., and an inch bar of fir one foot long breaks with 450 lb. 
applied in the middle, therefore the following formula (as before 

С 450x Вх D? 
given) L 
bar 10 feet long and one inch square, doubling this for 2 inches 
the breadth of the rafter gives 82 lb, which multiplied by 9 
inchs deep or 4 equals 328 lb. by 3 inches deep or 9 equals 
738 lb, by 4 inches deep ог 16 equals 1312 lb., by 5 inches 
deep ог 25 equals 2054 lb., a little over what is required; there- 
tore 5 by 2 will be sufficiently strong for the rafters of a roof 
having a 10 feet bearing. Tredgold gives common rafters with 
a 12 feet bearing, 6 inches by 24 inches, which considering the 
heavy scantling generally given by him, the working out shows is 
a very fair approximation to the actual strength required. Now 
as to the actual weight upon the walls, the horizontal and the 
vertical thrusts. First, as to the direct weight, imagine the 
rafter divided into four equal parta, each representing 100 lb. 
Dividing it into pound divisions from the centre 5, let fall the 
perpendicular а 5, fig. 12, which will be the sine of the angle, 
and equal in length to "5 supposing the distance с b to be the 
radius, and equal to 1, from 5 as a centre transfer the length 
a b to d, which will make it equal to 15 or 2 the length of 
the rafter, therefore equal to 300 lb., which із the proportion 
of the weight upon the wall acting in the direction с 4, the 
remaining 100 lb. being the vertical weight or pressure from 
the apex or upon another support placed there. 

The amount of thrust the rafter would have upon the wall c 
will depend on the angle of the slope and the consequent leve 
You will observe, as shown on the diagram (fig. 13), that the 
greatest force required to hold the horizontal beam in ite posi- 
tion, by a weight at A, is greater than at any other angle; 
therefore the greatest tension and compression is exerted as the 
pitch of the roof becomes flat. The line AB represents half 
the total weight on any roof, DC will represent the tensile 


equals the breaking weight, or 41 Ib. for each 
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strain, and BC the compressive strain. This is known as а 
diagram of force, and, as you will observe, dependent on the 
parallelogram of forces. Referring to our former diagram, we 
require the thrust оп the wall—form а diagram of forces, and make 
ef equal to 800 lb, the total weight; then в А will represent 
compressive and А tensive strain, the horizontal thrust being 
equal toit. To confine the feet of the rafters, and convert this 
outward thrust into a vertical pressure, the tie or tension beam 
is connected to them by a notched joint, the force is then exerted 
to shear off the end piece, unless secured with straps; the 
resistance to the force is by the adhesion of the fibres of the 
wood to each other, the resistance to shearing being 650 lb. to 
the square inch, one-teuth of which only should be trusted, as a 
force suddenly applied acts powerfully in the shearing of 
the wood. 

In the ease of a king-post truss, the weight being ascertained, 
the former rules for finding tbe compressive and tensive trains on 
inclined timber are just the same—as the span is wider, the ties 
and principal rafters require supporting by struts and rods. 
When the truss is merely a triangular frame of three bars, the 
load is considered as concentrated at the apex, but when braced 
or strutted, so as to portion the weight equally at the junction of 
the braces with the rafters, this causes the compressive and 
tensive strains in the tie and rafters to become greater as they 
near the supports, and decrease to the centre. 

In an ordinary king-post roof, with a span of 30 ft. and a rise 
of 8 ft.—let the lines in the diagram, fig. 14, represent the centre 
lines of the timbers, with a total weigbt on the ridge of 20 cwt., 
to be divided on four bays of the rafters—giving 5 cwt. to each. 

To find the strains on the timbers, yon proceed as follows :— 
lat, the tie beam, determines the greatest, which will be nta a, 
and let the letters denote respectively—the rafter, half tie, and 


rise, L being the gross load—then tension or t = = at a; and 
t 


ł less at b; or calling N the number of bays N deducted from 


the first gives the strain on that portion, and so on for any more 
bays required. The compression is found in precisely the ваше 


с Е 
— = the strain on 


LP 
manner: C = — for the first, and C = R N 


2R 
the tension rod. 
To apply these rules to a roof of 60 ft. span, fig. 15, without 
intermediate supports—first find the angle with the horizon the 
roof is to be, say a rise of 20 ft., by which you find the length of 
the rafter—twice this, by the distance between the trusses, say 
9 ft. by 40 1b. per foot, or nearly 12 tons, without the weight of 
the trusses ; the rafters, 36 ft. long, have to be supported іш not 
less than four bays, giving them a 9 ft. bearing—how to obtain 
the scantling of them, as well as the purlins, has been described— 
the strains on the truss timbers then enable us to find their 
scantling. 
The tensive strain on the tie beam is equal to load x half the 
12X30 


span divided by twice the height =9 tons for the roof alone, 
pull or tension on the tie beam, and the strength of fir in this 
direction is very great, requiring about 5 tons to tear asunder a 
bar 1 inch square: therefore a bar having 12 square inches in it 
would be amply strong to resist the tension—it has though a 15 
feet, bearing, probably a heavy ceiling, loft, or floor to carry, 
allowing then 1 cwt. рег foot super for this, we have 30 tons to 
carry, multiplied by 4 for the safety load=120 tons. 

Тһе usual calculation for floors to carry a distributed load for 
general purposes is 1 cwt, per foot superficial ; then, taking the 
floor joists as 16 inches from centre te centre, and the bearings 
as 10 feet, we have 123 cwt. on each joist calculated in the usual 
way, as before given, we have then a groas weight of 130 tons to 
calculate for in strains. Taking for certain that the whole is in 
equilibrium, and all the strains neutralised and converted into 
vertical pressure—taking 8 inches for the thickness of the 
timber—what will the depth be? 15 ft. is the greatest distance 
between supports, represented by L or length in feet, B equals 
the breadth or 8 in., and 1°47 representa nearly 14 cwt., nearly the 


constant or strength of fir—then D equals = x 147=D 
з 


or 'P x 147 = 11025, or 11 for the depth. Let us now suppose 
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the central tension rod removed: 32 X 147 = 22°05, which would 

хене secondary trussing or otherwise strengthening, so as to 
uce the depth, or else increase the width. 

For the principal rafter—let the former letters apply as before, 


but change the constant to decimal 0:96 pr Х 096 = р, 8 


FIXO x096 = 9114 
giving 9 inches for the depth of the rafter, or 9х8. 

For a king-post you find the sectional area A, which will be 
equal to the length of the piece in feet by the span of the roof X 
decimal ‘12, or tensile constant І,8:12--А, 10X60x-12=72°00, 
then the breadth is equal to the area divided by the depth, and 
the depth is equal to the area divided by the breadth ; thus: 


equals the entire span—in figures it stands 


72 72 a> 
=5°S =8,andD= = =9, 


showing the king-post to be 9 X8: in the case of а queen-post, the 
tensive strain being divided in two parts, the sectional area can be 
smaller, or found Was :— the length of the queen-post multiplied 
by + the length of the tie beam, or that portion carried by it— 
А 497 or 10Х15Х:97 = 40°50, or nearly half the sectional 
area of the king-post. The straining piece eting entirely in com- 
pression, is found by extracting the cube root of its entire length, 
multiplied by 4 the span, and by ‘9 as constant, */ LS49=D, 
or depth, and the breadth by multiplying the depth by 7, thus 
we have 24/30 x 30Х:9 = 9:22, or depth, and the breadth by 
9°32 х'7=6:58. 

Lastly, the strats or braces are found by finding the square 
root of its entire length multiplied by half the length of the 
principal rafter it bears, and the width by multiplying the depth 
by ‘6, thus, А/П 8: О, and D'6—B, or 4/9x9x'8=8, or the 
depth, and 8 х6--48, or the breadth. 

n the case of a polygon roof, where the directions of the 
strains vary, and are 1n the line of angle, it is necessary to form 
a diagram of forces, Fig. 16, from which the different strains шау 
be measured or worked out in trigonometry. 

Imagine an ordinary curb roof, Fig. 17, whose rafters equal 10 
feet in length, and supporting 4 cwt. each, as shown at A BC D— 
1234 5 representing the joints or centres of resistance, from 0, 
as a centre draw four lines equal іп length to 4 cwt. (or another 
weight as circnmstances require), and parallel to the line of direc- 
tion of the given slopes, and represented by OA, ОВ, ОС, OD, 
ОЕ; join the extremities of those lines, and the sides 1 2 3 4 5 of 
the polygon figure will be equal to the forces applied at the jointa 
to hold them in, acting іп the direction of the arrows. If the forces 
applied act in a vertical direction, the polygon А B C D E merges 
into а straight line, the line AD, Fig. 18, representing the vertical 
force or thrust of the gross load, and OH its horizontal, the part 
AB, BC, CD, the vertical forces required at joints 1 2 3: if the load 


were unequally divided upon the two supports, the proportions : 


would be represented by DE, EA, the other forces being propor- 
tionate—if the tie E is omitted, the diagram of forces is shown by 
omitting the lines that represent the horizontal thrust; that is 
DE, ЕА, and OE for inclined forces, and OH for the vertical; 
the supporting forces being represented by DO, AO respectively. 
For this, and the rules on the polygon of thrusts, I am indebted 
to Professor Rankine. 

Gothic Roofs.—In the case of Gothic roofs, when the tie is 
fixed above the springing in the form of a collar, the thrust at 
the bottom is in some cases very great, and the roof requires to 
be patched and braced to enable it to stand without throwin 
over the walls, showing that a Gothic roof, however pretty anc 
attractive it may appear, is not so perfect in construction as the 
ordinary class of trussed roof. I do not wish to be understood 
that this class of roofs cannot be made perfectly sound with bolta, 
Straps, and braces when required to make them rigid, but it is 
opposed to the simplest and best laws of construction. 

The thrust on the wall of a plain rafter and collar roof, Fig. 
19, is not difficult to reaolve, for the total weight from the apex 
to the collar must be first ascertained by the methods before 
given, which forms the vertical of the diagram, and equal to half 
the weight of the upper part of the roof, or one-fourth the gross 
weight, when the collar is half the distance up, and proportion- 
ately for any other distance; then the triangle, a b c, represents 
the strains and thrusts on the upper part, which is considered as 
a secondary truss, but still acting in a line with the rafters ; 
half the lower part of the truss (without the tie beam), being 
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equal to one fourth the gross weight, is equal to half the above 
from a to b (because the vertical only represents half the diagonal 
of the parallelogram). The consequent strains at the springing of 
the roof are represented by the triangle а е d, supposing а 4 to 
equal three-eighths of the gross weight of the roof, or the force 
tendiug to throw over the wall at each sides ед of a d. 

In the next figure, 20, is given a more complicated form, with 
hammer beams, wall braces, &c. First form the diagram of 
forces for the upper part of the whole trusa, which, for simplicity, 
we will divide as before into equal parts, taking three-eighths the 
total load at once for the vertical. Draw ac paralel toa c, ce 
paralel to c e, and a d paralel to а d, then will the triangle a b c 
represent the forces at the springing of the roof; a c, a e giving 
the inclined strains, c b the horizontal strains, and a b three- 
eighths of the gross weight. The triangle a d e giving the strains 
on the upper part of the truss, you will observe the assistance 
given to the inclined thrust by the hammer-beam bracing, con- 
verting it into a vertical one, and reducing the horizontal strain. 
The curved braces certainly tend to strengthen the truss, but 
depend upon the cohesion of the material, bolts, &c. ; therefore 
not generally considered in relation to the direct strains, but 
properly secured in at the joints, and supposed to be straight ; 
the strain in that direction will be given by the line ce in the 
diagram cf forces. 

Arches and Walls.—If two cubes of stone (Fig. 21) be во 
placed as to touch another block half the size, ая in the sketch, 
the block 6 will be sustained by them, by reason of the in- 
equality of the granular surface or friction, with a force equal 
to twice its weight, its consequent tendency is to push the two 
outside cubes in a horizontal direction equal to that force: if 
a succession of these stones (Fig. 22) when placed together and 
supported at the ends, by an immovable abutment, we have 
an example of the peli areli or plate bande, if the span of 
the arch at top be divided into four equal parts, and we join 
а b, it gives the direction of pressure of the arch upon the 
abutment. If we construct a diagram of force upon the top, 
whose side d c equals a b and its length e d equal to half the 
spau of the arch, then if we suppose it to be of the same 
material as the stones of the arch, then it will be equal to 
the whole pressure on the abutmeut (a)in the direction а b. Again 
if the height be made equal to c b, the parallelogram e f, it will be 
equal to the horizontal outward thrust. Тһе resistance of a pier 
is of course dependent ou the direction of the force applied. Let 
the arrow in sketch (Fig. 23) represent that direction, for sim- 
plicity say an angle of 45% then supposing the resultant of the 
horizontal and vertical forces to be represented by that liue, they 
will be equal to each other, then the line of resistance in a pier 
or wall will be an hyperbolic curve represented by the dotted 
line in the direction of the arrow. Should the direction of the 
force not be at an angle of 429, let the dotted portion above the 
pier represent the proportion of the vertical (d e) to the horizon- 
tal forces (d с). From the centre of the pier set off a distance a b 
equal to the horizontal force d с; f then will be the centre of the 
hyperbola, aud the vertical fg will be its asymptote. The property 
of this curve being that it is always approaching but never 
touches its asymptote; therefore, while this line ia within the pier 
or wall, the line of resistance is, and no force in the direction 
aud quantity given can overthrow the mass. Supposing that the 
horizontal thrust to give the vertical outside the wall (as in Fig. 
24) it must be either reduced in height, or a buttress must be 
added to bring the line of resistance within the wall. Taking 
u b as before to represent the horizontal thrust, let fall the 
vertical b g, join b h, and draw a $ parallel to b А, and draw in the 
hyperbolic line d g, which will indicate the height of the given 
wall to resist that pressure, or the amount of buttress required 
to give the pier its requisite strength. lam sorry time will not 
allow me to pursue this subject further just now, as I have а 
little to say on arches. 

The friction of an arch stone is considered horizontal up to an 
angle of 30° from its springing, because a mass of stone will 
stand upon an inclined plane at that angle without moving 
down. Taking then a semicircular arch, with the stones con- 
taining 20° each. Stone 1, next the springing sustains itself 
оц & horizontal bed. Stone 2 is also considered the same, as it 
is under au angle of 30°. They do also resist a horizontal 
thrust equal to half their weight. Stone 3, being on a bed at 
40°, requires a horizontal force to maintaiu it in equilibrium, 
that will be found in theequation, that the force is to the weight 
us the line of 10? is to its cosine: . 
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W : T :: sin 10? : соя 10° 

and во on for the remainder. This will enable you to find the 
horizontal thrust of any arch, which if the piers are not cal- 
culated to resist, throws them out at the springing, and the 
arch in at the crown, causing it also to open at the haunches. 

Those wishing to pursue the subject of Arches, Piers, &c. 
will find them ably treated by Professor Moseley in Vol..6 of 
the “ Cambridge Transactions,” Rondelet’s * Art of Building,” 
and Rankine's “ Applied Mechanics,”  Tredgold, and Telford's 
memorandum book,—works to which I gratefully acknowledge 
шу obligations in the preparation of the foregoing notea. 
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ROYAL INSTITUTE OF BRITISH ARCHITECTS. 


Ат the ordinary general meeting of the Royal Institute of 
British Architects held on the 30th of April last, A. J. B. Beres- 
ford Hope, M.P., President, in the chair, the Royal gold medal 
for the year 1865 was presented to M. Digby Wyatt, F.S.A., of 
Tavistock-place, Tavistock-square, Fellow, and the other medals 
and prizes as follows:—To Mr. Charles Henman, junr., of Bed- 
ford-place, Croydon, the institute medal with five guineas; to 
Mr. Arthur Baker, of Inkerman-terrace, Kensington, the insti- 
tute medal; To Mr. M. H. Renault Mangin, of Nottingham-street, 
Beste park, the late Sir Francis E. Scott's prize of ten guineas; 
to ана . 8. Nightingale, of Parliament-street, the students’ prize 
in 8. 

The following paper was read at the meeting, by Prof. Robert 
Kerr, Fellow: “ Remarks ou the evidence of architects on the 
obstruction of Ancient Lights, and the practice of proof by mea- 
surement, with reference to recent cases in the courts of equity.” 
The discussion on Mr. Kerr's paper, to be commenced by Prof. 
T. L. Donaldson, past president, was adjourned till Monday, the 
28th of May. 

At the annual general meeting, held on the 7th of May, 1566, 
А. J. B. Beresford Hope, M.P., President, in the chair, the 
following office bearers were elected for the ensuing twelve 
months:—As President, A. J. В. Beresford Hope, M.P., Honorary 
Fellow; Vice Presidents, T. Havter Lewie, D. Brandon, J. Fer- 

usson; Honorary Secretaries, John P. Seddon, Chas. Forster 

ayward; Honorary Secretary for foreign correspondence, С. С. 
Nelson; Treasurer, Sir W. R. Farquhar, bart.; Honorary Solicitor, 
Frederick Ouvry; Ordinary members of Council, A. Ashpitel, E. 
М. Barry, A.R.A. Е.Р. Cockerell, J. Gibson, E. B. Lamb, E. 
Nash, Wyatt Papworth, J. Peacock, J. Spencer-Bell, A. Water- 
house, J. Whichcord, W. White, M. Digby Wyatt; country 
members, M. Е. Hadfield, Sheffield, В. M. Phipson, Norwich. 
Auditors, Е. H. Martineau, Fellow. Т. H. Watson, Aasociate. 
As examiners under section 33 of the Metropolitan Building 
Act, 1855, the three Vice Presidents, and Messrs. C. С. Nelson; 
A. Ashpitel, C. Fowler, jun., J. Gibson, J. Jennings, H. Jones, 
E. Nash, H. Oliver, J. W. Papworth, J. Spencer-Bell, J. Which- 
cord, G. B. Williama, S. Wood, and the two Honorary Secretaries. 
Votes of thanks were passed for the services of the President, 
Vice Presidents, Honorary Secretaries, Ordinary members of 
Council, and the other office bearera during the past year. 

At the ordinary general meeting held on the 2186 ult, David 
Brandon, F.S.A., Vice President, in the chair, a very interesting 

per on “Battle Abbey, and its conventual remains,” was read 

y the Rev. Mackenzie E. С. Walcott, M.A, ЕЗА. At the 
same meeting the chairman announced that the following letter 
had been received in reply to an application made by the Presi- 
dent to Sir George Grey, H.M. Secretary of State for the Home 
Department, at the request of the Council under the advice of 
their Honorary Solicitor, Mr. Frederick Ouvry. 


Whitehall, 18th May, 1866. 
Srr,—I have had the honour to submit to the Queen your request 
that the Institute of British Architects may be itted to assume 
the title of Royal; and I am to inform you that Her Majesty bas been 
grxciowly pleased to accede to your request, and to command that the 
nstitute shsll henceforth be styled the ~ Royal Institute of British 
Architects.”—I have the honour to be, Sir, 
Your obedient Servant, 
А. Beresford Hope, Esq., М.Р. (signed) G. GREY. 
It was explained that this title of Royal, though assumed by 
the Institute, was not granted by the original Charter, and the 
object of the application was to remove any doubt or difficulty 
on the subject. 
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ROADS AND RAILWAYS IN INDIA. 
By Sig Уплилыи Denison, K.C.B., Colonel, Royal Engineers. 
(Continued from page 138.) | 
MAINTENANCE. 


The next matter for consideration will be the cost of the 
maintepance of way, that is, the annual outlay required to main- 
tain the road in a state of thorough repair. 

This must, of course, so far as the macadamized road is concerned, 

depend upon the amount of traffic, while the quality of the 
materials employed will have some action upon the annual 
charge. А fair approximation, however, may be arrived at by a 
reference to the amount commonly allowed for maintenance upou 
the great trunk lines of road іп this Presidency, and Rs. 300, 
ог £30 per mile, would be considered sufficient for a road upon 
which the standard amount of traffic is conveyed. Тһе cost of 
repairs upon a road over which 1872 vehicles pass per day has, 
in an average of five years, amounted to £119 14s. 94. In order 
to be on the safe side therefore, I propose to allow £55 per mile 
for the maintenance of the macadainized line of road in thorough 
repair. 
On the railway for animal power an allowance must be made 
for the wear and tear of rails and sleepers. The actual wear of 
the rond itself will be very much less of course than that of the 
macadamized road, for the iron rail takes the action of the 
wheel; if, then, the rails and sleepers are renewed in twenty 
years, one-twentieth of the whole cost may be provided as an 
annual charge; and as this cost is £1700, one-twentieth of that 
sum will be £85. One-half of the ordinary sum of £30 will be 
sufficient to cover the cost of other repairs; so that 85 + 15 = 
£100 will cover the cost of the maintenance of the railway for 
animal power. 

The maintenance of way upon the railway for steam power 
must necessarily include an allowance for the renewal of rails, 
chairs, &c., and by taking the duration of these at twenty years, 
as in the railway for animal power, an advantage will be given to 
the locomotive line; as the action of the heavy engine, going at 
the rate of from 20 to 30 miles per hour, must wear away the 
rail much more rapidly than the light and slow action of the 
animal power. Assuming then 5 per cent. to be the annual 
deterioration of the rail and sleepers, and the cost, as on the 
Madras line, to be £3000 per mile, the annual charge for renewal 
of rails and chairs will be £150. 

The other items under the head of maintenance are grouped 
together in the returns, and the cost may be put on an average 
at about £100 per annum per mile, while the charge for superin- 
tendence may be put at £5. The cost of maintenance of way on 
the steam power line will therefore be as follows:—~ 


£ г d. 

Renewal of rails and sleepers 150 0 0 
Labour, ballast, &c. па 100 0 0 
Superintendence 127 5 0 0 
£255 0 0 


The annual charge upon the three descriptions of road, under 
the head of interest of capital and maintenance of way, will be 
shown in the accompanying table:— 


Railroad, Railroad, 

Macadamized road. Animal power. Steam power. 

Interest ... 37 10 0 181 7 0 600 0 0 
Maintenance 65 0 0 100 0 0 255 0 0 
Total £9210 0 £231 7 0 £855 0 0 


TRACTION. 


Having thus arrived at the cost of constructing the different 
lines of road, as well as that of maintaining them in a good state 
of repair; all that remains to be done is to determine the actual 
cost of traction upon each. To do this, however, would involve 
the solution of a variety of very complicated questions. It will 
be far more simple therefore to show, for the ordinary roads 
and for the existing railroad, the actual charge for the convey- 
ance of passengers and goods. In the case of the railway, the 
returns show the actual charge for locomotive power under 
several different heads; while on the macadamized road the con- 
tract price per passenger or per ton of goods includes not orly 
the charge for power, but a variety of other items to which I 
shall allude hereafter. 
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With reference to the railway for animal power, I propose to 
submit a detailed estimate, on a liberal scale, of the cost of 
working it, as in this country I cannot obtain any direct infor- 
mation to guide me. 

The cost of conveying goods upon the ordinary roads has been 
shown to be 3jd. per ton per mile. This sum includes the in- 
terest upon the first cost of the vehicle and the cattle; the main- 
tenance in repair of the vehicle; the maintenance of the cattle, 
and the hire of the persons employed to drive them; it will also 
include a premium of insurance upon the carriages and cattle, 
80 that they may be replaced in case of destruction or death by 
accident or disease. It also includes, or should include, some 

remium of assurance against the risk incurred asa carrier who 
is responsible fur the goods under his charge. In addition to 
all these, it must include such a fair amount of profit as the 
contractor has & right to expect, besides the simple interest on 
his capital. 

Тһе charge of conveying first-class passengers may be put at 
6d. per mile. This is arrived at by taking the cost of conveyance, 
by the Transit Company, from Tripatore to Bangalore, а distance 
of 80 miles; the transit is capable of accommodating two persons 
inside, and а servant on the box by the driver. Each person 
may take 40 lb. of baggage, and the total charge by the company 
is Ка, 40, or 80s., that is ls. per mile, or 6d. per each passenger. 

A class of passengers analogous to the tbird-class on the rail- 
way is conveyed to and from places in the vicinity of Madras, at 
a reasonably rapid rate, in vebicles drawn by bullocks or ponies; 
each of these vehicles is capable of containing four people, and 
the rate of charge varies from 21d. to 3d. per mile for the whole 
vehicle; taking the largest sum, the cost per mile for each pas- 
senger would be а; but it would be safer ќо estimate the average 
coat at ld. per mile per nger, and this may be taken as a 
fair charge for such work in any part of the Presidency; as the 
Madras prices are probably in excess of those of the country dis- 
tricts. The cost then of conveying 3220 first-class and 152,000 
oe passengers, and 32,000 tons of goods, will be as 

‘ollows:— 


£ s. d. 

3,220 at 6d. = 8010 0 
152,000 atld. = 633 6 0 
82,000 at 334. = 600 0 0 


Total £1313 16 0 


The returns for the North West Railway, for the same amount 
of traffic, exhibit the expenditure under the various heads of 
classification, as shown in the following table:— 


£ s d 
Locomotive department ... 1906 5 9% 
Fuel да Me 32% 3054 12 0 
Coaching оо... .. 1959 1 Of 
Tickets — ... 52% cts ES soy 12 2 4 
Repair of vehicles ... = m - 116 2 5% 
Electrio telegraph Ди T Ее 190 
General charges... E. 17 6 6 


Total 46476 18 6% 


This sum, divided by 41:25, the length of the line, will give 
£157 0s. 33d. as the cost of conveying the whole of this traffic 
over one mile of railway. No attempt is made to distinguish 
the actual cost of conveying the different classes of passengers ог 
goods; in fact any attempt of the kind would merely be a matter 
of guess work. e above шау be taken ав fucts, which do not 
involve any calculation. 

I have now, however, to form an estimate of the coat of con- 
veying the same quantity of goods, and the same number of 
passengers, along a railway by means of animal power. 

The number of first-class passengers has been put at 3220, or 
roughly, 10 per day, or 5 ad way. То convey tbese, one first- 
class carriage would be required, which would travel at the rate 
of 10 miles per hour. It would be drawn by two horses,* and 
would be capable of accommodating 16 passengers. The dis- 
stance of 41:25 miles would be divided into five stages, each pair 


* Capt. Yule says in his Project, &c., “ draft horses for such а рагрове can searcely 
be said to cxist in India, and we must therefore look to oxen.” It would have been 
well perhaps if this objection so often stated, had been met in the present year. In 
the Punjab the Cabul horses, though emall, are excellent for draught, and could be 
rocured well under the estimated price, probably for Ra. 800 each. Bnat the supp 
very limited, and in the N. W. Provinces, good dranght horsea, able to do hard мог! 
at a fair speed, are unknown, It is to be noted, hewever, that it is only the passenger 
trafic which is to be conveyed by horses, 
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of horses going a stage out and a stage back, or about 16 miles 
per day; a spare carriage would be required, and a spare pair of 
orses. 
The capital expended would be— 


£ £ в 4. 
3 Carriages ... at 250 = 750 0 0 
12 Horses... 52% at 45 = 540 0 0 
10 Sets Harness at 10 = 100 0 0 


Total £1390 0 0 


152,000 second-class passengers divided by 365, will give 416 as 
the daily number conveyed both ways. It will, however, be 
necessary to reckon upon some extra pressure occasionally; and 
carriage accommodation must be provided for, say 240 each way, 
or 480 altogether. Each carriage will contain 30 passengers, and 
will be drawn by two horses at the rate of about 6 miles per 
hour; travelling the same distance as the horses drawing the 
first-class carriages. 

The total number of carriages and horses required for the 
actual work will therefore be 16 carriages, and 80 horses; but 
it may be as well to estimate for 20 carriages and 100 horses. 

The capital expended, then, upon rolling stock and animal 
power will be— 


£ £ s.d. 
20 Carriages at 250 — 5000 0 0 
100 Horses А at 40 = 4000 0 0 
16 Seta Harness at 10 = 160 0 0 


Total £9160 6 0 


32,000 tons of goods may be put at 100 tons per day, or 50 tons 
each way. 

Three tons may be allowed for each truck, and 34 therefore 
would be required; each would be drawn by 3 bullocks, 6 extra 
trucks might be allowed to meet casualties; and a few extra 
bullocks should be purchased. As the daily journey of a bullock 
may be put at ten miles, the distance of 41:25 would be divided 
into four stages; so that 12 bullocks would be required for each 
truck, 40 х 12 = 480, would be in daily use, or say 500 to cover 
contingencies. 

The trucks ought not to cost more than £100 each, and the 
bullocks £15 the pair. 

The capital, therefore, expended пров the rolling stock and 


animal power for the goods traffic will be— 
£ s. d. £ s. d. 
40 Carriages ... К at 100 0 0 = 4000 0 0 
500 Bullocks ... m at 710 0 = 3250 0 0 


Total £7250 0 0 


The total amount of dead and live stock required for the con- 
veyance of passengers and goods along a railway worked by 
animal power would be as follows:— 


£ ва 
First-class passengers 1390 0 0 
Second-class do. "S oe 9160 0 0 
Goods aes ee қы 225 a 7250 0 0 
Total £17,800 0 0 
Say £18,000. 
The annual charge may be estimated as follows:— 
£ £ в а. 
Interest upon £18,000 at 5 рег cent. = 900 00 
Wear and tear of carriages and repairs, 
15 per cent., on Еу eee .. 9750 = 1462 10 0 
Cost of re placing horses and bullocks, 15 
рег cent., оп ... E EN .. 7790 = 116819 0 
Repairs and re-placing harness, 20 per 
cent., on V As 522 25% 260 = 52 0 0 
Keep of 112 horses, at £21 each... = 2683 0 0 
Keep of 500 bullocks, at £8 each = 4000 0 0 
Hire of 20 coachmen, at £50 each Me = 1000 0 0 
Hire of 166 bullock drivers, at £10 each = 1660 0 0 
Repairs of stables, at 5 per cent, оп ... 2,000 = 100 0 0 
Telegraph, &c., charges as on locomotive 
ше ... M zi 455 Да = 11 9 0 
General charges, including clerks, &c. = 44211 0 


Total £13,485 9 0 
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This sum, divided by the total distance of 41:25 miles, will 
give Ше charge per mile for traction £302 12s. 104,“ and the 
general comparison between the cost of conveying the standard 
number of passengers and tons of goods per mile, on the three 
kinds of road, will be aa follows:— 


Railroad, Railroad, 
Macadamized road. Animal power. Steam power. 
£ s. d. £ в. d. £ a.d. 
Interest 8710 0 1317 6 .. 600 0 0 
Maintenance des 55 0 0 1000 0 .. 255 00 
Cost of working 1313 16 0 802 12 10 157 0 33 
Total £1408 6 0 £534 0 0 £1012 0 33 


T have, іп calculating the cost of working the animal power 
railway, made an allowance for a variety of extra expenses; and 
I feel confident that the sum shown in the above table will be 
ample to cover the whole cost of working the line, and of paying 
an interest of 5 per cent. upon the capital expended. Under 
these circumstances, it is evident that, until upon any given line 
of road the amount of traffic very far exceeds that which 
over the North West line of railroad in the first half of 1863, it 
will be far cheaper to employ animal power than steam, in the 
movement of passengers and goods. 

It remains to be seen what charge it will be necessary to im- 
pose upon the traffic, ic order to cover the whole of the charges 
upon the road; namely, interest of capital, maintenance of way, 
and cost of transport. An analysis of the cost of conveying the 
different descriptions of traffic will show that the following is 
pretty nearly the ratio of the outlay upon each 

First-class passenger ... 4 us 
Second-class do. ... дез E 430 
Goods % 504 


and if the wholecharge of £534 per mile be divided in these рго- 
portions between the different heads of traffic, the charge upon the 
first-class passenger must be such as would return £35 4s. 1044.; 
that upon the second-class, such as would yield £229 12s. 434., and 
that upon goods such as would give £269 2s. 844. Now the charge 
of £35 4s. 1034., divided by the number of first-class passengers, 
viz., 3220, would give 9:6 pence as the charge per head per mile. 
In the ваше way, £229 128. 444. divided by 152,000, the number 
of second-class passengers, would give 1°38 farthing, as the exact 
charge per head per mile; while £269 25. 834., divided by 32,000, 
would give 2:018 pence as the charge рег ton per mile. А first- 
class passenger, however, might very fairly be charged at the 
rate of threepence per mile, and a second-class at a half-penny, 
while the charge for goods might be put at 134. per ton per mile; 
at these rates, with the standard amount of traffic, the gross 
returns would be £556 18s. 44, or £22 188. in excess of the 
amount shown above to be sufficient to cover the interest of 
capital, maintenance of way, and cost of conveyance. Provision, 
however, has been made for the conveyance of upwards of 
11,000 first-class passengers, 190,000 second-class, and 44,000 
tons of goods without any extra charge; and should the traffic 
increase to this extent, the returns of the rate mentioned above 
would be— 


066 


£ s. d. 
First-class passengers .. 137 10 0 
Second-class do. 395 18 8 
Goods ... E 275 0 0 


Total £808 6 6 


And the profit upon the capital expended (which, at the rate of 
£2627 per mile of road for construction, and £18,000 — 41:95 
or £436 for live and dead stock, would amount to £3063) would 
not be less than 13 per cent. 


b Capt- Yule’s estimate per mile for a cattle draught line, із only Rs. 1317, of 
which Rs. 140 are charged to maintenance of way (not included ours Rs. 430 to 
wear and tear of rolling atock; Rs. 374 for hire of cattle, and the same for establish- 
ment; thc cost per ton per milo being reckoned at 0'7 anna. Mr. Hardy Wells in his 
report on the same line, estimated the draught expenses per mile of a horse railway at 
Ез. 5650, and of a bullock linc at Кз. 6861. 

The great difference in this last estimate is in the number of animals estimated for, 
2000 horses or 4000 buliocks for а line of 110 miles in length, being double the num- 
ber set down in the present eatimate for a similar length. Mr. Wells’ calculation is 
for 105,000 tons of goods, nnd 224,000 passengers, yearly; each passenger ia reckoned 
at 8 mds. = 240 Ib. probably to include his baggage. The cost, therefore, of baulage 
per ton per mile, would be 077 аппа for horses, and 0'8 аппа for bullocks. 1t is to be 
noted, however, that these estimates do not include any charge for the interest on 
the dead and live stock, which is probably considered to form a part of the whole 
ага DENS the present pen 4 ceting ВИЕ Наи and dividing the annual 
cost by the traffic, the cost per ton mile wi 0°75 [anna, showing a striking адтес- 
mont ците the three estimates, considering that all are worked out on totally 

erent data. 
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The fair conclusion to be drawn from what has been stated is, 
that with an amount of traffic larger than that which is likely to 
pass over most of the feeders of the railways now in progress, a 
railway worked by animal power would be a much cheaper mode 
of communication than either a macadamized road, or a railway 
worked by steam power. 

If, however, this would be the case when the traffic ia already 
heavy upon the line of road, the advantages of animal power 
over steam would be still more marked when the traffic is com- 
paratively light, and requires to be developed gradually. A rail- 
way worked by steam must be provided with engines of power 
sufficient to drag the largest train over the steepest gradient on 
а line; and though the consumption of fuel is, to а certain extent, 
e ERE to the load the engine has to convey, yet, as this 

is in very great measure composed of the dead or unpro- 
fitable weight of engines and carriages, the saving of fuel is not 
very great; while the other items which make up the working 
expenses are in great measure independent of the load, and form 
a mileage charge. 

With а railway worked by animal power the case is different; 
here the power required ia strictly in proportion to the load; no 
more horses or bullocks are kept than will be sufficient to meet 
the demands of the public for conveyance; and if these demands 
are casual or intermittent, arrangements cau easily be made to 
meet the casual portion of the demand without the expenditure 
of eapital, or the imposition of à permanent charge upon the 
promoters of the Іше of railwav. Again, the power of a locomo- 
tive engine must be proportioned to the maximum effort it has 
to make; that is, it must be competent to оуегсоше the steepest 
gradient in the line with a full train behind it; it must, therefore, 
have an amount of power more than sufficient to do the work of 
the more level portions of the lines in fact, it is necessary to have 
an engine of 100 horse power, which it might have to exert for 
a mile or two, while an engine of 50 horse power would be amply 
sufficient to do the remainder of the work. 

This is not the case with a railway worked by animal power. 
If there be a hill too steep to be surmounted by carriages drawn 
by the ordinary team of horses or bullocks, the simple plan is to 
have a spare pair at the bottom, to help the carriages over the 
hil. This, however, will seldom be necessary with horse teams; 
for à horse has а reserve of muscular energy, which enables him 
to exercise for а short time a much greater amount of power 
than is wanted for his ordinary work. 

It is not, of course, probable that the ratio between the pas- 
scugers and goods traffic, which І have assumed as the standard 
for calculation, will obtain upon ordinary branch lines. The 
passengers' traffic will be less than the standard, while the goods 
traffic will exceed it; looking, however, to the fact that I have 
estimated the cost of the rolling stock and the animal power at 
a high figure, and have been very easy іп my demands upon the 
animal power, it is more than probable that, when worked by a 
company or an individual, the charge of 144. per ton per mile 
will be found sufficient to cover all expenses, and to give an in- 
terest upon the capital expended of at least б рег cent. 

І think, then, that I am justified in applying, to by far the 
larger number of branches from the main line of railway in India, 
the following conclusions:— 

1. That the cost of transport upon а macadamized road is 
largely in excess of that upon a railroad, whether such railrcad 
be worked by animal or steam power. 

2, That the actual cost of steam power is much less than 
that of animal power upon railroads, but that this cheapness is, 
with a limited amount of traffic, more than compensated for by 
the increased cost of construction and maintenance of the rail- 
road worked by steam. 

3. That the circumstances of the country are not such as to 
admit of so large a development of traffic upon the branch lines 

‘of railroad as would compensate, by the saving in the cost of 
motive power, for the increased charge under the heads of 
interest of capital and maintenance of way consequent upon the 
adaptation of road for steam power. 

4. That, as a general rule, it would be far cheaper, and there- 
fore more advantageous in every respect, to construct the branch 
lines of railway with a view to their beirg worked by animal 
power. 
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ON THE CONNECTION OF PLATES OF IRON AND 
STEEL IN SHIPBUILDING, ESPECIALLY SUCH AS 
ARE SUBJECT TO SUDDEN TENSILE STRAINS. 


Вт NarHANIEL Вакхлвт, Assistant Constructor of Н.М. Navy. 


Мосн yet remains to be done to make iron shipbuilding a 
perfect art, and there is perhaps no one step remaining to be 
taken in the path of improvement more important than that of 
substituting а simple and efficient means of joining plates by 
welding, should it ever be discovered, for the present system of 
rivetting. The loss of strength eaused,by the present system is 
considerable in iron, but appears to be still more serious in steel. 
It forms, in fact, the great bar to the introduction of this most 
promising material into ships of war. I may give, as an illustra- 
tion of this, one or two of the many experiments which have 
been made by the Admiralty at Chatham Yard on Bessemer 
steel of the best quality. А piece of steel 4 feet long, and 12 
inches broad, was cut from a half-inch plate, of which the proof 
strength was 33 tous persq.iuch. This piece was reduced to 
5 inches in width at the middle, was supported at the ends by 
square plates rivetted to it, and was carefully centred. The 
plate should have broken at 82} tons, and through the 
narrow part. It actually broke at 951 tons, and then, strange 
to say, broke through the wide part of the plate, tearing away 
through the rivet holes. Thus while the material in the middle 
of the plate withstood a strain of 38 tons per square inch, it 
actually broke through the holes at 16°38 tons per square inch, 
or less than one-half the strain. In a precisely similar plate, 
differing from the other only in the fact that the rivets connect- 
ing the end pieces were 14 inch from the edge instead of 24 
inches, the plate broke in a similar manner at 73 tons, 
which is only 15 tons per square inch of the section of steel 
broken. The holes in both these cases had been punched, and in 
order to ascertain whether these curious results were due to the 
injury supposed to result from punching, an exactly similar 
arrangement of plates was again tried, in which the holes were, 
as in the first 2} inches from the edge, but were drilled instead 
of being punched. The plate then broke through the narrow 
part at 10675 tons, or 47°53 tons per square inch of the 
steel broken. I do not propose to draw here any inferences from 
the experiments detailed, or from the series of which they form 
part, further than this, that all which I propose to say con- 
cerning the necessity of bestowing greater attention on the 
comparative strength of different modes of connecting plates 
iutended to give tensile strength, is even шоге applicable to steel 
than to iron. Admitting, then, that for the present, at least, we 
must be content to connect iron plates by rivets placed in holes 
punched or drilled out of the material, and therefore by the 
sacrifice of a considerable portion of the strength of the plate, 
it is manifestly the duty of the engineer and shipbuilder to study 
to make this connection with ag little sacrifice of strength as 
possible. 

In every such connection 
plates across the ошег line 


the tensile strength of the 
of holes, of the butt strap or 
straps across the inner line of holes, and the resistance of 
the rivets to shearing, should be all equal. Two plates may 
be connected, for example, by butt straps, so as to reduce 
the strength of the plate by one hole only. Тһе strength 
of the several parts has іп this case been estimated on the 
assumption, verified by careful experiment at Chatham, that the 
shearing value of 3 Rowling rivet, including friction, and taken 
singly or in conjuuction with others, is 10 tons, aud that of 
rivets or other diameters is in proportion to the squares of the 
diaineters; also, that the tensile value of tlie iron between the 
holes is reduced in proportion to the number of the perforations, 
and that this reduction is about 25 per cent. when the holes are 
punched three or four diameters apart. This description of butt 
strap is of no value in shipbuilding, because the stringer and tie 
plates, to which it might otherwise be applied, have to be per- 
forated between the butts by rows of holes to connect them with 
the beams. In such plates, in order to economise material, it is 
therefore desirable to reduce the amount of fastening at the 
beams as much as possible I do not think it necessary to 
punch away for this purpose more than } of the iron; the re- 
maining strength of the iron would then probably be $ x § = 
jths of the whole, so that the straps connecting them should also 
give Iths of the full strength of the plates. Апу greater strength 
at the butts would, of course, be thrown away. If the butt 


16% 


strap has to be caulked, this proportion of strength cannot be 
retained, as the rivet holes must then be placed nearer together. 
Let us take, for example, the connection, by means of a butt 
strap, of two plates, 2 inch thick and 12 inches wide, in which 
the rivets are 1 inch diameter, and are spaced three diameters 
apart. Then we punch out 4 of the iron, reduce the strength of 
the remaining iron about one-fourth, and have left only 4 
X }=4. The tensile strength of the plate at 20 tons to the 
inch is 180 tons, and the tensile strength through the holes 
about 90 tons. If the connection is made by means of a single 
Btrap, the value of the rivets will be about 71 tons; and if by 
a double strap, 142 tons. No appreciable advantage could be 
obtained from a second row of rivets in this case, unless the 
spacing along the edge could be increased. If the rivets are 
no nearer together than necessary for caulking, a second or 
third row could give no advantage, except in enabling us to 
reduce the thickness of the butt straps to less than the thick- 
ness of the plate, by reducing the number of rivets in the inner 
row where the butt straps are obliged to break. None of these 
considerations are new, but they have been so much neglected 
that those who are familiar with them will, I hope, justify me 
in thus restating them. But there are certain other considera- 
tions equally important, which have, I think, altogether escaped 
the notice of shipbuilders. 

Let ns suppose that we have a stringer or tie plate, the 
strength of which is, at the beams, and at the butts, 5 of the 
full strength of the plateas, and that we have no means of in- 
creasing the strength at these points. Have we any means by 
which we can, without altering the strength at ihesa points, 
increase the tensile power of the plate? I think the answer 
would generally be, we have not—the strength of the tie will 
be measured by the strength of the weakest place, and this 
strength is fixed. 

Now what I want to show is that this is not the case, and 
that we have overlooked an important element of strength, 
which is conducive to economy of material. Take the case of a 
stringer or tie plate crossing a number of beams, say 
3 ft.6 in. apart, at each of which the strength is reduced to 
ithe of the full strength of the plate. If this plate is brought 
under the action of a steady strain it is a matter of indifference 
practically how many such points of wenkness there may be, and 
how much stronger the material may be lying between the weak 
points: But when strains are suddenly applied, we liave to cou- 
sider not only tlie number of tons required to break the weakest 
section, but the amount it would stretch before breaking. It 
із, in fact, the work done in producing rupture, viz., the force 
applied, multiplied by the distance through which it acts, which 
із the true measure of the resistance to rupture. Under these 
circumstances no elongation will take place in the strong parts 
of the plate lying between the beams: it will all be thrown on 
the weak points; and if any one of these be weaker іш апу sensi- 
ble degree than the rest it will be confined to that point. This 
being the case a large increase of power may be obtained by 
reducing the strength of the plate between the weak points to 
the streugth at these points, or even to less than this, provided 
we get long spaces of uniform strength to give elongation. 

To illustrate this I beg leave to refer you.to some experiments 
made at Chatham with armour bolts, with reference to а pro- 
posal of Captain Palliser's. Тһе proposal was to apply to armour 
bolts, having screws cut on them, the well-known principle that 
the bolts would be strengthened at the screw thread, and becoine 
less liable to break аба sudden jar, if the bolt, or a portion of 
it beyond the thread, were reduced: in section to the same area 
as the iron left uncut at the thread. 

The experimeuts referred to, made under my own careful 
observation, showed— 

1. That irou bolts of good quality aud of uniform diameter, 
subjected to a steady increasing strain, elongate before breaking 
about one-fifth of their original length. 

2. If the diameter is not uniform, but is decreased through a 
portion of the length, then the reduced part elongates about 
one-fifth of its length before breaking, and the larger portion 
scarcely stretches at all. 

3. If this reduced part is very short, as in the thread of a 
acrew, the strain required to break the bolt is the same per пей 
of the unstretched or original section as in the previous cases, 
but there is scarcely any elongation before rupture. 

4. If the whole length of the bolt is made to the reduced 
diameter of the acrew thread, so that the thread projects from 
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the bolt, the breaking strain (gradually applied) is the same as 
before, but ав the bolt will stretch one-fifth of its length before 
breaking, it becomes thereby less liable to rupture by a sudden 
blow, because, as already atated, the work done in producing 
rupture is in proportion to the weight or strain applied, multi- 
plied by the elongation or the distance through which it is 
applied. 

The details of one portion of these experiments were as fol- 
lows:— * 

Four bolts were taken, all made of best-selected scrap iron, 
for the purpose of the experiment, and all of the same diameter, 
viz., 2} inches; screw threads were cut in the ends of these, 
and nuts fitted. The other ends were formed with heads, leaving 
a length of 21 inches between the heads and the nuts. The 
four bolts being thus as nearly alike in every respect as they 
could be made, two of them were reduced down on the anvil 
for a length of inches in the middle of their length, to a 
diameter of 14 inch, which was the same as that of the iron 
remaining within the screw threads. The other two bolts re- 
tained the full diameter throughout. They were broken in the 
hydraulic press, with the following results, which are also shown 
in the accompanying photegraphs:— 


Breating} Sq. inch | Tons рег Elongation. 
Strain | in Sec. | sq. in. of Where broken. 
in Tons. | broken. | this Sec. [In 5 in. In 16in'In 21in 
Bolts not 
reduced 
No.1 ...| 63 276 | 228 | МИ. I } At thread 
No.2 ..| 69 276 | 950 | МИ. |} bare Ditto 
Bolts re- 
duced 
No.1...) 64 | 167 | 38°33 | $ | 19 | 14 |In reduced part. 
No.2 ..| 655| 207 | 31°58; 4j | 1 | là Па reduced part, 
butattheshould- 
er where there 
' was a slight de- 
fect. ; 


The fact that the strains of greatest magnitude іп а ship are 
sudden in their nature, makes the principle under consideration 
one of no slight importance, because we see that by its appli- 
cation we are able to increase the time during which a given 
force must be applied in order to produce rupture. 

As the material is disposed at present in iron decks, and 
stringer and tie plates, the plates are perforated in the lines of 
the beams, not only by the holes required for the riveta to 
attach the plating to the beams, but by the deck bolts which 
secure the wooden deek lying on the iron plating. The loss 
from the iron punched out, and the weakening of that which 
remains, amounts, on the whole, tofrom 30 to 40 per cent. of 
the original strength of the plates. These lines of weakness 
occur at intervals of about 3 ft. 6 іп, and between them 
the plate has its full strength, except where a butt occurs. The 
consequence of this із that, when the deck is put in teusion, the 
stretching is confined to these weak places, and the amount of 
work which the whole combination is capable of doing before 
rupture is extrémely limited. “Іп order to remedy this state 
of things, I propose to remove all the wooden deck fastening 
from these weak places, and put it on either side of the beam. 
The number of rivets for attaching the plating I also pro 
to reduce. By this means a strength of plating is obtained 
across the lines of rivetting of about three-fourths of the fall 
strength of the plates. The next thing to be done is to rednce 
the strength of the plating between the beams to the same 
amount, This might be done by cutting holes in the plates; 
but instead of this [ propose to to omit the butt straps, and to 
arrange the plates so that in each of these spaces there shall be 
A continuous series of butts and plates in the proportion of one 
butt for every three plates. In addition to this reduction of 
material, I propose to leave intervals between the butts of about 
one-third the distance between the beams, so ав to get long 
spaces of uniform strength between the beams. The length of 
the intervals between the butts will be determined by the 
number of rivets which can be'placed in the edge of the butted 
plate between the beam and the butt, as there must be 
sufficient to break the plate across the beam. А short piece of 
edge strip on the under side doubles the shearing value of the 
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rivets, and allows about one-third of the distance between the 
beams to be omitted. 

Тһе advantages of one system over the other are, I think, 
the following:— 

1. In the ordinary system one-fifth or one-sixth of the iron 
is punched away: by that proposed only one-ninth or one-tenth 
is punched out. There is from this cause a gain to direct 
tensile strength, to which must be added an increase of strength 
in the iron between Ше holes. These are togother equal to 
about 12 per cent. 

9. The strength of an iron deck under compression is limited, 
not by the area of section, but by its resistance to buckling 
between the beams.  Acoording to the ordinary mode this is 
very small, since it is quite free to hend downwards between 
the beams. But by spacing the deck fastening, as shown, at 
intervals of about 9 feet instead of 3 ft. 6 in, the ten- 
dency to buckling would be reduced. The wooden deck would 
thus, both by ita own direct resistance to compression, and by 
the support it gives to the plates, play a most useful part in 
compression, although it is powerless as against extension when 
in connection witb iron. І therefore conclude that no loss of 
compressive strength is incurred by the holes in the plates. 

3. All the holes for receiving the deck fastening may be 
punched, whereas if the fastening is in the beam flanges, the 
holes for them must be drilled either in the plates or iu the 
beams. 

4. The expense of cutting, fitting, punching, and rivetting 
butt straps is avoided. Where the material employed is steel, 
the gain is more considerable, as all the holes in the butts of 
the plates and iu the straps have to be drilled to prevent the 
injury done by punching. 

5. The weight of material omitted at the butts amounts to 
one-seventh of the whole material employed. 

6. There is а gain in strength against injury and rupture by 
the action of sudden forces, the amount of which is not suscep- 
tible of calculation, but which, being in pen to the extent 
of the spaces of uniform strength which have been introduced, is 
I think very considerable. 

The novelty of this proposal may be said to consist in so 
arranging the iron or other metal plates forming the flanges of 
girders, bridges, and other structures, or employed in decks, 
partial decks, stringers, or ties in a ship or vessel, as to make 
the tensile strength of the unperforated plates intervening 
between adjacent butts equal or nearly equal to the strength of 
the said intervening plates taken i aii with that of one of the 
butted plates where they are perforated, i.e, across the row of 
holes made for the purpose of attaching the plates to the beams, 
angle irons, stiffeners, or other iron framing, and by this means 
rendering the use of butt straps in such combinations unneces- 
sary. Та other words, a section through the plates between the 
beams ог stiffeners is made to have, without butt straps, about 
the same tensile strength as a section through the fastening at 
the beams or stiffeners, for the purpose of forming spaces of nni- 
form tensile strength not greater than that of the weakest place 
in the combination. In those intervals elongation will take place 
(to an extent depending on their length) before the materials can 
be ruptured, во that an increased amount of work will require to 
be done by the operation of a given strain in producing rupture. 
Also, in increasing the resistance to rupture under sudden strains 
in single plates, by reducing the tensile strength throughout 
certain intervals between the beams, angle irons, or stiffeners, 
and approximating to that at the beams, angle irons, or stiffeners, 
by cutting out portions of the plate. 

Таш aware that iron decks are not used in merchant vessels, 
although they are in all iron war ships built for the Admiralty, 
and I consider it to be false economy to substitute, for such 
deck or decks, stringers on the ends of the beams, tie plates near 
their middle, and diagonal braces between them; aa I think it 
clear that from the round up to the beams, and other, causes a 
considerable portion of this material is unable to succour the 
reat when the top of the ship is put in tension or compression. 
The strength of wrought iron in extension aud in compression is 
about the same, yet the bottoin of the ship is usually made 
enormously stronger than than the top. Some iron ships, in- 
deed, have no proper top, or only a wooden one. Much of the 
strength of the bottom, wbich might otherwise be made avail- 
able іп giving oues па to the ship, considered as a floating 
girder, is thus wasted. 

I indulge the hope that the economical considerations pointed 
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out may be not only useful in lightening and strengthening ships 

designed for war, but in inducing private shipbuilders to intro- 

duce partial iron decks so formed into ships designed for com- 

merce. I may, perhaps, be allowed to add in conclusion that 
o 


these proposals do not form the subject of any patent. 
—_ 
ON THE SAFETY AND SEAWORTHINESS ОҒ 
VESSELS. 


(Continued from p. 128.) 

Мг. W. бімонв agreed with Mr. Smith that the topgallant fore- 
castle was а very bad place for the crew. Не thought that all the 
Atlantio steamers should be fitted with spardecks for safety; but he 
apprehended that something more was required. If marine insurance 
were abolished they would have з better class of steamers trading either 
to America or India. Не believed if this were the case shipowners 
would spend more money on the construction of their ships, and they 
would have stronger vessels. For instance, it was well known that 
the loss of the Amalia, built on the Clyde, and the London, built on 
the Thames, astonished everybody but those who knew the reason why. 
He waa of opinion that the London was 12 feet too narrow, that she 
ought to have been formed on a different construction altogether; and 
that if her owners had been her insurers she would have been a different 
vessel altogether. A ship for passenger service ought to have vertical 
beams, with diagonal stringers both above and below deck. He was 
of opinion that the London would have been a much stronger vessel 
if her stanchions in the centre had been like those of 4 lattice girder 
bridge, instead of vertical. Then, again, the London had long plates, 
and perhaps as many as 500 vertical joints, whereas in в wooden 
vessel of her size there would perhaps not have been above one-tenth 
of that number. His impression was that those joints gave way; and 
that in his opinion was the cause of the vessel foundering. 

Мг. В. Ввосв BELL asked whether that was merely a matter of 
opinion on the part of Mr. Simons, or was there anything in the evidence 
to show that the veasel had strained herself, as Mr. Simons had assumed? 

Mr. Simons believed that the cause of the loss of the London was 
quite conjectural; but his opinion was, that enough of water could not 
have got down her engine hatch to cause her to founder, but that she 
gave way ая he had indicated. 

Mr. MANSEL said that the London was very dep in the water to 
begin with, and she shipped a good deal of water, and sat down by the 
stern. She got the dead lights in her stern broken by the waves, and 
consequently would ship а deal of water there. Whenever the 
stern lights were staved in, the water had free access to the cabin below 
by a large opening 7 feet by 4 feet in the poop, having no protection but 
an ornamental railing round. In his opinion that was sufficient to 
explain her sudden foundering. 

PRESIDENT said he believed that they were not dead lights, but 
stern porta, that were broken in. 

Mr. Е. Ввсов BELL approved of sticking to the evidence in the case. 
What Mr. Mansel had told them was brought out in evidence, but what 
Mr. Simons had said was his own individual opinion of what might have 
taken place. 

Mr. FERGUSON said there was nothing in the evidence to show that 
the London had been straining at all It was shown that when the 
engine covering was knocked away there was a hole left of about 12 feet 
hy 10 feet; that the water would get in there before reaching the porta; 
that the deck would contain 100 tons of water before it got out at the 
ports, which would put her 6 inches down; and that the stern windows 

ing staved in, the water rushed in, and found a hole about 7 feet by 
4 feet, through which it poured into the lower cabin. 

Mr. Simons did not believe that 100 tons of water could remain іп 
the waist of such a deck for three minutes. It would have broken 
through the bulwarks. 

Mr. Еквсовок said that she had ә box waterway twenty inches high. 
He could not see how the water could have broken through those two 
thicknesses of plates—the one about j-inch and the other about j-inch 
thick. 

Mr. Grorex SurrH asked whether Mr. Ferguson had made any allow- 
ance for list? 

Mr. РЕВОЧВОМ said he had not. 

Mr. Змттн remarked that that would make а difference in the amount 
of water on the deck. 

Mr. T. Davison said that the water on the deck of a ship rolling at 
sea did not run off so much as was thought, as the water partook of the 
motion of the ship, and the full benefit of the roll or list of a ship at sea 
was not obtained in displacing the water. 

In answer to Mr. Simons, Mr. Mansel said that the London had five 
ports on each side. 

Мг. SruoNs replied that it was impossible all those ten ports could 
Ъвуе kept tight, so as to retain all the water indicated. 

Mr. MANBAL said that not above two or three of the ports were in the 
waist of the ship, where the water was. 
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Mr. Boorps remarked that the only case bearing upon the subject 
which had ever come under his notice was that of a screw steamer 
which was lost four or five years ago. She was an iron steamer, and 
sailed from Greenock. In going into the North Channel she encoun- 
tered a storm, and shipped a great deal of water, which drove the front 
of her poop in, and knocked a very large hole through the stern. She 
put back to Greenock in that condition for repairs. On inquiry of the 
captain and mate it was found that she had high bulwarks and & high 

p and forecastle, and that she filled with water in the middle part; 
Pat from the fact that the front of the poop gave way and carried away 


„part of the stern, she got free of the water, and in this condition came. 


back to Greenock. There she got the front of the poop replaced and 
made strong enough to resist any pressure of water to which it might 
be subjected, and also the bulwarks were strengthened, and afterwards 
went to sea, but was never again heard оѓ; and to his mind there waa 
no doubt that she had foundered, because her poop was во strong as 
not to give way, when struck by seas which filled her, as on the former 
occasion. 

Mr. Бовввт Dunoan said there seemed to be a great deal of specula- 
tion about the cause of the loss of the London. The survivors from 
the wreck were not experienced in the construction or form of the ship; 
but Mr. Barber, one of Lloyd's surveyors, gave important evidence. 
He stated that those things were managed better on the Clyde; and 
showed particularly that the engine-room skylights were во constructed 
that water on the deck would find its way out of the ports before 
it could “run down" into the engine-room. On that principle he had 
constructed the Pomona and other vessels, во that the iron coaming 
or solid part of the skylight waa always on а level with the main rail 
of the bulwarks. He believed that was & very good plan. He thought 
it was expedient to carry this matter before the Board of Trade, as 
the Scottish Shipbuilders’ Association had done before. Оп that oc- 
casion Mr. Moorsom had made some remarks in reference to what he 
(Mr. Duncan) had sàid at the meeting, to the effect that vessels ought 
to be allowed а proportion of-space for the crew. Mr. Moorsom said 
that the thickness of the deck was sufficient compensation. Now, he 
maintained that that was not & sufficient percentage towards the ton- 
nage of the ship. If a vessel of 2000 tons had а deck four inches thick, 
the percentage was only two per cent., whereas the allowance given for 
the crew space in the topgallant forecaatle was equal to five per cent. 
Small vessels, also, did not proportionately benefit іп that way. Ву the 
present measurement, large vessels were greatly favoured. He thought, 
therefore, they should ask the Board of Trade to make an allowance for 
„Бе crew in all vessels. 

Mr. D. Rowan was sure that a more interesting paper had never 
before been brought before the society. Не could now understand some 
of the causes which might have led to the loss of the London; and 
both Mr. Ferguson and Mr. Mansel had shown that some gross omission 
had been made in her construction. Looking at it in a humane point 
of view, he was quite clear that they ought to memorialise the Board of 
Trade in reference to the tonnage laws. 

The PaEsIDENT then moved a vote of thanks to Мг. Ferguson for his 
paper; and called the attention of the meeting to а Bill to amend “Тһе 
Merchant Shipping Act, 1854," now before Parliament, and which was 
to come оп for the second reading on the 9th April. It had reference 
solely to the measurement of the engine-room; but as the Government 
had moved in the matter the council thought this was ап opportune 
occasion to approach them, with the view of getting some of the ano- 
malies connected with the measurement of ships removed. Оп a former 
occasion, when the Scottish Shipbuilders’ Association memorialised the 
Board of Trade on this subject, the reply received was as followa:— 
‘With reference to your letter of the 15th January last, inclosing copy 
of the proceedings of the Scottish Shipbuilders' Association, relating 
to the measurement of ships for tonnage purposes, and communicating 
& suggestion by а committee appointed by the Association for the 
special consideration of the subject, to the effect that the deduction 
on account of accommodation for crews should be allowed in cases in 
which it is not now allowed, I am directed by the Lords of the Com- 
mittee of Privy Council for Trade to acquaint you, for the information 
of the Association, that in the event of any further legislation on the 
subject of tonnage, the points to which you have directed attention 
will receive the careful consideration of their Lordships.” ' The Board 
of Trade were thus committed to the consideration of the subject, and 
he thought they ouzht to remit the 5 per cent. of the gross tonnage 
for crew space, whether it was above or below deck. Іп regard to 
spar-decks, he thought it. was rather anomalous that tonnage should 
not be charged for deck-houses when two t holes were left on 
-each side of them, but whenever a deck waa placed across those empty 
spaces that tonnage should be counted. 

The PRESIDENT called оп Mr. Costelloe to give the meeting Ше 
benefit of his views on the subject. 

Mr. CosTELLOE said he should be very glad to give the meeting every 
information in his power regarding the Bill introduced by Mr. Milner 
Gibson. He had no reserves on the subject, because he was aware 
that the Board of Trade courted inquiry, and invited public bodies, dock 
companies, and steamship owners to express their opinions on the 
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matter. The Board of Trade had no object in view but the public 
good. 'There was no question of revenue at stake, for although the 
Government appointed officers to survey and register ships, and give 
forms and advice frequently, gratis, it ought to be known that they 
derived no benefit whatever from their labours. The question of ton- 
nage was not new to the members of the Scottish Shipbuilders’ Asso- 
ciation. It had frequently come up before that body, and had 
been made the subject of admirable papers read by their president 
and other prominent members; and they might well congratulate them- 
selves on the result. They had obtained a promise from the Board of 
Trade that their views would receive consideration, and had received from 
the late Surveyor-General for Tonnage an assurance that he concurred 
in those views. It might be desirable to explain for the satisfaction of 
those not conversant with the subject before the meeting, that the 
immediate cause of legislation was this—The Act of 1854 provided 
that a certain allowance should be given to all steamers for propelling 
power. This allowance in its general application was, 37 per cent. 
of the gross tonnage in paddle steamers, and 32 per cent. of the 
tonnage in acrew steamers, and in extreme cases once and one-half the 
actual space occupied by boilers and engines in paddle steamers, and 
once and three-fourths of the actual space in screw steamers. Well, 
this arrangement led to anomalies, and in 1860 the Board of Trade 
amended this part of the Act of 1854, as it was held it had power to do 
under the provisions of the 29th section of the Act in question. The 
new mode of calculating the allowance for engine-room was founded on 
the length of the space occupied by engines and boiler, and consisted of 
the cubic content of the section of the ship in which the boilers and 
machinery were placed. This system continued in operation since 1860, 
not unquestioned, however, for those steamboat owners who suffered by 
the alteration complained of the effects of the new rule, and eventually 
took legal proceedings against the Board of Trade, which eventuated in 
a judgment adverse to the Government, and hence the necessity for 
obtaining the sanction of Parliament, not only for what had been done, 
but for the continuance of the present system of calculating the allow- 
ance for propelling power. Into the merits of the law as altered һе did 
not think it necessary to enter. There has been ample time to test the 
working of the system, and he was of opinion that the question may be 
safely left in the hands of steamboat owners, who should be the best 
judges of their own intereats. They are а large and influential class, 
and he thought it would be admitted that they have much at stake, and 
are well able to take care of themselves. But there is another and a 
larger question raised by Mr. Ferguson’s paper, the importance of which 
cannot be over-estimated, and that із, does the registry law stand in the 
way of improvement in the building and equipment of ships? Mr. Fer- 
guson seems to think it does, and if his views are sound, he admitted 
that the Act of 1854 required amendment. He was aware that the rules 
that govern tonnage influence to a great extent the arrangements of ship- 
owners and shipbuildera, and have always done so; for previous to 1854 
every change in the tonnage laws produced a change of model, the form 
of ship adapting itself to the law, so as to insure the greatest amount of 
carrying capacity on the smallest registered tonnage. But the Act of 
1854 applied a remedy to this evil, because, as far as the under deck 
tonnage is concerned, no form of vessel could evade its provisions; but 
like all other human productions it had defects—it was not perfect; what 
law ever was! It provided that nothing should be added to the tonnage 
for any closed-in space on deck occupied by the crew unless such в 
exceeded 1-20th of the gross tonnage of the ship; but from this dos. 
ance all vessela are necessarily excluded uuless they can berth their 
crews on deck. Now, he thought that it was amply clear that it was 
nnfair to give an allowance to any one class of vessela of which other 
ships could not avail themselves; and it was equally clear that this pro- 
vision had led to the deck arrangements of which Mr. Ferguson com- 
plains. It must be confessed that spar-deck ships are hardly dealt with, 
and that the penalty paid by the owner for joining his topgallant fore- 
castle and роор by a flush deck is heavy, and has no doubt deterred 
many from building spar-decked vessels, however superior; and so long 
as we offer во large a premium for the erection of deck-houses. he feared 
we shall have them built and fitted to a dangerous extent; but withdraw 
the premium, and the practice would die а natural death. There is 
another class of vessels excluded from the allowance. He meant that 
numerous class of small sailing vessela engaged in the coasting trade. 
Now, as all dues and port charges, including towage, are levied per 
register ton, it follows that all small vessels are compelled to pay 5 per 
cont. more than they are entitled in justice to be charged with. He need 
hardly say that there are no vessels afloat that havo so many difficulties 
to contend with, and no capital that pays so small a per-centage as that 
invested in coasting vessels. He therefore concluded that coasters are 
hardly dealt with in being excluded from the allowance for crew space. 
But there is a higher ground from which he thought this subject should 
be looked at—the sanitary condition of the sailors that man our coasting 
craft. He knew from personal observation that the space allotted to 
them is so small that neither cleanliness nor comfort is possible, and the 
excuse frequently advanced in justification of this state of things is, “ we 
cannot afford more room.” He would remedy this by extending the 
allowance for erew space to all veasels, whether berthed on deck or not, 
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making provision under heavy penalties that the space allotted to each 
of the crew should be similar to that provided for a steerage passenger. 
These men have strong claims on our sympathy, and he submitted" that 
this institution is entitled to be heard in their behalf He also thought 
that engineers and shipbuilders are entitled to consider and pronounce an 
opinion on the still more important question of spar-deck ships, as con- 
trasted with that class of vessels referred to by Mr. Ferguson, and he 
was quite sure that any well-considered suggestion will receive due con- 
sideration in the proper quarter. 

Mr. SrwoNs said that по one would question the propriety of having 
the spar decks free of dues, with regard to the spaces not used for stow- 
ing cargo, but it would be necessary to prohibit putting сагро in such places. 

г. СовткілоЕ replied that that part of the matter could be very 
easily settled. He would grant exemption from dues for it on the same 
condition as a ship without such a deck, provided that nothing was 
stowed in the passages; and in regard to small vessels, he would require 
that each of the crew should have the same space allotted him as every 

passenger had. 

Тһе PRESENT held that the covering of those deck holes was just 
like the privilege granted to vessels of the same class as the Iona. 

Mr. CosrELLOE agreed with the President in that opiniop, and believed 
that if the matter were placed before the Board of Trade it would be 
settled satisfactorily. 

Mr. Jas. ALLAN did not think there could be any doubt as to the 
superiority of а four-deck ship over a three-decker. The object his firm 
had in view in putting in a fourth deck was, that in going through the 
Northern Atlantic the passengers might get exercise in bad weather 
when they could not get on deck, and they thought they had got as much 
assurance from the Government as to warrant them in continuing to 
build thein. Accordingly, they contracted to build two of that descrip- 
tion. When they got one finished they found that the gross tonnage 
was во much more than they expected, that they countermanded the 
order for the second іп so far as the fourth deck was concerned. Тһе 
effect was that, although the latter was 9 feet longer and 1 foot broader 
than the former, yet she was 300 tons less register! Consequently, the 
paid about £1200 a year less dues for the larger vessel. The fourth 
deck greatly tended to the comfort of the passengers, so that on the 
point of humanity there was great reason for an alteration in the law. 
He thought that, if the matter was properly represented, there was 
scarcely a chance of а refusal. With regard to carrying о in those 
spaces, he was of opinion that no one‘would try to do во; and if the Ioad- 
line were kept to the main deck, no cargo could be carried there. Dry 
cargo could not be put there, for it would be damaged by the water, so 
that that objection was easily disposed of. Не suggested that a com- 
mittee be appointed to draw up the heads of a memorial to the Board of 
Trade, which he believed would be attended with the best effects. Аза 
shipowner, he bad no doubt at all that the present tonnage laws prevented 
the improvement of shipe in many ways. Не did not аак for the exclu- 
sion of the poop from the register tonnage. 

Mr. J. M‘DoNaLp said that all parties seemed to be agreed that no 
change should be made оп the measurement for any advantage that is to 
accrue to passengers on board а ship; and what he would suggest to 
that institution was, that they recommend that every part of a ship, no 
matter whether to carry passengers or not, should be measured, but 
make an allowance for the accommodation of sailors. Make a distinction 
between what brings revenue per зе, and leave the rest free to benefit 
the crew. 

Mr. В. DuxcaN suggested that the Board of Trade should be recom- 
mended to measure every part of a ship that was inclosed, whether it 
was on deck or below it, and that they give an allowance on the 
tonnage for the crew. At present the shipbuilder had to build tons of 
space for which possibly he was not paid, it not being measured; hence 
be thought it would be better if the whole vessel were measured, 
galleys. water-closeta, topgallant forecastles, &c., and a fair allowance 
made for crew space. At present a great portion of the deck-houses, 
forecastles, &c., were left to the surveyor to шеаяпге or not as he thought 


г. 
Pr. CosTELLOE said that Mr. Duncan waa in error if he supposed that 
it was optional to the surveyor whether he measured some spaces ог nof. 
The words of the act were—''Every permanently closed-in space," 
whether it was sufficient for sheltering cargo, passengers, orcrew. Now, 
among the spaces referred to by Mr. Duncan were those over the hatches, 
steam winches, and others, which were sometimes fitted with slidin, 
bulkheads, which were run out and in as required; but the surveyor hal 
no power to measure such—they were not permanently inclosed. 

Mr. Sruoxs did not admit that such deck spaces, if covered in, would 
not be used for cargo. Many things in Ше East India trade might be 
stowed away in them. 

The PREaIDENT said that he thought Mr. Duncan wished for the full 
measurement, in order that shipbuilders might be paid for every regis- 
tered ton they supplied. 

Mr. Duncan thought it would be the fnirest way for all if the whole 
vessel were measured; the builder would know what he was giving, and 
the owner what he was getting. That would do away with the great 
difference apparently in tonnage, as shown by Mr. Allan. 
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Mr. Groner Зиттн, jun., said Мг. Costelloe seemed to say that 5 рег 
cent. would be a full allowance for the crew. He would suggest that in 
any memorial sent up to the Board of Trade they should stipulate that 
the crew should get the benefit of all such allowance, Then, with regard 
to the spar-deck, he agreed very much with Mr. Simons’ opinion, that 
there should be a distinct proviso that no cargo should be put into such 
excluded places. He did not think any deduction should be made for 
cabin passengers; but he did not think space ought to be included in the 
tonnage which was for the exercise of steerage passengers. Let the 
whole be measured, and во allowance made for the crew space and what 
was required for the comfort of steerage passengers. Тһе rate per ton 
which builders would charge would soon regulate iteelf accordingly. 

Mr. CosTELLOE said what he suggested, in reference to the crew space, 
was that each seman should be allotted ав much space ая a steerage 
passenger. With reference to the spar-deck, the only immunity claimed 
by the advocates for spar-decks waa that nothing be added for the apace 
covered in for exercise in bad weather and not used for ing а 
сагро, and nothing be added for the closets, galleys, ог washirig-houses 
for female passengers. 

The PRESIDENT said the memorial must be presented without much 
delay if it was to be of any use. It would therefore be necessary to 
remit it either to the council or to a committee. He moved that a 
committee be appointed. 

Мг. Sruoxs thought they should each have а copy of the memorial 
before them, previous to committing themselves to anything. 

Mr. Номт thought there was not time for that. Не would leave it to 
а committee. Не seconded the President's motion. 

The motion waa carried. 

Mr. D. Қожан then proposed that the following be appointed а com- 
mittee to draw up & memorial to the Board of Trade on the subject:— 
Messrs. J. С. Lawrie (convener), George Smith, jun., J. Allan, John 
Ferguson, В. Duncan, В. Mansel, М. В. Costelloe, А. Gilchrist, 
D. Rowan, W. Simons. 

Mr. Е. B&Rucz BELL seconded the motion, which was carried unani- 
moualy. 


Subjoined is an extract from the Memorial sent, on the 3rd of April 
last, by the Institution of Engineers in Scotland, to the Board of Trade:— 

«Ті institution having learned that your Lordships are at present 
legislating on the subject of Tonnage in a Bill now before Parliament, 
prepared by Mr. Milner Gibson and Lord Clarence Paget, have resolved 
to renew the application to you on the important subject of the tonnage 
of the spaces occupied by the crew, and have appointed us a committee 
to make the application. 

By section 21, clause 4, of the ‘‘ Merchant Shipping Act, 1854,” it is 
directed that nothing shall be added to the tonnage for a closed-in space 
on the upper deck, eolely appropriated to the berthing of the crew, unless 
such space exceeds one-twentieth of the remaining tonnage of the ship, 
and in case of such excess, this excess only shall be added. 

Your Lordships will see that this enactment furnishes an inducement 
to provide the accommodation for the crew in closed-in врасев on the upper 
deck, such as topgallant forecastles, and deck houses, because the ton- 
nage of such spaces not being included in the register tonnage is not 
chargeable with dues for docks, lighta, or any purpose whatever. 

In large ships, which trade in warm climates, the seamen can be, and 
are comfortably quartered in closed-in spaces on the upper deck; but in 
small vessels no such space can be provided on the upper deck with due 
regard to sea-worthiness; and in any vessels which trade to cold climates, 
the seamen cannot be placed in topgallant forecastles without subjecting 
them to severe discomfort. Thus those vessels which, for sea-worthiness 
and the protection of tbe seamen, have the forecastle under the upper 
deck, and of which the measurement is included in the register tonnage, 
are subjected to the payment of dues on the tonnage of the crew space. 

We are not aware of any substantial reason that can be urged for this 
exemption of the crew space in the one class of ships and not in the 
other. No such reason exists with respect to the sea-worthiness of the 
ship, nor to the comfort and safety of the crew; nor can we imagine that 
it can be urged, for one moment, that в ship with the crew space under 
an upper deck should pay larger dock dues than a ship with that accom- 
modation above the upper deck; nor that it should pay а higher tax for 
passing a lighthouse. If the crew space, when placed under the upper 
deck, was exempted from the register tonnage in the same way as when 
placed above the upper deck, shipowners would be free to quarter the 
crew in the situation most advantageous for tbe seaman, and to give 
them the extent of space necessary for tbeir comfort. 

We beg your Lordships most respectfully to consider these state- 
ments, and we cannot but express not only a great desire, but a strong 
convietion that you will be pleased to grant the exemption of measure- 
ment for the crew space, whetber it be placed above or below the upper 
deck. 

. We have now addressed your Lordships on the subject which originally 
formed the object of our desire, but recent events—the shipwreck of 
two large ships, the London and Amalia, attended with the moet 
lamentable resulta, furnish our reasons for addressing your Lordships qn 
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another provision of the Tonnage Laws, operating to the great injury of 
ships as well as to the danger of passengers. 

With this letter, we beg leave to submit a drawing of a ship, showing 
an arrangement that is not unusual for passenger steamers. According 
to this plan, there is a poop, а topgallant forecastle, and a range of houses 
extending nearly from the poop to the forecastle, and all forming closed- 
ins onthe upper deck. Insuch ships, the space forming the accom- 
modation for the crew to an extent not exceeding one-twentieth of the 
remaining tonnage of the ship, the cook's-galley, the water-closeta, &c., 
are not included in the register tonnage of the ship; but if these are 
covered over with a closed-in deck, they are at once included in the 
register ontnage, and subject the ship to ag increased dock, harbour, 
and lighthouse dues. This additional taxation prevented shipowners 
from building ships with decks covering over all open spaces, and has 
led to the use of ships constructed as shown on the drawing. Your 
Lordships will please to observe that in ships во constructed there are 
large spaces extending from the poop to the forecastle, on each side of the 
ship, between the ranges of houses on the deck and the bulwarks, spaces 
which are receptacles for immense quantities of water shipped in heavy 
weather, crippling and imperilling the safety of the ship. 

If the Tonnage Laws excluded from the register tonnage the accom- 
modation for the crew when placed under the upper deck, if the cook’s- 
galley, the water-clogeta, the measurement of these dangerous receptacles 
for water extending all along each side of the ship, were excluded from 
the tonnage when covered over with a closed-in deck, called a spar-deck; 
if, in short, the register tonnage of the ship was unaffected by the use 
of a deck over all—a deck which adds at once immensely to the strength 
of the ship, and which reduces to a minimum the dangers to which the 
ship is exposed, shipowners would be freed from imposts that at present 
most, severely hamper them. With this covering deck, ог spar-deck, and 
with the netted bulwarks used with such decks, no lodgement for water 
existe; there is no spirketting, as in the London, to obstruct on one 
side of the ship the cpa of water hipped on the other, there is no 
question about the size of porta through the bulwarks to pass the water 
from the deck of a labouring ship, and why should a ship constructed 
with a continuous deck, covering both the crew space and those spaces 
which without the deck afford lodgment for water, be charged more for 
lying in a dock, ог be charged more for passing а lighthouse, than a ship 
not having the deck. To make a difference in the two cases, we reapect- 
fully submit, is unjust as between ship and ship. 

We respectfully suggest, that your Lordships will be pleased to intro- 
duce clauses in the Bill now before Parliament for the purpose of carry- 
ing these exemptions into effect. : 

1. To exempt from the register tonnage of all ships the measurement 
of all spaces for the accommodation of the crew, whether placed above or 
below the upper deck, to an extent not exceeding one-twentieth of the 
remaining tonnage. 

2. To exempt from the register tonnage of ships built with a covering- 
deck, or spar-deck, the measurement of all spaces under the spar-deck 
which are at present excluded from the register tonnage when the ship 
has not a covering deck or spar-deck, ainple security being taken that 


the spaces excluded from the measurement, shall not be used for berthing 
passengers or stowing cargo.” 
a 
BREADTH OF LIGHT AND SHADOW IN 
ARCHITECTURE,* 


Bx Sir Warrer С. James, Bart. 


Our life may be said to be composed of lights and shadows: 
In studying this subject, therefore, it bas appeared to me that 
it might be permissible to treat it not merely in a dry and 
technical manner, but with some reference to general principles. 
Not indeed that the technical part of it is insignificant, for it is а 
main element in the success not only of the architect, but of the 
pe and sculptor, that he should make himself master of that 

ranch of his subject which the Italians call chiaro scuro, but 
which with us goes by the simpler name of Light and Shadow; 
and in the outset I cannot but express an opinion how unfortu- 
nate it is that the study of our architects isfar too much contined 
to that of elevations and sections, rather than extended to per- 
spective sketching, and, what must be even more useful and 
truthful, the construction of models in some detail of the struc- 
tures they are about to erect. The appearance of a building 
with or without the sun проп it, in the morning or in the 
evening, is a matter of no slight importance, yet seldom much 
weighed or thought of. Does its outline come boldly out upon 
the sky, or is it backed by hills and woode? What is the depth 
of shadow cast by Ив mouldings and cornices? What is the 
setting of Из wiudows-—the best, perhaps only index we have 
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of the strength and thickness of its walls? These are a few, but 
a few only of the questions which a study of the light and shadow 
of a building presents to the mind of the architect. The tendency 
of the revival of architecture in England has been rather towards 
technical excellence than the improvement of the great principles 
of desi Nor are the causes of this far to seek. The revival 
has had its origin more in the individual spirit and energy of 
private persons, than іп any Government influence. The Church, 
indeed, as in the olden time, has been the main friend and sup- 
porter of the art, but here, too, the tendency has been to small- 
neas and prettiness, rather than to size aud magnificence: true, 
indeed, our cathedrals have undergone, to no insigniticant degree, 
restoration and improvement, but it has been in the embellish- 
ment of the superstructure rather than in the extent of the 
foundations. Here, too, it is the unit, rather than the corporate 
idea, that has had its main influence upon the public mind. The 
parish church or the nobleman's mansion has been the scene of 
the architect’s most successful labours. Of course, to this rule 


' there are large exceptions. The vitality which bas risen from 
individual energy and individual wealth has spread through 


every part of the body politic of England, and we have seen 
with our own eyes the erection of many noble public buildings 
of which no age or country, not even classic Italy, need have 
been ashamed ; yet I dare affirm that the movement has been 
inspired from below rather than from above. 

This is quite in accordance with the spirit of the age. The 
taste has spread from the labours of such men as Rickman, 
and Pugin, and Ruskin, rather than gained inspiration from 
public patronage, from the Goverument, or from the Crown. 
The consequence is, that our efforts, our experiments, are 
necessarily upon a small scale at first. We are like military 
officers who have not had much opportunity of moving large 
bodies of теп; whereas, abroad, painters, sculptors, and archi- 
tects generally, have much assistance from government, put 
themselves at the head of a large set of young men, and form 
a school, whether of painting, or sculpture, or architecture. We 
in England work in an isolated and therefore comparatively 
small way. Неге and there а well-kuowb architect or sculp- 
tor may have pupils; a painter, we may say, hardly ever. 

Nor do I feel that this mode of working is altogether wrong. 
It interposes great difficulties in the way of struggling merit ; 
but, on the other hand, those choice spirits who struggle up- 
wards are probably men of higher genius than those who in the 
neighbouring country are raised up under the fostering wing of 
Imperial patronage. We һауе nothing to be ashamed of in the 
artists of our day. Finish, indeed, perhaps, bears a dispropor- 
tional value in the market, and the excellence of detail, whether 
in architecture or its sister arts, is very highly appreciated; while 

enius like that of a Blake or of a Martin is little thought of. 

mention these topics of the day as one excuse for recalling to 
your minds a few of what I woald call the larger principles of 
the art,—its theory rather than its practice. 

I would, then, ask you what is breadth? Itisa word frequently 
in the mouth of the artist, but, perhaps, not readily present to 
the mind in any very clear and definite manner. Perhaps we 
may arrive at a sound notion of Из nature by looking at its 
opposite, which I take to be “spottiness of effect," or “over- 
crowding of detail" As a general rule, we may say that the 
earliest styles of Gothic art, the Norman, the transition from 
Norman to Early English, the later transition from Early 
Engin to Decorated, present noble examples of breadth 
and simplicity of treatment, when compared with the Per- 
pendicular in England, the Flamboyant style in France, and 
the Renaissance in ltaly. It has been observed by a writer on 
morals, that we do not want a dinner to be “all sweets, or all 
dessert,” or a beautiful dress to be all “ flounces and furbelows;” 
во, too, we do not like a building entirely covered with ornamen- 
tation, which justly is compared rather to “ filagree-work, ог 
lace- work," than to the realisation of that noble idea of structure 
which makes the framework the basis of all real beauty, just as 
the bones of an animal are the true foundation of ita features and 
its form. Not universal ornament, then, but ornament in the 
right place, in the right degree, and, above all, in the right рег- 
fection, are characteristics of breadth. With breadth is neces- 
sarily connected severity of style; and I would add this one 
observation upon the subject, which, I think, is а bly to a 
remark of Mr. Burke's, in his essay on the Sublime and 
Beautiful. Breadth seems to be necessarily linked with size, 
and what may be called a certain masculine vigour in the de- 
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sign of a building. Small things are deprived of much grandeur, 
and its place is then supplied by the secondary attribute of 
prettiness or elegance. 1 would instance, as a proof of this, a 
amall apartmeut as compared with a large; a lady-chapel as 
compared with a nave; metal-work as compared with stone- 
work ; and jewellery as compared with iron-work. The more 
minute the object, the less need we fear that exquisite finish 
upon it will be contrary to the rules of taste. The dragon-fly 
or the humming-bird has colours more brilliant, hues infinitely 
more delicate, than we find in the plumage of the dusky eagle or 
tawny coat of the iion. Small thiugs can hardly be too pretty; 
large works can hardly be too simple. If this were kept more 
іп mind, І think much useless expense might be spared. Size 
in a building in no small measure supplies the place of ornament. 
There is dignity even in empty wall space. On the other hand, 
iu small chapels, in the tombs of the wealthy, in the reredos, in 
the font, in the memorial stone, we have good examples where 
the true principles of simplicity and vigour may with great 
Appropriateness be made to yield the palm to loveliness and 


ce. 
Breadth, then, is always accompanied by grandeur. 


** Those Titanian fabrics, 
Which point in Egypts plains to times that have 
Хо other record," 

are noble examples of this; and as we sail down the stream of 
time, and advance in knowledge of world architecture, the Doric 
temple presents to ua the noblest example that can be found of 
“breadth” Ornament, varied and rich, is confined to the pedi- 
ment, the cornice, and the frieze. Yet, what glories do these 
disclose. How simple, and yet how perfect, are those forms of 
heroes and horsemen which came from the inspiration of a 
Phidias. Sculpture, indeed, always was used as an adjunct of 
Greek art in the days of its true glory. . Not merely the frieze, 
but the metopes between the triglyphs. The pediment, as before 
noticed, and the pedestals on the roof, are all useless and quite 
without intention, unless surmounted with sculpture. We may 
notice too, how accurately the principle of ornamenting “struc- 
ture" із carried out. The ornament being almost always placed 
upon some essential part of the building, and but seldom super- 
added, as & mere wanton and useless luxury. Тһе variety of 
form, too, which characterises this Doric style is notable. We 
may first of all observe the form of the building—a parallelogram 
ог obloug. Тһе cornices, the triglyphs, the bases of the columns, 
the steps leading to the portico, are all square in outline, and 
notable for Ше saliency of their right angles. The columns are 
all circles, and being circular present the finest contrast to the 
square masses of which the building consists; but the adjuncts 
ot these noble shafts, the flutings, and the capitals present the 
form of delicate curves. The capital is ovoid. It used to be 
assumed that these columns were bounded by straight lines. 
. Modern discovery has shown that they have a convex profile,— 
this in the Parthenon goes to „15 part of the whole height of the 
column. The absence of this in modern work gives that poverty 
and rigidity to the style,—in other words, that want of breadth, 
—which is so frequently matter of just complaint. 

We see, then, that although the Doric order is remarkable for 
its symmetry, its breadth, what may fairly be termed the 
opposite merit, variety of form, complexity of detail, was never 
absent from the mind of the Greek artists. Variety, indeed, 
may be said to be the note of the picturesque, as symmetry із 
the note of what is purely and simply beautiful. It is in the 
combination of the two that we have the acme, not only of 
archit:ctural excellence, but of all art. 

Another refinement was to give a slightly-inclined inward 
slope to the whole building. This, of course, brought out a 
grent notion of support and strength. Each curve was designed 
upon principles truly mathematical The care with which the 
mason-work was built has never been surpassed; and yet all this 
meritorious detail was not, even іш its smallest part, superfluous, 
because it was bestowed upon a design at once simple, appro- 
priate, and beautiful The probability is that these splendid 
temples were not only remarkable for their lovely forms, for the 
depth and play of light and shadow on the rounded column, and 
in the deep recess, but that they were brilliant as precious 
stones, distinguished even at a distance by their sparkling colour. 
This topic, however, is scarcely within the scope of thia lecture. 
I hasteu onwards to notice some few other examples of breadth 
of treatment, as it is called, of which the pure Doric sample may 
fairly be termed the most natural and perfect form, 
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Taking a bold leap, as it were, from Pagan styles to Christian 
art, we perceive an unmistakeable analogy in their progress 
and development which can hardly escape the notice of any 
intelligent inquirer. The social state of man as he emerges 
from barbarism into civilisation, develops, at various periods 
of history, in similar ways. The Christian civilisation is nulike 
the Greek, and it is as superior to it as the character of ita 
great Founder was to that of Socrates. Nevertheless, there 
are points of likeness, aud if the theocratic system of the kingdom 
of Israel was intended (as most orthodox divines admit) to pre- 
figure the sacerdotal and sacramental system of the Christian 
church—if, as lawyers will not be slow to acknowledge, we 
must look to ancient Rome as the fountain of all systematic 
laws, and what may be comprehensively called the organisation 
of civil society, to Greece we may confidently turu (as an able 
statesman has lately told us) as the divinely-appointed source of 
our knowledge in all matters of taste, literature, poetry, and 
art. The ДЕ МСА ынты races which descended into Hellas 
proper, from Thessaly, from Thrace, from Scythia, were but 
men of like passions and kindred origiu with those who, many 
centuries afterwards, came down from Germany and France 
into the plains of Lombardy. It is therefore not unnatural, upon 

eneral grounds, that we should trace in the early styles of 
Greek architecture, some faint likeness of the early styles of 
Christiau art, and that, mutatis mutandis, we should see in 
Dorie simplicity a prototype of Norman breadth and grandeur, 
a prototype undoubtedly more perfect in all technical excellences 
than its Christian successor, but less fertile in idea, in variety, 
in all those attributes which distinguish the Church architec- 
ture of Mediæval Europe from the Temple architecture of Greece. 
What the Doric style was to the Egyptian, the Norman style 
in England was to the Continentual styles. This, Mr. Fer- 
gusson, in his able Handbook, remarks, is well exemplified in | 
the nave of Durham Cathedral, a building differing in every 
respect from anything on the Continent. He proposes to give 
to it the name of “‘ Norman Saxonised,” but emphaticaily denies 
that it has any claim to the distinctive characteristics of Nor- 
шап. In both, however, the common attribute is “ breadth;" 
not so much largeness of dimension as largeness of proportion; 
ап unnecessary strength in all the supports; an unnecessary 
depth in all the mouldings; an almost superhuman vigour in 
the style; and a superabundance of sculptured ornament, which, 
however rich it may be, never interferes with the main lines 
of the building, or the unbroken surfaces which are a necessary 
constituent of breadth. The beanty and minuteness of the Nor- 
man diaper work is a very remarkable thing, in a style where 
all else is so large and so bold. This nave of Durham, as Mr. 
Fergusson says, bold, massive, and grand, presents a striking 
contrast to later examples, such, for instance, as the nave of 
York Minster, which, though spacious and elegant, and рге- 
senting a degree of refinement in every process and every detail, 
to which Durham cannot pretend, is not nearly во imposing 
as the rude grandeur displayed by the latter, notwithstanding 
its far smaller size. 

It is not impossible that the analogy I have noticed between 
the early Doricand the Norman might be carried further. There 
is in the Ionic style a character of elegant simplicity which is 
not alien to the Early English; and in the richness of the 
Corinthian a great likeness to the Gothic Decorated style. 
These шау be feeble analogies—I will not too much insist upon 
them; and yet, on the whole, they appear to give a fair view 
of the various steps by which the human mind rises to the ideal 
in art. From rude strength we advance to an elegant sim- 
plicity, and thence, again, to richness of decoration; after which 
the course is generally downward; not, as has been before 
observed, in technic skill, but in all the grander attributes of 
art. As labour becomes more skilled, we economise our materials; 
and we therefore find in later periods of development less of 
originality, less of power, but more minuteness and elegance 
of tinish. 

Again, we may, perbaps, find it useful to compare our con- 
dition with regard to architecture to that of Imperial Rome, after 
the long peace which inaugurated the reign of Augustus. То 
Rome all heathen art tended; from Rome all Christian art origi- 
nated. Not, indeed, that the Romans were artists, —quite the 
reverse; but, like a whirlpool in some mighty stream, Rome 
appropriated to herself, made her own, everything that came 
within her reach. Etruscan in her origin, she has left more 
remains of the period when she was governed by kings than of 
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her consular and republican history, of which latter we have not, 
во far as I am aware, a single monument. But with the conquest 
of Carthage, the subjection of Greece and Egypt, and an exten- 
sive Oriental dominion, artistic wealth began to flow in upon her 
from all quarters. The consequence was a number of buildings 
of different and incongruous styles; remarkable rather for size and 
grandeur than for taste, and a masculine vigour of style. The 
same thing may be said of our modern capitals. Of the Emperor 
Augustus it was remarked, that having found Rome a city of 
brick, he left it a city of marble The Emperor Napoleon, in 
like manner, having found Paris a city of streets, narrow, incon- 
venient, and dirty, has made it a city of palaces, airy, commodious, 
and clean; but it is a general and true remark, that in doing all 
this he has not added toits character. Itis fine, it is magnificent; 
but compare ita interest with any genuine specimen of old work, 
and we shall be constrained to confess that magnificence often 
means monotony, and costliness a sacrifice of individual freedom. 
In London matters are little better; though they are better. If 
Paris like Rome of old, is delivered to the tender taste of an 
emperor, London is being gradually given up to the tender mer- 
cies of the engineer. In all this we see tendencies towards a 
state of transition, from old and time-honoured styles, to some- 
thing new, something better, it may be, than the world has yet 
seen; but whether worse or better, it will probably be something 
wholly—or at least in its main features—novel. In the decline 
of imperial Rome, we can hardly suppose that the Romans saw 
(it is a philosophical remark of Mr. Fergusson's) the result to 
which the amalgamation of various styles then in vogue was 
tending, aud yet they worked as distinctly to that end as if the 
spirit of prophecy had guided them to a well-defined conception 
of the future. And the same thing is going on with the earth 
upon which we tread, with the language we utter, with the 
political institutions under which welive. An insensible change, 
all the more efficient because almost imperceptible, atfects us all; 
and from old forms new forms are being continually evolved. 
Let it not be thought that, although this be an expansion of our 
subject, it is altogether alien to it. Itis at periods when things 
are changing—when one is forcibly reminded of the saying of 
the Greek philosopher, that all things are, as it were, in & con- 
stant flux,—it is so important to recur to first principles; not to 
waste our energy upon details alone (though invaluable in their 
way), but to look to something broad and grand, such as animated 
the architects of Mediæval Europe or Classic Greece. In this, аз 
in most of the problems which guide you in the noble practice 
of architecture, Nature may be at the least as great a help to 
you as any building framed by man. Do you want to know 
how to support a superincumbent weight upon a slender and 
delicate shaft? Look at the mechanism of the wheat-stalk, in 
which you will see, in an undeveloped form, every principle 
which guided Stephenson in the formation of his iron tube across 
the Menai Strait. Do you want to resist the outward thrust of 
some continual pressure? Look to the buttresses of the ever- 
lasting hills, and there learn that it is in the strength and sta- 
bility of the foundation, in the thickness of the wall—how often, 
yet how foolishly neglected now-d-days—that we can rely for a 
permanent and really substantial building. Тһе lights and 
shadows of the landscape as they float across the plain, or betray 
by their undulating nature the forms of the superficies, are guides 
to us in showing how different may һе the external effect of the 
same mass at various times, how form changes, how colour 
changes under the transient influence of light or shadow. 

Iam the more anxious to make these remarks, because I have 
lately heard from my friend, Mr. Scott, two admirable lectures 
on the various buildings open to thestudy of the young architect, 
both at home and abroad. He has shown them what advantages 
may be derived from the study of 014 churches, old halls, old 
ornament, wherever found; how the work of those whom we call 
the “old men," may serve in the solution of many a practical 
problem. Не has well advised this, as the best means of exciting 
and quickening powers of observation. 

I would fain add, while you give full weight to the architects 
of this or that century, this or that era, do not forget the works 
of the Great Architect of the Universe. Depend upon it, those 
old monks who raised such noble minsters hesitated not to see 
in the animal framework, or the floral decoratiou, the best possi- 
ble models, Бой; for permanent structure and appropriate orna- 
ment. Among the merits of Mr. Ruskin as an interesting 
writer, this must ever be considered as oue of the greatest. He 
haa never looked upon his case as made out because it has been 
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established by thirteenth-century precedent, or any other pre- 
cedent, but has gone straight to nature for the confirmation of 
his views. Having observed her laws, and the works of art in 
which her beauties are skilfully portrayed, with no common 
genius, he has brought to the study of architecture в mind stored 
with more than the ordinary amount of information; and, 
although we may fairly differ from many of his “ dogmatic” гщев, 
we must admit him to have shown a spirit in the study of art 
both catholic and sincere; catholic in the universality of its 
grasp, sincere in the truthful e out of any detail with 
which he may have charged himself. These few remarks, then, 
come to this, — аё while admiring the skill of modern architects 
in all manner of detail, it is possible, by the over-study of tbese 
latter, to lose sight of that great principle of breadth which, 
whether we take it in form, or light and shadow, or colour, is А 
necessary, indeed the first, element in any great work. Secondly, 
if the principle of breadth have any value, it ought to be specially 
brought out at a time when prettiness and littleness are rather 
the characteristics of the day,-—when we are more likely to pro- 
duce Dutch minuteness than Italian magniticence, private luxury 
rather than public splendour. 

I wish now to say a few words on art principles in general, 
and especially with regard to architecture. Art we presumed to 
be under most of its aspects an imitation of nature. Now, nature 
proceeds by fixed laws. What, then are these? Uniformity of 
plan is the first great rule, ог, as the poet beautifully saya, “ order 
is Heaven's first law." Sir Isaac Newton, in the “ Principin," in 
а remarkable passage quoted by Professor Owen in his book on 
the “Nature of Limbs,’ remarks on what we may call the 
bilateral symmetry of nature. Two eyes, two ears, two banda, 
two feet; each side of the body of animals corresponding exactly 
to the other, Such is the plan; and if we pursue our inquiry 
into vegetable nature, each flower, each leaf when bisected, cut 
into equal parts, produces two parts easentially the same, and 
both perfect. Again, we have in the various segments of animals 
an analogons uniformity. Thus we see the limb is in all Ив 
features the same, whether it be an arm or a leg, and botanists 
tell us that a flower is but a highly developed leaf. Now, to 
carry this law into the arts, we see that symmetry, or what may 
be called uniformity of plan, is the first great law. If we hisect 
а Doric column, ora Doric temple, each side of each part exactly 
answers to the other; and, in common language, the phrase that 
a thing is “lopsided,” or “а ou one side," is but another form 
of expressing our sense of its ugliness—an ugliness arising from 
imperfection, because the parta do not correspond. 

God's handwriting is seen upon the surface of nature: if we 
want а test of what is true and beautiful in art, we must ask 
ourselves, is the handwriting the same? This, I think, is the 
best and only sufficient test of the beautiful. What, then, are 
the characters? This uniformity or symmetry of plan is the 
first. But underlying this principle, not opposed but rather in 
subtle and exquisite harmony with it, is tbe law of infinite 
variety, an adaptation of means to euds as marvellous and 
beautiful as its correlative law of symmetry. Buffon, the great 
French naturalist, has well remarked, “It is only by comparing 
we can judge, and our knowledge turns entirely on the relations 
that things bear to those that resemble them, and to those that 
differ from them,” and he adds, by way of illustration, “if there 
were no animals, the physical nature and structure of man would 
be far more incomprehensible than it is" Мау we not in like 
manner say that if we had had no nature we could have had no 
art; and that without going to nature it is impossible to under- 
stand the true principles of structure. What, then, is this law 
of perpetual and never-ending variation ? I will put it in à two- 
fold light. 1st. The adaptation of means to ends, or what may 
be called creative ingenuity. 2nd. The principles of variety and 
contrast, as being, per se, ап element of beauty in the physical 
world, and, therefore, essential to the beauty of any work of art. 

On the first topic, the adaptation of means to ends, and the 
skill with which each part is made to play its due proportion or 
share in the wondrous whole, I know of no better illustration 
than the skeletons of animals. It is here that the most interestin 
and beautiful evidence, of adaptation to ends, as well as unity o 
plan, have been discovered. | 

No study could, I am persuaded, be more useful to the archi- 
tect, as well аз tu the artist. The principle of the arch may be 
said to be the leading idea of the bony framework. Our skulls 
are arches; our feet are arches; our bodies furm arches—for 
what are the ribs and concomitant verlebre but an arch? The 
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whole spinal marrow, as it descends from the brain to the pelvis, 
is enclosed in д strong, compact arch, to which the spines of the 
back act ав a powerful keystone. But if the principle of the arch 
is to be found in the body of every animal, we may discover 
likewise that of the column, or vertical support. No superfluous 
material is here wasted by the great Creator. The limb of the 
elephant is well proportioned to sustain the enormous weight of 
his unwieldy yet majestic frame; while that of the camel or 
giraffe is slender, elegant, and bony, just in proportion to the 
superincumbent mass that presses upon it. ok, too, at the 
feet of the camel and the elephant. The foot of the elephant, like 
the inetep of the human being, is arched in its structure, calcu- 
lated to support weight. The foot of the camel is not arched at 
all, but flatly, horizontally, spread out, with soft, large cushions 
at ite sides, to prevent the animal sinking into the sand of the 
desert. But Nature is as thrifty an architect in the choice of her 
materials as in the forms in which she disposes them. I select 
the following passages from a work of Owen:—“ The bones of 
fishes are spougy іш the interior; and where ossification takes 
place it is restricted to the surface of the primary gristly mould. 
The bones of the turtles and sloths are solid; but in the active 
land quadrupeds the shaft of the long bones of the limbs is hollow, 
the firat-formed osseous substance being absorbed as new bone is 
being deposited from without. Тһе strength and lightness of the 
limb-bones are thus increased, after the well-known principle of 
Galileo, exhibited by means of a straw picked up from his 
р toor to answer a charge of atheism brought against him 

y the Inquisition. The bones cf birds, especially those of 
powerful flight, are remarkable for their lightness. The osseous 
tissue is, in fact, more compact than in other animals; but its 
quantity in any given bone is much less, the most admirable 
economy being traceable throughout the structnre of the bird in 
the advantageous arrangement of the weighty materials.” Then, 
after illustrating this by showing how heated air permeates the 
bones of the bird, he concludes—'* The bones of birds are filled 
with rarefied air. Their extremities present a light, open net- 
work of slender columns shooting across from wall to wall, these 
little columns being likewise hollow.” 

Every book that is written on natural history gives us some- 
thing of the ваше kind. Now I hear, as it were, the word 
“Question, question,” mentally uttered by my auditors, as if 
such arguments were foreign to my lecture. I must excuse 
myself by saying that, as Nature does everything with a clear 
and definite purpose, or final cause, the architect ought to do the 
game ; and that the vegetable world as well as the animal kingdom 
offer most excellent subjects for the study of the young architect, 
—Subjects hardly secondary, if at all so, to tle study of the 
works of man, the temples of Greece, or the Mediæval cathedral. 

The principle of the hollow column, which I alluded to in the 
earlier part of my lecture, though well known to the engineer, 
has seldom been brought into use by the architect. Mr. Butter- 
field, indeed, has used it in the Church of St. Alban, where the 
decorative columns are of hollow pottery, not unlike draining 
tiles. The effect is pleine I observe, too, that Mr. Barry has 
used the same contrivance for ornamenting the corners of some 
schools in Holborn, and has adapted these hollow tiles to convey 
water from the roofs of the buildings. But it is when we come 
to the higher region of the air (like the bird) that we ma 
naturally expect to see bird-structure, if I may coin a won, 
imitated. What is the spire itself but a hollow tube? and it is 
in the building of spires that hollow tubes, as I conceive, might 
very effectually be introduced, as being good examples of a com- 
bination of lightness with strength, and enabling us to get what 
we as English builders are very defective in,—I mean altitude of 
proportion. This quality із necessary to grandeur, particularly 
m 215 Gothic style, and in edifices dedicated to the glory of 

Tt is then in that variation which admits of the special adap- 
tation of each form to the purposes for which it was designed, 
that we see the wisdom of nature, or, in other words, the wisdom 
of God. Why should not the same law guide us in our buildings. 
Pogin has well defined architectural propriety to be, that the 
external and internal appearance of an edifice should be illustra- 
tive of, and in accordance with, the purpose for which it was 
designed. The animal, the tree, or the flower, each has its own 
character. So should tbe building designed for God’s glory, the 
collegiate establishment, the town-hall, the mansion, or the 
cot І need not point out how contrary to this wholesome 
principle ів the idea of having a church like a Greek temple, with 
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a Doric colonnade, а collegiate establishment like a large hotel, a 
town-hall like в theatre; a gentleman’s house like a barrack, or 
little better, a Gothic abbey; ог an entrance lodge decorated with 
an Egyptian Sphinx. There is a place in Nature for everything, 
and everything should be in its place. 

Nor is this rule less applicable to small than to great things. 
It gives true simplicity and breadth of character, and cuts off 
useless ornamentation. It is allied to the equally important 
principle that ornament should never be introduced for its own 
sake, or ав we may express it, for “ mere show-off,” but should be 
confined to the decoration of construction. We never see any- 
thing in nature overcrowded. Everything is subservient to some 

urpose, and beauty is superadded. How different is this from the 
faulty decoratior. of the upholsterer, who determines to do the 
thing in the Gothic, the Greek, the Italian style, or in what may 
be called a skilful medley of the worst features of all these, the 
upholsterer’s style: crockets and finials project from every 
corner; here the claw of в beast, there the beak of a griffin ; 
here a sideboard supported by a mahogany eagle, there a serpent 
twisting gracefully round the table's leg. Where, І ask, are 
simplicity and breadth in these things? Truly did Mr. Pugin 
remark, that a gentleman could hardly walk through a draw- 
ing-room fitted up in this style without danger either to the 
furniture or to his own clothes. 

Mr. Pugin remarks, “ Notwithstanding the palpable imprac- 
tieability of adapting the Greek temples to our climate, habits, 
and religion, we see post-office, theatre, church, bath, reading- 
room, hotel, Methodist chapel, and turnpike-gate, all present 
the eternal sameness of а Greek temple outraged in all its pro- 
portions." М 

A few words may be added on variety, not merely considered 
with a view to the various purposes for which buildings are 
designed, but as in itself а principle of beauty, and а main source 
of the picturesque. Inequality of forms and quantities is necessary 
to make up an agreeable building or picture. It has, I think, 
been remarked with great truth, that the effect of the oppo- 
sition of lines and the force of contrast is more noticeable in a 
work of art than in nature; for in the former the various 
objects strike upon the retina at once, in the latter they are 
dispersed over the landscape. A defect may be observed in a 
photograph, which would not strike the most delicate or critical 
eye in nature. To show what I mean, I have taken the trouble 
to draw out, as a diagram, the band of a man and the hand 
of a monkey. Teleologically, that is, with the view of studying 
the purpose for which each is framed, they are equally well 
adapted; but in point of variety of form, observe, T beg, in the 
human hand, with what delicacy and variety the length of fingers 
is gradated; how much more subtle the difference 1s in the size 
of the finger joints, and how this infinite variety of size contri- 
butes to beauty. The same may besaid of the graceful and 
swelling curves which bound the outline of the form of man. 

I will, just for example's sake, give another illustration, from 
the floral kingdom—-a rose and а convolvolus. The forms are 
equally lovely, yet both dissimilar; and if we examine the parts 
with care, we find no two leaves, no two petals, no two parts 
of any description, like their fellows. The flowing curves of 
the floral kiugdom may be а study more congenial to the 
painter or thesculptor than to the architect, who dealsin general 
with stiff and unyielding materials, In the midst, however, of 
these lovely curves, within the calyx, and often round the 
corona of the flower, there are exquisitely symmetrical forms, 
—hexagons, pentagons, octagons,—every couceivable geometrical 
form which, in the composition for instance of decorated windows, 
would be most serviceable to the architect. From their illumi- 
nated manuscripts, from their being great farmers, &с., we шау 
well believe that the monks of the Middle Ages not only studied 
botany, but adapted it to their building purposes; and if we 
may trust the analogies of language, one beautiful feature in 
our Gothic cathedrals is the fruit of this research. I allude 
to the rose window. 

I exhibit as an illustration of the same principle two houses 
of the commonest street type; No. l, entirely unornamented; 
the second such as seen in а better kind of street, with at least 
a show of taste upon it. Why is one superior to the other? 
Both are equally symmetrical; but in No. 2, superadded to the 
symmetry, there is а show of variety,—of variety in the forms, 
and variety in the quantities. I should be glad if any one 
could point out any other difference to account for the extremely 
different effect of the two designs upon the eye. The next 
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example I exhibit is from Welford Church, Berkshire. These 
elevations are taken from a print, and are both somewhat 
modified: In No. 1, the height of the tower and spire exactly 
coincides; in No. 2 it is different. Referring, in the next place, 
to the segments of the tower, we find them in No. 1 precisely 
equal; in No. 2, quite unequal. The uneducated, even, would, 
I imagine, see that No. 1 is superior in all respects to No. 2. 
Nor сап I assign any reason for this superiority, unless it be 
the application of that law of variety which, as I apprehend, 
arises originally from the necessity of resorting to various means 
for various ends, as the teeth of the carnivora are for one 
purpose, those of the rodentia for another; but which becomes, 
secondarily, a principle or law of beauty,independently of any 
purpose which the Author of nature may have had iu view. 
I exhibit a drawing of an arch in Canterbury Precincts. The 
point here is the exquisite manner in which vegetation accomo- 
dates itself to buildings. Architects are hardly sufficiently alive 
to this point. А grass lawn, such as England, and England 
alone, can boast, is the most beautiful platform from which any 
building can spring. Тгеев, shrubs, and ivy—even dangerous 
ivy—have their beauty, and are valuable adjuncta to architecture. 

I would now, before concluding, call your attention to the 
diagram above my head, in which I have ventured to propound 
ny general views on the subject of the arts and architecture par- 
ticularly. You will observe, it is divid.d into three heads— 
form, height, and shadow and colour; or we may call them 
outline, substance, and colour, for light aud shadow are the 
means of giving rounded form. 

Under the head of “Form,” you will observe that I have 
taken the Doric temple as the example of symmetry, aud the 
Gothic cathedral as that of variety in form. They are perhaps 
as good as any we inight chance to hit upon. I would observe, 
however, that the symmetry of the Doric column is diversitied 
by an almost infinite variety, and that the variety of the Gothic 
miuster is modified by a large share of symmetry. Perhaps it 
would be fair to assert, that in Gothic art the principle of exact 
correspondence of parts is changed for that of a general balance 
between “ the two sides, so to say, of the picture.” ‘This is well 
exemplified by the position of the central tower in Canterbury 
aud other cathedrals. To the east we always have the most 
interesting part of the building. Here, owingto its sacredness, 
the largest amouut of decoration is always to be found, both 
externally and internally. Deep shadows throw out the sur- 
rounding chapels, and were terminated in a "chevet," this 
portion of the edifice is generally full of interest. То balnuce 
this mass of decoration, we have the great length and quiet 
stateliness of the nave; yet even these fail to give their due 
share of importance to the western parts of the building, for 
the typical completeness of which two western towers are an 
absolute necessity. І offer my humble adhesion to Mr. Fergus- 
son's view, who calls Lichfield, with its central aud two western 
spires, though small in size, a thoroughly artistic group. Canter- 
bury, of which Гех БИ a lithograph, only moderately well done, 
is а good deal too long. 

lf we recognise in any measure the truth of the principles 
developed in this lecture, we shall iu some degree, at least, 
understand wliy we are greater aud yet less, less and yet greater, 
than our ancestors, As has been most eloquently remarked by 
the Dean of Westminster, We cannot dispense with the mighty 
past, even when we have shot far beyond it.” Those who follow 
cannot be as Шозе who went before. Mediæval days, with their 
exalted faith, their noble chivalry, their rude violence, have 
zone, aud cannot return; yet they have left a legacy of endur- 
ing value. Their castles, cathedrals, and abbeys come down to 
eur days, and preach to us in stones the best of serinons. 
"Truly it may be said of those grand old monks that they 
laboured, and we have entered into their labours. Тһе com- 
parison instituted by the eioquent writer alluded to, between 
Elijah and Elisha, is not inapposite. Тһе rude vigour of pri- 
mitive times gave way in the latter to winning arts and healing 
arty, and gentle words of social and peaceful intercourse.” Тһе 
stream no longer bounds from rock to rock, but flows on in 
tame fields,—in a channel, if less ruggedly beautiful, wider, 
and perhaps more beneticent. It is the same with regard to 
the arts. Our great works are few. Be it зо; but do not 
these very great and maguificent buildings of former ages tell 
another tale, viz, of labour unremunerated ; of large popula- 
tions pressed down by serfdom; of education little spread; of 
опе order, and one order alone, that of the clergy, absorbing 
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in itself, not merely all that was spiritually good and great, 
but even all that comes under the term of temporal prosperity ? 
Let us hope, then, that the work of architecture, if carried on 
by men of inferior genius to those who decorated the Parthenon, 
or raised to the skies our noble minsters, may be practised in 
а spirit certainly of wider usefulness, and with aims not leas 
beneficent. 


----<--- 
INSTITUTION OF CIVIL ENGINEERS. 


April 24th.—The first Paper read was “ On the Performance, Wear, 
and Cost of Маімелалсе of Rolling Stock.” Ву T. A. RocBUssEN, 
Assoc. Inst. С.Е. 

This communication related to the statistics of three Prussian rail- 
ways—the Cologne-Minden, the Bergish-Maerkish, and the Rhenish—® 
the general circumstances of which were stated to be somewhat similar. 
Tho tables embraced the particulars of the engines, and of the carriages 
and waggons, with the expense of repairs and renewals, the work done 
by the engines in 1864, the cost of motive power, the repairs and 
renewals of engine-tyres, and the commercial results. Also the expe- 
rience of the wear of tyres on the Cologue-Minden Railway for the 
twenty years from 1845 to 1864 inclusive, embracing the results of 
observations upon about twenty-five thousand tyres, of different makes 
and of different materials. 

It was stated that, on the Prussian railways, the iron-spoke wheels 
were gradually replaced by disc wheels, which at first were of wood, but 
latterly they were entirely of iron. "The first form of iron disc, adopted 
in 1848, was that of a bulged star; а wrought-iron plate, flanged to form 
the periphery of the wheel, was indented with five triangular bulges from 
the boss, which was cast on the plate forming the disc. This wheel had 
proved to be very durable, but it was uoisv, and, the boss being 11} 
inches in diameter, the structure was heavy. It, however, supported 
the tyre evenly and well, and referenve was made to a pair of these 
wheels with iron tyres, which had run 116,000 miles without requirin, 
turning, and being still 1} inch thick, it was thought they would last up 
to 250,000 miles. Іп 1802, a dished wrought-iron disc wheel waa intro- 
duced, the manufacture of which was buth cheap and expeditious. But 
the fine grain iron necessary to insure a sound flanging for the periphery 
of the wheel made it too rigid. Attention was then directed to the 
means of obtaining elasticity both in the form of the dise and in the 
material used. Accordingly fibrous iron was employed, and the fiat, or 
dished dise, was corrugated, the periphery being formed by а rim of fine 
grain angle-iron, rivetted to the disc plate. Subsequently the disc and 
the rim were welded together, and about the ваше time the Bochum 
Company introduced steel castings, in the corrugated form, of combined 
disc and tyre. In the improved form of the corrugated wrought-iron 
disc, brought out in 1864, the iron used was highly fibrous. Several 
slabs were forged to the shape of a double cardinal’s hat. This bloom 
was re-heated twice, and by frequent and quick rolling was enlarged to 
about 3 feet in diameter. The rim was welded on under the steam 
hammer, which at the same time punched the hole in the boss for the 
axle, and gave the form of the wave to the disc plate. After turning 
up the rim, the tyre was shrunk on and bolted. Since 1864, the tyre. 
whether of steel or of iron, had been welded on to the disc wheel by 
hydraulic pressure. In this form, it was believed, the dise wheel offered 
the greatest amount of strength: the fibrous iron gave elasticity, the tyre 
was supported in every part, there were no joints, bolts, or rivets to 
wear louse, and after the tyre had been worn out, it was simply necessary 
to turn it down to the thickness of an ordinary wheel rim, and to shrink 
on another tyre. lt was asserted that, with steel tyres, these wheelx 
would run from 300,000 to 500,000 miles before requiring а new tyre; 
and that by grinding the tyres instead of turning them their life would 
be prolonged froin 50,000 to 60,000 miles. 


The second Paper read was ** On the Resulta of a series of Observations 
on the Flow of Water off the Ground, in the Woodburn district, near 
Carrickfergus, Ireland; with accurately recorded rain-gauge registries in 
the same locality, for a, period of twelve months ending 30th June, 1565.” 
By Ковект Маххіхс, М. Inst. С.Е. 


It was stated that the surface of the ground was chiefly composed of 
bare mountain pasture and grazing land, the surface rock being almost 
entirely tabular trap, overlying the chalk, with here and there patches of 
green sand. Three rain gauges were placed at the respective elevations 
of 300 feet, 750 feet, and 900 feet above the level of the sea; and two 
stream gauges were erected, one on the southern branch of the river, 
which received the drainage of 2076 acres, and the other on the nortbern 
branch 1329 acres, The stream gauges were rectangular notches with 
sharp edges, such as were used by Mr. Francis, at Lowell, and the 
formuls for calculating the discharge was that deduced from those well- 
known experiments. The observations were nearly eight hundred in 
number, and were recorded in an Appendix. From a summary of the 
results it appeared that the rainfall for the year was 35-867 inches, or 


Sune 1, 1886) 


pearly 18 per cent. above that of Belfast. For the six months from 
November to May the rain was 14:766 inches, producing a flow of 
14:351 inches, while from May to November these quantities were 
21-101 inches and 7:357 inches. The minimum flow off 1000 acres 
occurred in August, and amounted to ll cubic feet per minute; the 
maximum, in September, to 3180 cubic feet per minute; and the mean 
monthly flow was at Ив minimum in July, and waa 29 cubic feet per 
minute. 

The particulars of one year's rain having been thus ascertained, it was 
assumed that the rainfall on the Carrickfergus mountains bore а constant 
ratio to that at Queen's College, Belfast, where a daily register had been 
kept for fourteen years, and that it was the greater by 16 per cent. The 
results then arrived at were, that the maximum rainfall in 1852 was 
47-71 inches, the mean for the fourteen years 1851-64 was 38:42 inches, 
the average of the three dry years 1855-6-7 was 32°76 inches, and the 
minimum ір 1855 was 28:8 inches. 

The question then remained, how much of this rainfall was available 
for water supply. Twenty or thirty years ago, the evaporation was 
taken ва proportional to the rainfall, and was variously estimated at one- 
sixth, one-third, and two-thirds of the mean annual rain, according to 
circumstances. Now the balance of opinion seemed to be, that the 
amount of evaporation was not proportional to the rainfall; that it was 
either constant, or within narrow limite, where there was an identity or 
similarity in the physical features of the districts compared; that it 
varied under different circumstances in this kingdom from 9 inches to 
19 inches; and that its amount in any particular case must be left to the 
experience and judgment of the engineer. 

The author calculated that the loss, or the difference between the 

rainfall and the supply, which was the resultant fact of greatest impor- 
tance to the і , Varied іп the Woodburn district from 11°79 inches 
to 15°16 inches, the mean annual loss being 13°71 inches. The supply 
ranged from 14°57 inches to 35:87 inches, the mean annual supply being 
24-71 inches. The years of maximum and minimum supply were also 
the years of maximum and minimum winter rain. In the years 1856 
and 1857 in which the rainfall only differed by 0°41 inch, the difference 
in the 1068 was 3:22 inches, arising from the fact of there being a winter 
rainfall of 15°96 inches in the former, and of 22°03 inches in the latter 
year. 
The particulars were then given of the storage required for all quan- 
tities from the mean annual supply down to that of the minimum year, 
from which it appeared that to store the whole rain yielded by the 
Woodbarn district, 24-71 inches, a reservoir capable of containing 481 
days’ supply would be ; for the average of the three dry years, 
18:28 inches, 182 days’ would be required; while for the minimum, 
14:57 inches, 119 дау” would be sufficient. Diagrams were added 
showing the storage worked out for each month of the fourteen years, 
and for quantities of 24:72 inches, 20 inches, and 18 inches, and showing 
the state of the reservoir for a supply of 24 inches for eleven years, and 
20 inches for the three dry years. lt was remarked that, although the 
water in store attained Из minimum in different years, that minimum 
invariably occurred іп the month of October; and that, as regarded the 
economical supply of water from the district under consideration, it 
would not be prudent to attempt to atore a greater quantity of rain than 
about 10 per cent. over the average supply of Ше + dry years, pro- 
vided the extent of the gathering grounds could be increased. 

The question of water power was then incidentally alluded to; and it 
was remarked that in dealing with useless and injurious floods, and in 
providing a town supply, care should be taken not to induce the destruc- 
tion, by instalments, of the whole water power of the country, and 
injuriously to interfere with the natural regime of rivers. The propor- 
tion of the mean annual flow of both branches of the Woodburn River, 
from a rain basin of 4750 acres, applicable to the supply of Woodlawn 
Mills, was then determined, and the calculations and resulta were given 
in detail The tables showed, that of the total flow off the ground, 
21-71 inches, there was lost on Sundays and by floods 12:22 inches, 
leaving 9°49 inches, or nearly 44 per cent., available for thé supply of 
the wheel, which was equivalent to 194 days full work during the year, 
or 1°78 times the mean flow of the stream. If the capacity of the wheel 
were reduced to 1:5 of the flow, it would work for 213 days, if to 1:25 
of the flow for 218 days, and if just equal to the flow, it would work 
243 days. 


May 8.— The paper read was “ On the Water Supply of the City of 
Paris.” By С. В. BUENELL, M. Inst. C. E. 

This communication was principally confined to the methods adopted 
for securing the quantity of water required, and for its distribution and 
delivery; avd was founded upon information obtained from M. Belgrand, 
the engineer-in-chief, as well as from numerous official documenta. 

It ap that when this subject was first seriously entertained by 
the municipality of the enlarged city, іп the year 1860, the population 
of Paris amounted to upwards of 1,600,000, and the quantity of water 
available from various gources was only 32,563,028 gallons per day, or 
rather more than 20 gallons рег head per diem; but a largo portion of 
this was used for municipal purposes, and nearly the whole of it was 
objectionable in quality. A careful study of the Paris basin, with a 
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view to ascertain ita capacity for furnishing a water supply, as dependent 
upon the geological conditions of the district and upon ita meteorology, 
that had been carried on since the year 1844, showed that the basin of 
the Seine was formed of а part of the granite eruption of the Morvan, 
succeeded by the Jurassic deposita, without the intervention of the old 
and new sandstones, or any trace of the carboniferous formation; 
the Jurassic deposita being in their turn followed by the cretaceous 
formations, and the whole being covered with the tertiary strata around 
Paris itself. It was remarked that French engineers and chemists 
attached great importance to the presence of the bi-carbonate of lime in 
water for drinking p ; and that they held that a proportion of that 
salt, about sufficient to produce 16° of Dr. Clark's scale of hardness, waa 
positively beneficial. Accordingly, in selecting the source, M. Belgrand 
gave the preference to the waters that filtered through the calcareous 
formations that outcropped around the granite. The waters of the Dhuis 
and of the Surmellin were brought to Paris, from the plains of Cham- 
pague, by an aqueduct, apte wardi they flowed by gravitation, reaching 
the city at a somewhat higher level than had bæn calculated npon. 
The authorities had also purchased the right to take a considerable 
quantity of water from the river Marne, at St. Maur, above ita junction 
with the Seine ; while the waters of the Somme Soude had been at 
present passed over, and were left for the future extension of the works. 
The springs of the Dhuis had yielded, in the driest веааоп of the last 
twenty-one years, 6,698,400 gallons per day, and those of the Surmellin 
from 450,000 to 670,000 gallons per day. It was however believed 
that, by a series of operations connected with the drainage of the head 
lands surrounding these springs, the quantity from both these sources 
might be increased to 9,000,000 gallons per day, even during periods of 
prolonged drought. These streams after being united were led to Paris, 
in an aqueduct of masonry, that was never lesa than 4 ft. 6 in. high, and 
was at times increased to 5 feet. It was carried on arches in those 
positions where the depression of the valleys did not exceed 38 feet, and 
where greater, a cast-iron syphon, 8 ft. 4 in. or 3 ft. 8 in, interna] diameter, 
was substituted. The section of the aqueduct was in general ovoidal, 
but in places the sides had a curvilinear batter, according to the nature 
of the strata traversed. Its inclination was as a rule but that of 
the ayphons was үйіру in order to accelerate the disc through 
them. It was calculated to deliver 9,810,476 gallons per day, when 
ing to within 1 foot of the crown of the arch, into thu reservoirs 
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the Seine. The materials employed in the execution of the masonry 
were ‘‘ pierre meuliere” set in the cement of Vassy; the whole of the 
interior and of the outaide of the arches being “ rendered,” to avoid 
interference with the flow from the roughness of the surface, and to 
prevent the infiltration of the land waters. 

The quantity of water obtained from the river Marne, at St. Maur, 
was about 9,000,000 gallons per day, when all the water wheels were at 
work. This was pumped into a second story of the reservoir of Menil- 
montant, at а height of 287 ft. Тіп. above the Seine. This water was 
tolerably pure and limpid, but it was rather hard, containing a consi- 
derable proportion of bicarbonate of lime, in conjunction with a sensible 
quantity of the carbonate of magnesia. 

From the several sources which had been described, it was believed 
that a supply of 15 million gallons per day would be obtained in the 
course of this year, or, together with the existing supply, a total of 
upwards of 47 million gallons per day for a population of 1,667,841. 

On the left bank of the Seine there recently been purchased a 
series of springs rising from the chalk formation, at Armentieres, in the 
valley of the Vanne, and their volume would be increased by the springs 
of Chigy, St. Philbert, Malhortie, Theil, Noe, &c. These waters would 
be led to Paris by an aqueduct 104 miles in length, and it was calculated 
that the quantity that would be so delivered would be equal to 22,328,000 
gallons per day. When all the works for improving the water supply 
were completed, including the supply derived from the Marne, the Canal 
de l'Oure and its increase, the Artesian wells about to be sunk in various 
parts of the city, &c., it waa estimated that there would be a gross total 
of 105,388,160 gallons per day, a quantity more than ample for a much 
larger population than that of Paris was likely to become. But it must 
be borne in mind that the waters of the Canal de ГОпге would still 
constitute more than one-half of the whole quantity, and as this canal 
was navigable it was exposed to various sources of impurity. In future 
two sets of pipes were to be established; one to supply spring water 
from the Dhuis, the Marne, and the Vanne, the other to supply the 
waters of the Ourc and the Seine for the services of the street washing, 
for the monumental fountains, and for other p of municipality. 
The water now taken from the Seine was distributed with all the impu- 
rities it might contract during either seasons of flood or of drought. An 
inconsiderable quantity was filtered, in the interior of the town, at the 
“ fontaines marchandes,” but the revenue derived from this was equal 
to about one-seventh of the total sum received for the sale of water in 
the course of last year. 

Fourteen reservoirs were at present in use, of which four were reserved 
for the waters of the Oure, nine for those of the Seine, and one for those 
of the aqueduct of Arceuil. Of these the last, and two whioh now distri- 
buted the waters of the Seine, were to be abandoned on the completion 
of the new works. The reservoirs at Menilmontant and at the telegraph 
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of Belleville, lately constructed, were intended to receive the waters of 
the Dhuis and of the Marne; and they were calculated to contain 
together, in the two stories of arches of which they were composed, 
about 294 million gallons. ‘lhe cubical contents of the existing reser- 
voirs, without including that of the Basin de la Vilette, at the extremity 
of the Canal de ГОшгс, amounted to nearly 23 million gallons. А de- 
scription was then given of the reservoirs of Passey and Menilmontant ; 
and with regard to the former it was remarked, that all the skill and atten- 
tion of the French engineers had been employed in vain, in the attempt to 
prevent the action of atmospheric causes upon the masonry, which had 
given serious grounds for uneasineas, owing to the contraction and expan- 
sion of the masonry. It might be that the perfection of the setting of 
the cement upon the masonry had something to do with this effect, for 
it could not yield, like an elastic substance, such as mortar of the pro- 
per quality of hydraulic lime. In the construction of the reservoir at 
Menilmontant, the surface of the excavation in Ше gypseous maris, 
which were hard when originally cut, but which yielded under the 
influence of the atmosphere, had been “rendered” with a coating of 
plaster of Paris 14 inch or 2 inches in thickness. This had been found 
to be an efficient temporary protection from disintegration under the 
effecta of rain and of frosts. 

The appliances for securing the effectual distribution of the water 
brought into Paris, and the quantities required for the different services, 
were then detailed ; and it was stated that the authorities undertook to 
‘leliver, when all the works were completed, gratuitously to the citizens a 
total quantity of 54 million gallons per day. Тһе execution of the 
works required for the distribution of the water to private houses and 
factories has been undertaken by a company, under an agreement with 
the town, for fifty years, dnring which time it was to collect the water 
rates, and at the expiration of that period, the whole of the estate was 
to become the property of the city. The profit arising from the 
execution of these works, at a fixed schedule of prices, and a sum’ agreed 
upon as а remuneration for the risk and trouble undertaken by the 
company, were the first charges upon the revenue, and the excess 
beyond these amounts waa shared in the proportion of 75 per cent. to the 
town and 25 per cent. to the company. In this way it had been esti- 
mated, by M. Belgrand, that during the year 1863, 17 million gallons of 
water had been delivered. Тһе receipts for the private supply іп 1864 
amounted to 3,822,760 francs from 23,074 subscribers, a number which, 
it was calculated, would be increased by 2000 in twelve months. Con- 
sidering that there were upwards of fifty thousand houses in Paris, this 
might be cited as a proof, if such were wanting, of the bad effects that 
must always attend the gratuitous supply of water upon the habite of 
daily life of the citizens. It might be added, that the price charged to 
the water-carriers at the filtering fountains was ninepence for 230 gal- 
lons, and this quantity was retailed for four shillings. This increase in 
the price was one of the principal reasons brought forward to justify the 
great outlay incurred in leading to Paris the spring water from the 
Dhuis and the Vanne. 

In conclusion, the author thought, upon a review of all the conditions 
of the Paris water supply, that it must be regarded as a commercial 
failure; for while the town paid 2,060,000 francs for salaries and repairs, 
it derived only 4,750,000 franca from every source of revenue, including 
interest and sinking fund. It might, however, fairly admit of doubt, 
whether the system had been a failure, if considered as a means of 
meeting the wants of the inbabitants, who were themselves too poor to 
pay tbe rates that would be required to defray the expense of conducting 
the water to their houses. But the system was believed to be wrong, 
inasmuch as it entailed upon the city a heavy burden for the water 
supply, which no one had a direct interest in checking, because it was 
paid for out of the town dues, instead of being made a separate charge 
upon the funds of the city. 
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COMPETITIONS, THETR PRESENT BEARING ON THE 
ARCHITECTURAL PROFESSION AND THE PUBLIC, 
AND WHAT THEY SHOULD ВЕ 

Ву Тонн Глнток. 


IN treating of the present subject I feel Iam treading on what 
some people would call dangerous ground; and, therefore, ere I 
begin Е must beg of all those whom I address, as well as of those 
who may іп any way come across this paper, to believe me to be 
perfectly sincere when I say I am in no way actuated by personal 
or petty motives, and in penning the following lines individual 
prejudice aud spite are absent from my thoughts. The matter I 
would wish to deal with is one in which I feel our profession as 
a body requires and demands reform, aud it is on this broud basis 
that I propose to take it up, in hopes that I may draw from this 
Institute au expression of opinion, followed by action so united 
and decided ая may show to the public at large and the profession 
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elsewhere, that, though Irishmen, we can do something to 
grapple with what we believe to be an evil, even though that 
evil be great, and have a strong hold upon the public. 

То begin a paper on such a subject as the present one, I should, 
perhaps, firat treat, of “Competitions” as a whole, and then 
proceed to deal with the pros and cons incident to my subject; but 

should be ouly wasting time and insulting your common sense 
if I were to linger over mere definitions. Iaccordingly pass on to 
the pros and cons. I beg of you to remember that I treat of 
competitions as they are, and what they should be, according to 
my own ideas of the subject ouly, and I throw out my remarks to 
provota discussion, aud leave the verification of them in your 

ands. Competition, I cannot but think, as it is at present, is a 
great and grievous ailment under which we suffer—not quite so 
bad іп its way as Ше rinderpest, which knows no anodyne, for I 
sincerely believe the cure of our disease lies in our own hands ; 
so I must beg of you to be more than patient with me while I 
urge on you the great magnitude of the question. 

The great points in favour of competition, so far as I have 
been able to glean them, are—the benefit to be derived by the 
young or unknown architect in the field open to all, and the 
necessity that this gives for the elder and recognised practitioner 
to keep himself up to the mark, and even with the times; and 
there can be no question but that these two points are most 
essential, and would be productive of the greatest benefit to the 
profession and public, if competitions were but fairly and honestly 
carried out. You may observe that I invariably class the pro- 
fession and the public together, and I до so advisedly, for I 
cannot but feel that the interests of one and both are identical, 
so far аз they relate to matters of competition. > 

The pros thus easily and quickly disposed of—for T think we 
must all acknowledge the truth of them in abstract principle, and 
there is no use in wasting time over details—you must permit 
me to deal with the cons in my own way. I accordingly begin 
by asserting—and that very uvhesitatingly—that the system of 
competition as it at present exists, in every way you look at it, 
is practically in opposition to all the arguments in its favour. 
What system, I ask, could contain more abuses or hide a more 
iniquitous trade in underhand dnd and jobbing? You must 
understand me that I am speaking of the system generally, and 
have not in my mind any thought of individual competitions, 
competitors, or judges. On this last word “judges” I pause, 
for I feel that nuder this head will be found the most vital of the 
ills that competition is heir to. 

Ав professional meu, are we not led to believe—nay, is it not 
forced on us—that it is our duty to lead the public mind on 
such points as these, what are true principles in art? what is 
in true taste, and what is not ?—else, where is the use of 
our expensive special education, of our lives given to the study 
of the adaptabilities of all arts, of truth and stability in archi- 
tectural art? I ask you, do we do so under the present 
system of competition? and I know your answer must be, “we 
cannot ;” and wherefore }—because naturally it is success over 
our fellows we look to, and to ride the winning horse in our 
field we must pander to the vitiated taste of those in whose 
hands the crowning of our success lies, our “judges.” After 
you I would ask “the public” to say if, asa general rule, our 
“judges” are the right men in the right place? My answer 
is, no. And it is really expecting more than human nature is 
capable of to suppose that they can be. How are they edu- 
cated to fill such a post? do they lay themselves out to gain 
such a knowledge on the subject as would warrant them іп 
undertaking to adjudicate ! does а mere smattering of art make 
them masters of their position? or does it not on the other 
hand make them all the more dangerous, as liable, from their much 
talking, to mislead others! Which of us has not come across 
that pest of our profession, the amateur architect, the man who 
considers he knows everything and can do everything, and 
therefore, when he tries it on, spoils everything? Such a man is 
often to be met on competition committees; and woe to the 
committee who has such a one for its gnide to architectural 
knowledge. It would be far better for that committee it had 
never been formed. It contains in itself the elements of all 
discord and all abuses; for at what will the amateur stop! at 
nothing, no matter how uuderhand or discreditable, to carry his 
point, and show his supposed knowledge. But this, you will 
say, is after all but natural: granted it is; but is it, therefore, 
fair play to us? I might go on, and further pull to pieces and 
show up the composition of our committees of “ judges," but for 
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resent purpose it is enough that we should agree оп the 
зи that ther are not as they shonld be; therefore be it our 
duty to aid to them, and if they do not avail themselves of our 
advice, they are to blame. I now come to competitors, and 
under that head we all, in a great measure, stand. Gentlemen, 
T must be fair and I must candid, and in answer to the question, 
How do competitors come out of competitions? I reply, not 
always with clenu hands. Now I can imagine indignant 
“judges” throwing the taunt hack in our teeth, and saying, 
u Physician, heal thyself.” Well, let us accept it, and be that 
also a part of our task. In all communities and professions I 
suppose there’ will be “black sheep,” and these we сап пеуег 
hope to cure absolutely; but we may shame them into a change 
for the better, I take it, and in more ways than one. A friend 
said to me the other evening, hearing 1 was about to read this 
r, “Competitions, to our profession, meant, Who has the 
most friends.” This, I am sorry to say, is only too true; which 
of ns bas not been told, before sending in competition designs, 
that we were wasting our time; that So-and-so was too strong for 
us on the committee; which of us has not known of canvassing 
for votes among the judges by competitors, and that not always 
sub rosa, but with a sufficient amount of concealment to make it 
a matter next to impossible to bring before this Institute? To 
go further; which of us has not heard and read of even graver 
charges made against members of our profession ? of base and 
low tricking beiug resorted to for the purpose of ensuring suc- 
cess? Gentlemen, this disgraceful system of favonritism and 
incompetency on the part of our judges, and of dodging on the 
5 of our competitors, must have, in combination with the 
utter want of knowledge of their duties on the part of both 
jadges and competitors, a damaging effect on competitions, and a 
demoralising and degrading effect on the tone of the profession, 
and on the mind of the public. И 
This із but a faint outline of some of the evils of the system of 
present-day competitions; and with these remarks I close com- 
petitions as they are, an: proceed to what they should be; though 
under this division I will also treat of many existing evils, but 
more especially in regard to their cure. First come in, all their 
majesty, our *judges;" and under this head an inherent diffienlty 
presents itself in their selection, for, although our judges may be 
persons of unimpeachable integrity, they are rarely, ifever, chosen 
as meu competent from having had their attention previously 
directed to the acquirements of the necessary knowledge which 
would enable them rightly to adjudicate on, much less to under- 
stand, the points and beauties of the plans submitted to them; 
indeed, in most cases our “ udges” аге at sea from the very 
beginning, and therefore, not knowing what they want, how can 
they attempt to decide, or say which plan is what is wanted 
or which the best. To meet this difficulty, 1 would propose that 
in each competition our judges should avail themselves of the 
services of an architect, who would be neutral in the competition, 
and whose duties would be, firat of all, to put iu order what is 
uired by our “judges,” во as to be clearly understood by those 
about to compete; and then, when the plans are submitted, care- 
fully to go over, and read them with him, and explain to the 
committee, the “ins and outs” of the various plans. Ав І take 
it, it is quite impossible for any one, without a very large amount 
of experience, to read а plan, or follow out arrangements and 
economy of space, combined with convenience, beauty, suitability 
and stability. In the foregoing passage I have spoken altogether 
of “ plans,” and I feel very confident that if in competitious plans 
were all that were sought for in the first ihstance, the arrange- 
ments would work much more satisfactory than at first glance it 
may appear, as I think we may take it for granted that the man 
who can make a good plan can make a good elevation; bnt eveu 
supposing such was not the case, and that it did not follow, then 
let there be either a second competition for an elevation to the 
accepted plan, or let the consulting architect be employed to 
carry out the work. The adoption of the above suggestion 
would quite upset that abominable and unfair system of choosing 
a design in consequence of its elevation being pretty or of a par- 
ticular style, which, when it ia about to be carried into execution, 
from its excessive cost has to be stripped of every thing which 
in the firat place recommended it, and ou the completion of the 
work it stands a disgrace to all concerned, and a monument of a 
flagrant injustice to other competitors, who honestly “ cut their 
сома according to their cloth.” Our judges should further 
remember that the agreement by architects to compete on the 
oertain terms laid down, if acted up to by the architects, becomes 
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a mutual contract, which is morally, and I even believe, legally 
binding on our "judges; and I would go so far ав to say that, 
in not carrying out the terms of their agreement to the letter, 
our judges in many cases leave themselves open to actions at law. 
As an institute 1 think we should be very glad to give assistance 
to wronged competitors in some of the very glaring cases of 
dishonesty and jobbing that unfortunately do occur. Our 
* judges" once made answerable, such a case would have a more 
wholesome effect in checking the evil than any other remedy. 
Strong measures are necessary to eradicate deep evils. Ina 
former passage I recommended that the services of an architect 
should be had in all cases, but I also think it would be most 
desirable, in cases when other professional knowledge would be 
of use, that the services of members of other professions should 
also be called into requisition, and for this purpose—that the 
instructions as to what is required should be as clear and concise 
ав possible, but at the same time іп no way confining or restrict- 
ing architects to any рима arrangement, except where the 
same is necessary, and theu it cannot be too distinctly stated; if 
rooms of a certain shape or size are desirable or necessary, this 
should be specified; as also if there be a preference for, ora 
leaning to, any particular style. We all know that in many 
cases our * judges" confess their inability, and are very glad of 
any suggestions that may be made to aid them in their, at all 
times, if fairly and honestly carried out, most arduous task; who 
are, therefore, so fit to make these suggestions ая the members 
of our profession, or who have a better right or should more 
thoroughly understand the subject? Therefore, as I feel it is 
just as much for the interests of the public and the profession, 
I submit for your consideration whether it is not most desirable 
that we should now take some steps for the better regulation of 
competitions; and, as a stepping-stone in the right direction, I 
shall submit to this meeting a few heads to be discussed, that, 
when whipped into shape and worked out in detail, may form a 
basis for future competitions. Before doing so, however, and 
leaving our “ judges,” I will give them a hint, by the way, that 
although ыы cannot premiate all the designs submitted, good 
manners might suggest to them sometimes the propriety of at 
least thanking the unsuccessful competitors for their trouble, 
expense, and 1088 of time. 

1. Inasmuch as it is absurd of our “judges” to state the 
amount of accommodation required, and then to вау it must be 
done for such a sum—in other words, insisting upon having a 
quart and paying for a pint—it is desirable, if they specify the 
accommodation, they should give only an approximate idea of the 
cost, to be kept in view as much as possible by the competitors; 
otherwise, if they give the exact amount of outlay, it is desirable 
that the required accommodation should be only approximately 
stated. 

2. In cases where the outlay is distinctly stated, inasmuch as 
itis most difficult to come to a true decision as to the cost of the 
proposed building, an approximate estimate on some general 
system is desirable. I would, therefore, suggest that our “judges,” 
with professional assistance, should find out a fair average price 
E cube foot for executing works in the locality of the proposed 

uilding; that a margin of 10 per cent. should be allowed to 
cover difference in ornament, &c., and that one of the first steps 
taken by the committee, through their professional adviser or 
surveyor, should be to cube the various buildings, and set aside 
at once any that came above the mark. 

3. That, inasmuch as the present ratio of premiums is not а 
sufficient or a fair remuneration, and therefore cannot command 
the attention of first-class men, premiums should bear а direct 
ratio to the value of the work, and be at 11 рег cent. 

4. That, inasmuch as 5 per cent. is not sufficient remuneration 
in cases where the architect has been successful in competition, 
the full amount of the premium that he may be entitled to should 
be paid iu addition to the usual fees. 


— 2- - 


ОМ GRANITE WORKING.* 
By Свовов W. Мот. 

Іт is not my intention to attempt a scientific account of the 
origin, composition, and geological place of granite. It is in- 
tended chiefly to exhibit granite as it is in the rongh, show what 
can be done with it by art, and state how and where it may be 
procured. 
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- The districts in Scotland from which granite is chiefly obtained 
are Aberdeenshire, Argyllshire, Dumfriesshire, and the stewartry 
of Kirkcudbright. In Aberdeenshire and Argyllshire the grey and 
red varities are found, but in the south of Scotland the grey only, 
and that generally of a very light shade. 

Although Aberdeen has acquired the reputation of being the 
source of the granite now so much used for architectural and 
monumental purposes, very little of the finer qualities can be 
had from the immediate neighbourhood of that city. The quarries 
from which the granites worked in Aberdeen are chiefly obtained 
аге situated at distances varying from thirty to fifty miles to the 
north and west. 

The red-coloured granite is quarried at Peterhead, 45 miles by 
rail to the north of Aberdeen, and the finest of the blue grey at 
Cairnegall, about seven miles south-west of Peterhead. А very 
fine black grey has also been found near Alford, on the line of 
rail from Aberdeen to that town. Тһе old quarry of Rubislaw, 
near to Aberdeen, and from which the stone used in building one- 
half of the city has been obtained, supplies a granite which, 
when polished, exhibita a fine dark blue colour and well-marked 

in. Ithas hitherto been a favourite for monumental purposes, 
But of late the quarry Баз been in a condition unfavourable for 
the production of pieces of a large size. 

The granites of Argyllshire, and especially the red and pink 
varieties from the Island of Mull, are becoming favourites for all 
purposes, architectural and monumental. These fine granites are 
quarried on the west side of the Island of Mull, on the eastern 
side of the Sound of Iona. The Tormor quarry, from which the 
darker reds are taken, is within a mile of the venerable cathedral 
of Iona. The pink variety is got at North Bay, а few miles to 
the north of Tormor. These quarries are worked by the Scottish 
Granite Company, and from them stones of any practical dimen- 
sions may be readily obtained at any time. Notwithstanding the 
great beauty of the colour and grain, and the large size of the 
stones which may be there obtained, the Mull granites are com- 
paratively unknown in London. Mr. Gilbert Scott is the first 
architect who has appreciated their value, and he has used them 
extensively in the beautiful memorial now rising in Hyde-park 
to the memory of the late Prince Cousort. 

Very fine granites are obtained in the south of Scotland. The 
quarries at Kirkizabreck, belonging to the Liverpool Dock 
Trustees, are among the finest in the kingdom, but they are 
almost altogether employed for engineering purposes, not being 
Suitable for polishing, on account of the light colour. The 
granites best suited for polishing, for monumental purposes, are 
those in which the colour, when polished, is darker than when 
only fine axed or worked with the chisel. The Dumfriesshire 
gtanites do not rank high for this quality, and are not used 
except in combination with the darker coloured stone. They are 
also very full of the ugly black Spata which so disfigure a polished 
stone. From these spots, the Mull red and pink varieties are 
very free, compared with the red granite from Peterhead. A 
granite of somewhat better quality is had from Craignar, a 
wooded bill near Dalbeattie, a village about thirty miles eastward 
of the Liverpool quarries. From Craignar a considerable quan- 
tity of the store used in the construction of the north side 
Thames embankment has been drawn. Nearly all the quarries 
in the kingdom have been drawn upon to supply stone for that 
great work, and considerable difficulty has been felt in meeting 
the demand. The Mull quarries supplied a portion previous to 
the erection of polishing works by the company. Tbe product 
of the quarries is now consumed for the most part in the manu- 
facture of monuments, columns, &c., for ornamental purposes. 

It is remarkable that granite is obtained from places so few in 
number, and so far apart as Peterhead, Aberdeen, Iona, Dumfries, 
and Glasgow, but such is the fact. It is very difficult to get a 
supply of stone of good quality, and considerable expense has to 
be incurred, iu the removal of superincumbent soil or worthless 
rock, before stone of a quality that can be profitably worked is 
obtained. The profita blanes of a granite quarry depends in a 
great measure upon contiguity to a general market, where the 
smaller stone, resulting from the quarrying of large blocks, can 
be readily disposed of. In some quarries rubble is sold at the 
low rate of one shilling per ton weight; in others, where even 
that price cannot be got, it is thrown into the sea or into a waste 
heap. The quarries in Aberdeen derive a great portion of their 
profit from the sale of stone used in building there, and the 
manufacture of paving sets for the London market. The price 
^r value of granite varies greatly ; for while rubble is sold at a 
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shilling per ton, ten shillings per cube foot, or one hundred 
n pur times the price of rubble, is cheerfully paid for a finer 
ock. 

In quarrying granite, or in the selection of a point in а mass 
of granite to be quarried, attention has to be paid to the lay of 
the rock. In the Cairngall quarry, belonging to the Messrs. 
MacDonald, the stone lies from east to west. Тһе east side of 
the hill is therefore that on which their quarry is situated. 
Another firm who opened a quarry on the eame hill, but on the 
west side, had to abandon the working. The pests of granite, by 
which we mean the masses that stand separated from each other 
by dries or natural divisions, were the quarry worked on the 
side to which they incline, would fall upon the workmen engaged 
beneath them. 

The forces employed in breaking the masses of rock into the 
dimensions desired are powder and the wedge. In using powder, 
a hole is “ jumped” to the depth required, and being filled with 
powder ДЕ. closed at top, it is fired with a fuse, timed to allow 
the workmen to retire to a safe distance. 

The first shot generally does no more than shake the rock 
round the hole, and make a number of cracks. The hole is again 
charged, and these cracks become filled with powder. е 
greater quantity of powder produces a greater effect, and the rock 
1s further shaken and opened up. А third shot generally brings 
down the mass, and makes it available for the cutters to shape 
into blocks. This is done by wedging, or the “plug and feather,” 
the latter being a short piece of steel inserted in a hole in the 
stone between two thin pieces of iron. By striking the plug with 
a heavy hammer the stone is split into pieces of the size desired, 
At the Kirkmabreck quarries no powder is ever used, but the 
stone lies in the most favourable position for detaching. It is 
desirable to use as little powder as possible, as otherwise the rock 
is frequently shattered in a way not intended, but it is not 
possible in every quarry to dispense entirely with its use. 

No material is to be compared with granite for monumental 
purposes. Besides the beauty of the stone, it possesses the great 
recommendation of durability. Of what service is а monument 
of freestone, the inscription upon which will last possibly during 
the lifetime of those hy whom it has been erected, and perish just 
at the time when it was expected to inform a succeeding genera- 
tion of the virtues of the person whose memory it was intended 
to perpetuate? We frequently are employed to renew, in granite, 
tablets of freestone that have been fixed in church and church- 
yard walls, and which, from decay, can no longer serve the object 
for which they were originally designed. 

Granite is now being very largely used for ornamental purposes 
in buildings, and I do not donbt that its use will very greatly 
increase, and that it will come to be used with greater skill and 
discrimination than it now is. The sameness of the colour of, 
say thirty, forty, or more columns on the front of a bank or other 
building, when all are of опе colour, is not pleasing. Would it not 
be better to employ a variety of colours, or a variety of shades of 
the same colour. 

Take any of the colours of the specimens now before you on 
the table. Let it be the dull, flesh-coloured red of Peterhead, or 
the livelier hues of Tormor from Mull; the light grey from 
Kirkmabreck, or the dark from Rubislaw ; or even the unique 
and delicate pink from the north Bay of Mull, and it is impossible 
to come to any other conclusion than this, that the front of any 
building constructed wholly of any one of these colours will not 
be во beautiful as it would be if their varied colours had been 
judiciously combined. Great variety and beauty may be pro- 
duced also by varying the style of work. Let the base be rough 
rock, the first courses above rustie, the next single-axed, and the 
highest fine-axed, and let their dull, solid surfaces be varied by 
polished columns, pun lintels, and string-courses, and & 
building worthy of the greatest name in architecture, or the most 
honourable purposes to which any building can be applied, would 
be the result. 

In selecting granite it is advisable to consider the purpose to 
which it basto be applied. The stone best suited for a monument 
or a column in a position where it can be closely inspected, may 
be of a finer grain than if it has to be placed at a higher eleva- 
tion. I have seen buildings with very fine columns of gre 
granite, so small in the grain, that at the distance from which 
they could be seen the etfect was no better than if they Вай been 
80 many cylinders of zinc. 

Apart from all commercial considerations, which may be ваз- 
pected to influenco one engaged in the granite trade, I should 
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like to see granite used for the external front walls of buildings. 
Which company will be the first to have an office of which the 
front shall be wholly of polished granite? The cost would not 
be во t as may be supposed. The more extensively granite 
ін employed the cheaper can it be supplied. 

Granite may also with advantage be more largely used for 
interiors. А polished granite atair and staircase would be a very 
beautiful thing, and granite columus form a beautiful feature in 
a hall or corridor. By the combination of various colours a 
composition of preat beauty can be produced. 

Jt may be interesting to notice shortly the manner in which 
the stone is changed from the rough to the smoothly-polished 
surface. The form is given to the stone by the hands of skilled 
masons, in much the same way as is done with other stones of а 
softer nature. Of course the time required is considerably 
greater in the case of granite ав compared with other stones. If 
the surface is not to be polished, but only fine-axed, as it is 
called, that is done by the use of a hammer composed of a 
number of slips of steel about a sixteenth of an inch thick, which 
are tightly bound together, the edges being placed on the same 
plane. With this tool the workman smooths the surface of the 
stone by а series of taps or blows, given at a right angle to the 
surface operated upon. By this means the marks of the single 
axe, by which the blows are given obliquely on the surface of 
the stone, are obliterated, and a smooth face produced. 

Polishing is performed by rubbing, in the first place with an 
iron tool, and with sand and water. Emery is next applied, then 
putty with flannel All plain surfaces and mouldings can be 
done by machinery, but all carvings, or surfaces broken into 
small portions of various elevations, аге done by the hands of the 
patient hand polishers. Тһе operation of sawing а block of 
granite into slabs for panels, tables, or chimnev-pieces, is a very 
slow process, the rate of progress being about half an inch per 
day of ten hours. 

The machines employed are few and simple. They are techni- 
cally called lathes, waggons, and pendulums or rubbers. Тһе 
lathes are employed for the polishing of columns, the waggons 
for flat surfaces, and the pendulums for mouldings and such flat 
work as is not suitable for the waggons. In the lathes the 
column is placed, and supported at each end by points, upon 
which it revolves. Оп the upper surface of the column there are 
laid pieces of iron, segments of the circumference of the column, 
The weight of these pieces of iron lying upon the column, and the 
constant supply by the lathe attendant of sand and water, emery, 
or putty, according to the state of finish to which the column has 
been brought, constitute the whole operation. While sand 18 
used during the rougher stage of the process these irons are bare, 
bat when using emery and putty, the surface of the iron next to 
the stone is covered with thick flannel. 

The waggon is a carriage runniug upon rails, in which the 
pieces of stone to be polished are fixed, having uppermost the 
surface to be operated on. Above this surface there are shafts 
placed perpendicularly, on the lower end of which are fixed rings 
of iron. These rings rest upon the stone, and when the shaft 
revolves these rings rub the surface of the stone. At the same 
time the waggon travels backward and forward upon the rails, so 
as to expose the whole surface of the stone to the action of 
the ring. 

The pendulum is a frame huug upon hinges from the roof of 
the workshop. To this frame are attached iron года, moving in 
a horizontal direction. In the line upon which these rods move, 
and under them, the stone is firmly placed upon the floor. 
Pieces of iron are then loosely attached to the rods, and allowed 
to rest upon the surface of the stone. When the whole is set in 
motion, these irons are dragged backwards and forwards over 
the surface of the stone, and so it is polished. When polishing 
plain surfaces, such as the needle of an obelisk, the pieces of iron 
are of course flat, but when we have to polish a moulding we 
ronke an exact pattern of its form, and have the irons cast [ia 
that pattern. 

I have thus described the established modes of working granite. 
А Frenchman haa lately introduced machinery by which he pro- 
fesses to work and polish granite by very much the same menns 
as is used by mechanical engineers for the cutting and polishing 
of iron; but as yet, so far as is known to me, this new apparatus 
has not been found effective. 

The demand for polished granite comes from all parts of the 
world. lt is sent to every British colony, and to many parts of 
£he continent of Europe. 
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To show the rise and present extent of the polished granite 
trade, one fact will be enough:—thirty years since, the late Mr. 
Macdonald had but four men in his employment, now hia succes- 
sors employ fifty times that number. I will not boast of the 
progress of the Scottish Granite Company, but we began a year 
since with an engine of six-horse power, and I hope soon to start 
another of thirty-horse. I can also say tbat we are now engaged 
in polishing the heaviest columns ever made in Scotland. They 
will weigh about forty tons each, and I hope you will all live to 
see them on the new bridge at Blackfriars. 

These columns we have been very reluctantly obliged to make 
in sections. This has arisen, not from the quarries failing to 
produce blocks of sufficient size, or our machinery being unable 
to handle them, but from the difficulty and risk of the transport 
from the polishing works to their intended position on the piers 
of the new bridge. 

Now that the granites of the west of Scotland are becoming 
known and estimated at their proper value, and that Glasgow, 
the commercial metropolis of Scotland, with all the advantage 
of ready communication by sea and land, has entered into com- 
petition with Aberdeen in a line of business hitherto considered 
peculiar to the “granite city,” the art of working granite will 
receive an impetus greater than any yet given, and this beautiful 
and most durable of materials will be applied to purposes for 
which it has not yet been considered suitable. 


In the discussion on the foregoing paper, 

Mr. ВотьЕт, in reference to the beautiful effecta alluded to of polished 
granite of different colours for the pavement of entrance halla of private 
residences, inquired what would be about the cost of so paving a hall, say 
10 feet wide and 20 feet long. 

Mr. Muir replied, that would be a superficial area of 200 feet, and 
would cost from £120 to £130, or about 12s. 64. per square foot. That 
would include slabs of various colours. A portion of the floor of Norwich 
Cathedral had been paved with polished granite, and the effect waa very 
beautiful. The thickness of the granite made but little difference in 
expense, which would be the same whether the slabs were two inches 
thick or one foot; the cost being not so much іп the material itself as in 
the cutting and polishing. The most practical thickness for pavement 
was 24 to 3 inches, With regard to the alleged difficulty in the trans- 
port of large blocks, he might mention that the Scottish Granite Company 
had furnished four blocks for the Albert Memorial in Hyde-park, 
weighing 60 tons each. On the subject of accidenta from blasting in the 
quarries, they were not unfrequent, but for the most part they arose 
from want of due care on the part of the workmen themselvea and a 
disregard of danger, which was engendered by habit, much the same as 
in coal mines. | 

Mr. CAMPIN gathered from the paper that the working of granite waa 
essentially a manual process, and that labour-saving machinery had not 
been nor was capable of being introduced to any great extent into this 
operation. (Mr. Murr said, except for polishing.) He believed some 
twenty years ago machinery for the working of granite was proposed by 
в person named Hunter, with the view of saving labour in the primary 
operations, and he had hoped to have heard this evening whether any 
practical results had attended that attempt. 

Mr. Мов replied that all the machinery yet invented for that purpose 
had failed. 

Mr. BisHoP regretted to hear that the granite columns for the new 
bridge at Blackfriars were intended to be made in sections. He had 
hoped that, in that instance, an opportunity would һауе been afforded of 
erecting monoliths which would bear comparison, to some extent, with 
those which were met with amongst the ancient remains of eastern 
grandeur. No doubt the practical difficulty in the way of monoliths waa 
the great expense of transport. There were many e monoliths of 
polished granite met with in Egypt, amongst which the obelisk of 
Heliopolis was remarkable. That was supposed to have been floated 
down the Nile. He had also noticed some very large blocks of granite 
in the ruins of Baalbec. There were in particular three blocks in the 
walls of one of the ancient temples, placed at a height of about 20 feet 
each, which were about 64 feet long and 12 to 14 feet thick. We had 
nothing in this country to compare with these, and they must necessarily 
have been transported by land carriage. The quarry from which those 
blocks were obtained was situated about two miles from Baalbec, and 
there atill remained there a similar block, almost ready for transport. 
The weight of this block was, of course, enormous, and it was lying some 
12 or 14 feet below the surface of the surrounding country ; but, if it 
were once raised, an almost level surface would be presented for its 
transport. But those blocks in the temple had been elevated 20 feet 
in the wall; if, therefore, the апсіепі were able to accomplish such а 
feat, with their rude mechanical appliances, there ought to be no difficulty 
in the management of monoliths in the present day. 

Mr. Мон remarked that the difficulty of transport waa solely of а 
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Snancial nature, and this was the most troublesome one to be got Е 
гороне4 to bring from the Mull quarry a block, estimated at 700 
5 the Albert memorial That block was 150 feet long, without 
а crack, and һе beleved it to be solid to a depth of 15 feet; but the 
wn. ve dithcuizy of transporting it to London consisted in the very great 
серепзе this во involve. It had even been suggested to take it to 
America, for a memorial of Abraham Lincoln. In the case of the large 
> wea to which be had alladed as supplied for the Albert Memorial, the 
vat of the crane alooe for lifting them was about £650, and the whole 
n.echanica! arrancements were provided at a total cost of about £1500. 
Therefore, unless the y bad a succession of orders for these large 
Lineks, they couid not be supplied, except at а very high cost. — 

Mr. Srasrr said, in reference to the more general application of 
granite for іе шы parposes, it would bo satisfactory to hear from 
Mir Muir wha: was the cost of this material as compared with other 
sse. He резак the great expense consisted in the dressing ; and 
he arem hezdal it жолы have been a very costly affair to have con- 
tai tae баскі af the Houses of Parliament in polished granite. He 
«01 be cub to hear what was the expense of dressed granite for 
х рер pupue да S with other descriptions of gtone. 

Ue. Boris wveul add to that inquiry, whether the polishing rendered 
Que crave әке süsveptible te. atmosplicric influences than when the 
weet ay was usi! Tt had been found that the small polished granite 
eesonus tt Salistury Cathedral had been subject to scaling, which was 
забие te the high degree to which they were polished. 

Ме Mets теріні that the result of twenty years’ experience with 

tabs МИ wan А КИ short time іп connection with such a material 
Ха that, w the сал of a granite obtained from one quarry in Aber- 
халах а ovetain amount of rust had taken place in that time, anda 

vant de uf the ыыы high polish had been lost, but nothing to which 
Mo мом "гапо" could be justly applied had taken place. The 
Voas ub the gento іп Ше Mull quarries was wholly inappreciable ; 
the aurtace whieh had been exposed thousands of years was wholly 
ыы ивы, Но believed the effect of polishing was in most cases to 
цаца Им durability of the stone, but any atmospheric action was 
mav хы Шұ observable on а polished than on а rough surface. With 
ком to the oost of granite for building purposes, he believed it 
со be Чем in London аба price not excecding that of some 
аа at Portland atone, Taking the ease of a building with a 
nonae of forty feet, and fifty feet high, which would comprise а 
сарайына aren of. 2000 Ícet, using tooled granite in the main portions, 
май polished lintels, columns, and architraves, the cost would be from 

‘oon ta 4400. That was for stone of two feet thickness. 

(ова TENNANT, having called attention to а paper on the “ Art 
затын of granitic surfaces,” read by Mr. John Bell in the session 
we disop 0, which Бе said elicited a very valuable practical discussion, 
самые that much might be said on the subject of granites—not only 
ut the Heoteh, but also the Cornish and Devonshire, and Irish granites; 
ний Бо was happy to find the subject was now exciting the attention of 
the public; boonuse it was a material which was undoubtedly capable of 
қама Шу oxtonded application, А striking instance of this was afforded 
in the works of the Thames Embankment, in which several descriptions 
“Гана bul been employed, and there were others as well adapted for 
the purpose ax those which had already been used. Оп a former occa- 
төн һе alluded to that Сава of granites termed syenites, differing froin 
tis ordinary kind which contained quartz, felepar, and mica, while 
„унио was coraposed of quartz, hornblende, and felspar. The latter 
was umul by the Egyptians, and some beautiful specimens were to be 
сен dn the British Museuin. There were in the Museum of Oxford the 
инон Hlustrations of granites that could be met with anywhere, and 
fof. Phillipa had there shown the applicability of many of those varieties 
uf granite which were little known at present. With regard to the so- 
called renting of the surface of granite, he believed that to be due to the 
неге of dressing, When the stone had been “starred” in the opera- 
tion of tooling, and was afterwards exposed to the weather, the portion 
ibat мы starred became liable to peel off. This was shown to be the 
iano in one specimen of Egyptian granite in the British Museum, the 
ман of а figure, where it peeled off like the outer portions of an onion, 
Showing where the axe or pick had bruised the stone, іп some cases to 
the extent of half an inch. In other instances the pressure of iron 
peritos on the stone was а cause of decomposition; the oxide of iron 
ecpanded, and burst the stone. In other cases there were large crystals 
^E враг, and in different granites these felapars varied in their com- 
„aition. In опе case there was potash felapar, and in another вода 
uses All these were pointa of great interest, and here was an 
upportunity of examining them in the different qualities of granite now 
baing used in the works of the Thames embankment. In fact, he 
Knew no eity which better illustrated the varieties of granite than did 
the city of London at present. 

Mr. Muir remarked that the starring to which Professor Tennant 
alluded was done prior to the polishing, and a slight starring might 
te taken off by the process of polishing. He believed the use of the 
vow tool (described in his paper), which they could hardly suppose to 
be ployed by the Egyptians, would obviate the starring 

‘ta effects were not produced by leavy blows upon the 
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stone, but rather by oft-repeated gentle taps, which were not likely 
to produce starring. He should be glad to hear from Professor Ten- 
nant to what extent he considered the granite in the parapets of 
London-bridge, which had been erected forty years, had decayed from 
starring. 

Professor TENNANT believed that the foot pavement of London- 
bridge did not wear away to the extent of more than one-eighth of an 
inch in four years. With regard to the effect on the parapets Бе 
would refer to Waterloo-bridge, where the decay was very trifling 
indeed. About fifteen years ago an alarm was raised that the granite 
of Waterloo-bridge had decomposed to such an extent as to make the 
bridge unsafe, and the same was said about several other public 
buildings, but after a time those alarms subsided, and the structures 
were standing, and were likely to continue to do so. If they went 
back to the works of ancient art, the obelisk of Heliopolia, which 
had been erected 3000 years, was still in good condition ; and tho 
same might be said of the obelisk brought over by Belzoni for Mr. 
Banks, at an expense of £2000, and which had been erected in front 
of that gentleman's residence in Dorsetshire. 

Mr. Murr said that as the paving-stones of London-bridge wore away 
only to the extent of one-eighth of an inch in four years, it was easy to 
estiinate how slight would be the deterioration where the material was 
not exposed to any traffic at all. 

Mr. BisHoP mentioned the great ainount of granite dust which was 
observable in the galleries of the Escurial, which no doubt fell from the 
walls, and was undoubtedly powdered granite. 

Professor TENNANT remarked that some qualities of granite decayed 
very much, especially some of the Cornish and Devonshire descriptions, 
from the decomposition of which had been produced the porcelain clay, 
or kaolin, which waa so extensively used. The late Mr. Minton enter- 
tained the fallacious idea that the supply of that material would soon be 
exhausted ; but there was no ground for this fear. This decay arose, he 
believed, from an excess of alkali in the granite, for when that was 
present beyond а certain amount, decomposition went on very rapidly. 
In the different granites there were two kinds of felspar: in fact, they 
had in granite four different ingredients; they had potash felspar in the 
white granite, and soda felspar in the red, with quartz and inica in 
addition. In the Scotch granite, and in that from Dartmoor, they had 
а form of tourmaline, which made it extremely brittle, and if it was 
employed for macadamising roads it was very soon reduced to dust. 

e CHAIRMAN stated that there was great interest connected with 
the working of a material which had been supposed to be the earliest 
formation of which this world was composed; and when properly selected 
it was no donbt the most durable of all materials, but he was afraid the 
cost would preclude any very general use of it on the streets of London, 
until cheaper modes of manipulation, by machinery or otherwise, were 
discovered. With regard to the natural decay of this stone, it was not 
necessary to say one word after the able remarks on that subject which 
had been made by Professor Tennant, but all travellers in Switzerland 
must have noticed the very rapid decoinposition of the granite which 
weut on, especially in the district of Chamounix. There could be по 
doubt that an enormous quantity of this debris was brought down from 
the upper granite forinations by the action of the weather; but the 
surface over which this action took place was so large, that the extent of 
decay at any one point was very slight indeed. Тһе light-coloured 
earthy masses that were brought down by the Aar and other rivers were 
in fact powdered granite. With regard to the cost of working granite 
for building purposes, as compared with other descriptions of stone, 
looking to the Houses of Parliament, he thought if the expense of facing 
that great structure had been double what it was, it might ТӨН сао 
have been true economy ; for that vast expenditure seemed likely to be 
wasted, inasmuch as the ornamental work was rapidly decaying. It 
was a melancholy fact that the material of many of our modern buildings 
was crumbling away even during the lives of those who had constructed 
them. Another interesting point was with reference to the starring. 
No doubt the theory of Professor Tennant on this subject was correct. 
If the starring was so deep as not to be removed by the after process of 
polishing, the effect would be apparent upon the column after a time, 
nnd that, no doubt, was the cause of the peeling, which had been alluded 
to. Aberdeen had been referred to as the ''granite city." It might 
have merits in the solidity of its granite houses, but it had the demerit 
of great monotony and coldness of colour, and the hardness of the 
material was such that there was not only monotony of colour but 
absence of ornamentation; во that, whatever other merits granite might 
possess, it could lay по elaim to the promotion of florid ornament in 
architecture. 


lec = 
ARCHITECTURAL ASSOCIATION. 


Tug annual business meeting of this society was held on the 
4th of last month, Mr. В. W. Edis, President, іп the chair. 
The alterations of Rules 4 and 5, of which notice had been given 
as mentioned in our last, were carried. The amendment on the 
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roposed alteration of Rule 5 was lost on division. In consider- 
ing the annual report of the Architectural Alliance, the paper by 


Mr. Hine of Nottingham, setting forth the propriety of making . 


the bills of quantities a part of the basis of contract in building 
works, was read by the Secretary, after which the Chairman 
рени Mr. Rickman to open а discussion thereon. 

г. RICEMAN said that this subject had been brought forward 
by Mr. Hiue, who was а man of very large experience. Тһе 
subject matter of his paper was increasing in importance to the 
profession, as stauding betweeu clienta and builders. The 
position of Ше mensurer was also becoming every day more and 
more important, because to a certain extent the architects who 
are now eugaged in large practice have not the thorough business 
habits or training which men of equal standing formerly had; 
while the class of builders with whom they have to transact 
business, if their business is of any exteut, is as much higher 
than it was. The builders of the present day were men of 
greater knowledge than those with whom architects had to deal 
years ago. The number of architects who looked solely at the 
interests of their client, without also looking at what was due to 
the builder, was increasing. It thus became of greater importance, 
for the satisfactory settlement of every building contract, to have 
all matters of detail fully cleared up before the work was com- 
menced. Throughout the country the custom of making the 
qnantities the basis of the contract was coming more and more 
iuto use, so much so that with many clients of experience in 
building they would not allow an architect to carry out works 
for them, unless he himself provided the quantities, so that it 
might be known that the drawings and specifications really agreed, 
and that the quantities were based upon them. Supposing a 
contractor undertook to do certain work on the representation 
of the bill of quantities, he was not bound to do more works 
than were enumerated in that bill of quantities. Tho reason 
that questions relating to works to be executed, had been so 
often referred, was the result to a great extent of the lax manner 
in which working drawings and specifications are got up at 
the present time. Specificatious here and Шеге went into minute 
particulare, intimating work sometimes of a very expensive 
Character, while other portions were not so minutely, if at all, 
referred to. Тһе drawings here aud there went into great 
detail. At other places construction and important features 
were neglected or ignored, and their details were required by 
Фе architect to be executed totally at variance with what any 
man of standing would expect, when compared the original 
drawings. These were things which occurred day after day, 
and were proofs of the lax and inefficient principles which 
guided many professional men at the present time. Іп many 
cases the quantities that were prepared by the surveyor for 
work proposed to be executed were considerably in excess of 
what appeared from the drawings and specifications. This 
was done because it was found by experience that when the 
drawings and specifications were utterly inefficient, the architects 
wonld still persist in introducing а great variety of work into 
the building which had not been orgiually mentioned. This 
may be seldom done with wrong intention on the part of the 
architects, but they have come to think too exclusively of their 
clients’ interest. It was quite true that the surveyor did leave 
a margin, but from experience he was of opinion that this mar- 
gin arose not from taking work too fully (for а surveyor would 
take work more closely than a builder dared to take it), but 
from the fact that the original documents placed before him were 
insufficient for the purpose, and there were architects who were 
unwilling tohave them rectified. Undersuch circumstances, should 
errors of omission appear iu the quantities, some work inust be 
omitted from the contract, in order to make up for the deficiences 
which had been found. That was not precisely a loss on the 
part of the client, because he must not expect to get more than 
he pays for. Some architects thought they could get more out 
of the builder than they paid for; they thought they could get 
a rod of brickwork for less money than others. Those who 
endeavoured to carry out, such a practical object would find that 
they would not get contractors to work for them a second time. 
There were architects of standing—nominally of standing—in 
the profession who had gone the round of all the reapectable 
contractors, but no man who had once carried out a considerable 
work for them would do so again, unless a clause was introduced 
that quantities should form part of the contract. That is to say, 
that the measure of what the builder had to do should be the 
very schedule of works un which the builder originally con- 
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tracted, and not the pleasure or whim of the architect as to what 
should be introduced into the building. It was true that a 
second surveyor was sometimes employed. This was however 
on large buildings exclusively. The great bulk of the work 
done by architects was work costing from £1000 to £5000, or 
£6000. It did not pay to have two surveyors for this class of 
work, aud one surveyor must go through the whole work. It 
was much to the advantage of the architect that a surveyor should 
doso. The specification, after it has passed through the working 
surveyor's hands, is generally greatly benefited. There were solici- 
tors in London, of large experience in building operations, who 
would not allow any contract to be signed by their clients, unless 
the bill of quantities formed part of the contract. These were 
the practical points which Mr. Hine had pointed outin his paper, 
and were of the utmost importance to members of the Associa- 
tion. Mr. Hine had not dealt with the other question as one of 
the faults of the architects of the present day. That was not his 
business. At the same time, he (Mr. Rickman) thought that 
young architects ought to look the matter most fully in the 
face; unless they made a contract with a builder for certain 
work, with a clear understanding of what the work was and 
the rate at which it was to be paid for, they would not get 
their accounts through without some great difficulty. Builders 
would know, in the second contract which they undertook, what 
allowauce to make for the caprices of the зет Тһе archi- 
tect had no advantage in ignoring the bill of quantities. Refer- 
ence tu it would greatly assist him in preparing detail drawings, 
and it would make architects more men of business to recognise 
and prepare the quantities. They would learn to look at things 
in a business way, and not merely in a quasi artistic manner. 
Mr. Rickman concluded by expressing the hope that the neces- 
sity of including bills of quantities in the contract would be 
m most strongly upon the profession through the Alliance. 

г. T. Roger Smita said he rose with views upon the subject 
which were very far from defined. А good many of the argu- 
ments which had been used might be summed up by this, that 
there was a great deal of imperfection іш the manner in which 
some architects prepared their documents; while those prepared 
by surveyors were supposed to be more accurate, and there- 
fore it was desirable the two should be embodied together. He 
wished to ask Mr. Rickman how far the arguments for the 
system which he advocated would apply to those cases where 
the architect does his duty, and prepares the specifications and 
drawings accurately aud carefully? The theory of London 
practice was, that the drawings and specifications represented 
what the architect desired to have built, and that the drawings 
showed almost everything, and the specification together with 
the drawings included or implied everything. That the archi- 
tect having thus provided for all requirements, he made an 
agreement with the builder to carry out the work; and the 
means of arriving at the expense which would be incurred 
was by the use of an instrument called the bill of quantities, 
which the contractor was supposed to prepare for his own use, 
and to get at in his own way. Several contractors were com- 
monly asked to give prices, and therefore to save trouble some 
professional surveyor prepared this bill of quantities, in blank, 
and the bnilders filled in the prices at which they respectively 
thought they could carry out the work. It depended upon their 
priees affixed to the separate items what the sum total of each 
tender would be. This document had ordinarily not been recog- 
nised by the architect or prepared by him, and was not under 
his supervision. The architect chose customarily to ignore the 
bill of quantities, and the agreement between the builder and 
the employer was that the work represented by the drawings 
and specifications should be built. If tbere were omissions in 
the drawings or specifications they were considered as extras. 
There was the advantage in this, that if an architect was 
thoroughly sure of his own work, he was independent of 
the mistakes that any other person might make, except so far 
as they might influence the amount of the tenders, At the 
same time, the architect was perfectly well aware what the 
system was; he knew that there was a bill of quantities, and 
that indeed it was ordinarily an absolute necessity such a 
document should be prepared in order to obtain tenders. It 
was therefore really the architect's interest to have a surveyor, 
upon whose judgment he could rely. It had always seemed to 
him (Mr. Smith) that it was rather a weak point in our arrange- 
ments for the architect to know that there existed a formal 
document, and to even have appointed the man to prepare that 
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document, and yet to ignore it, and not allow it to enter into 
the agreement which subsisted between the employer and the 
builder. There were, however, objections to its being introduced 
and he (Mr. Smith) was far from being prepared to say that 
these objections were not weighty. Тһе experience of those who 
had determined the present system of things was so great that 
snch а society as this Association ought to hesitate in ndopting 
any resolution which might seem to go against it. But at the 
same time he (Mr. Smith) was aware that the praetice he had 
described was not eveu in London universal; a London archi- 
tect, from whom he bad learnt much of what he knew of 
architectural practice, had told him that his uniform custom 
was to consider that plans and specifications, and bills of 
quantities together, formed the basis of his contracts with 
bnilders, and this gentleman was one of the most experienced 
architects ia London. If an architect were sure of his sur- 
veyor, the advantage of having the surveyor’s careful scrutiny 
added to his own careful work, would usually outweigh most 
disadvantages, such as those which might arise from the archi- 
tect meeting some things in the bill of quantities which he was 
not prepared for. It was in his opinion most desirable for 
architects entering practice to learn the ordinary routine of 
ae out quantities, and even occasionally to practice it. He 
(Мг. Smith) thought, if artistic men could go through such 
work without damaging their artistic faculties, it was a mis- 
fortune if this portion of the architect’s practice were never 
carried out by the man who was supposed to be responsible 
for the whole building; and if architeots prepared their own 
quantities, most of the objections which lay against the proposal 
to make the quantities part of the contract would fall to the 
ground. There need be no specification at all under such cir- 
cumstances, and the bill of quantities would take its place. 
The entire subject required careful consideration ; and it was 
A point, he begged to repeat, on which his judgment was not 


Mr. Curtstian said, the Association owed Mr. Smith thanks 
for placing the relative positions of the architect, surveyor, and 
builder so clearly before the meeting. He (Mr. Christian) did 
not quite agree with Mr. Smith in all the deductions he drew 
from the position of the three employments, though he agreed 
with most of them. Не did not agree with the tenor of Mr. 
Hines’s paper. From that paper and from Мг, Rickman’s speech 
one would infer that their arguments were based upon the sup- 
розрив that architects were incapable, and surveyors dishonest. 

e should be sorry to think this true in either case. If he could 
believe that the majority of architects were incapable of doing 
their duty, he should advocate iucluding the bill of quantities in 
the contract. But he considered that the position of those 
architecta was by far the strougest who refused to have anything 
* todo with the bill of quantities. Не had found in his own 
experience that builders often, when required to perform work 
which clearly formed part of a contract, demurred under the plea 
that it was not in the bill of quantities. In such a case, if the 
architect could say, “I have nothing to do with tho bill of quan- 
tities: ia it expressed in the drawings or specifications?" he was 
delivered from all difficulty. If he could show that the 
specifications and drawings were complete, then he could silence 
the builder at once. Не felt very strongly that the architect 
was not employed solely for the benefit of either the client or the 
builder, and that he has no more right to allow his client to pay 
for one rod of work more than had been done, than he had to 
insist on (һе builder doing а rod of work for ndthing. Не (Mr. 
Christian) did not in the lenst desire personally to object to what 
Mr. Rickman had said, but he thought that Mr. Rickman had 
dwelt somewhat too strongly on the imperfection and ignorance 
of men in the profession. He did not think there were so many 
incapable architects as Mr. Rickman had led them to infer, and 
he was sorry if that yentleman’s experience had led him to such 
conclusions. According to Mr. Rickman’s views, such men were 
not competent to make out drawings and specifications; and the 
surveyor who supplies their deficiencies ought to have part of 
the five per cent. allowed to the architect. Were the bill of 
quantities made part of the contract, the surveyor would stand’ 
in a position superior to the architect, which he (Mr. Christian) 
thought war wrong. The surveyor in taking out the quantities 
for the builder ought not to be depended on for correcting the 
architect's apecitications and drawings. He hoped that no motion 
making bills cf quantities part of the contract would be 
carried at that meeting. Hedid not wish to follow Mr. Rickman 
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in throwing blame on any part of the profession, yet it wonld be 
found that bills of quantities were not alwavs faultless. If bills 
of quantities did form part of the contract, the result would be, 


'that the bill of quantities would be brought up against the 


architect and his client's interests, under all circumstances where 
anything was omitted; but if there was a surplusage nothing 
would be said, and it would go into the builder's pocket, and the 
client would get no benefit. Ifthe present system was unsatis- 
factory it would be hetter to try another scheme altogether, such 
ав that of priced schedules, as used largely by the Government. 
However experienced and well-intending a surveyor may be, 
there would always be a margin, either too much or too little, at 
which he could not arrive. А better plan was to get a good 
schedule drawn up, and fairly priced by competition. Ву this 
means the ditficulties of alteratious and extras would be avoided, 
aud the architect, builder, aud client would arrive at a truer 
understanding ot their relative positions than by auy other 
possible means. If they could be sure that all men employed on 
the building were neither rogues nor fools, the simplest and 
perhaps the best system would be that of day-work under a good 
clerk of works. But as they could not always eusure honesty 
and common sense they must adopt some other plan: architects 
ought not to give up their position and authority in the matter 
under discussion. He was a couservative, and should prefer things 
to remain as they were. He had not been able to examine or 
discuss Mr. Hines’s paper 10 detail, but if they were to take it 
clause by clause, he was sure that the result at which they 
would arrive was, that the adoption of the system recommended 
would be injudicious and unwise. 

Mr. BLasHILL said that some years ago he had been a member 
of n committee which had the matter now being discussed 
under consideration, and a point which occurred to him at that 
time had been forgotten in the present discussion. Mr. Christian 
had said that laking out the quantities was work done for the 
builder. In the olden time there was not only competition as 
to prices, but also as to the skill of the builders in taking 
quantities with closeness to the drawings. By the present 
system that guarantee was lost altcgether. Тһе only competition 
now was as to prices, and quantities were matters about which 
the architect could not be sure at all. There might be consi- 
derably more or less work than appeared іп the quantities, 
but at all events the builder must do the work, and the client 
must рау the contract price, without any real remedy for excess 
or deficiency. If any alteration were made, it might be worth 
considering whether the contract should not be based upon 
the quantities alone. For the quantity and quality of the labour 
and materials, together with the site, were the only matters of 
importance чо the builder in forming his tender The design 
and arrangement of these materials are chief of importance 
as between the architect and hia client, and they would be 
shown by the drawings aud specifications, which under such a 
system would show the builder how and where to place the 
work he had contracted to do. "The objections to this system 
would be the expense of measuring up every work for extras 
and omissions, and the uncertainty aa to the ultimate cost, 
but from these very grave objections the present system was 
not wholly free. To make the quantities a part of the contract, 
retaining the other documents, would tend to produce disputes 
by increasing the chance of discrepancy. 

Mr. В. О. Harris said, in making bills of quantities part of 
the contract, the whole of the surveyor’s responsibility was at 
once thrown upon the architect or his client, who had to depend 
upon the ability of the snrveyor employed, a liability which few 
architects would care to accept. He did not think that architects 
—though they were expected to know a little of everything— 
could be expected to take out bills of quantities with the precision 
and accuracy modern builders require for a large building. The 
state of affairs had better remain as at present. It frequently 
happened, that all а surveyor had to guide him in takin 
quantities was а simple pencil drawing, and a few pages o 
written specifications, mere notes iu fact, for n whole building. 
Such cases occurred to his (Mr. Harris's) certain knowledge. The 
surveyor, wishing not to lose the job, takes out his quantities 
on the safe side, being responsible for them to the builder. He 
very naturally guards against loss to the builder, as he (the 
surveyor) would have to make it good. I shall support those 
members wh » vote for quantities not being part of the contract. 
Including them in it might be very desirable for surveyors, but, 
I think, it would be otherwise as regards architects. 
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Mr. Матвеув begged to propose that the Association, having 
discussed Mr. Hiness paper, should give it their cordial assent. 
In во doing, he said, from the statements which had been pat 
forth by Mr. Hine and the gentlemen who had spoken, it seemed 
that architects did not kuow their business thoroughly. Why 
should they as à rule give their drawings and specifications to а 
second person to go through to correct faults in them? Why 
should he have to re-write specifications and get over difficult 

ints? He (Mr. Mathews) thought it was most desirable that 

ills of quantities should be the basis of the contract; and, in 
cases where architects could find time to take ont their own 
qnantities, he considered they ought to do so. There was no 
better means of instructing a young man in the practical part of 
the profession than by so doing. It would greatly help to make 
an architect’s building more satisfactory to himself, and to remove 
many difficulties that would otherwise arise in carrying them out. 
It would be more just to the employer, ав he would only have 
to pay for what he really had ; aud it would place the architect 
in a right position between hia client and builder. 

Mr. Lacy W. Ringe said it was scarcely wise, at so late a 

riod of the evening, to pass such a stroug resolution as Mr. 
Mathews proposed, because it was a very important question, and 

aired more discussion and consideration, though hia own 
feeling was in favour of the motion. Most of the arguments 
which had been used had, however, been grounded on the incom- 
petency of architects. If, however, the drawings and specifica- 
tions were properly made, and the quantities fairly taken out, 
there was а reasonable prospect of their agreeing. They might 
theu be made part of one and the same contract to the advantage 
of everybody. When the time came for settliug the accounts, 
the extras and omissions might be set against each other. The 
great defect of the present system was, that even when a 
surveyor was appointed by the architect, he was iu a second 
degree only responsible to the architect, whereas he was 
pecuniarily responsible to the builder, so that in self-defence he 
took the side of the builder. As a protection to the surveyor, 
and ss leading to the quantities being taken out in more strict 
accordance with the drawings, he (Mr. Hidge) thought it would be 
better to make the quantities part of the contract. 

Mr. Smita said, һе begged to move an amendment to Mr. 
Mathews's motion, *that in the opinion of this Association the 
proposal for makiug the quantities part of the contract deserves 
consideration ; but, as а matter of fact, it is not the most usual 
course in London contracts" In moving the amendment, Mr. 
Smith said that one great difficulty in the way of making the 
quantities part of the contract was the incompetence of certain 
surveyors. He had very little personal knowledge of such 
surveyors, but there did exist a considerable number of surveyors 
who took quantities out in a very loose manner indeed. 

Mr. Curistiay seconded the amendment. 

The PnzsipENT said he thought it would be very unwise to 
carry Mr. Mathews's resolution. Нә thought it was absurd that 
an architect should be fettered іп ашу way by the work of a 


surveyor over whom he really could have no control. Such would . 


be tbe result where bills of quantities were made the foundation 
or в part of a contract, unless such bills of quantities were taken 
out by the architect himself or under his immediate supervision ; 
bat if they were taken out by an entirely independent surveyor, 
and were then made to form part of the contract, should there be 
any mistake in the bills, the result would be in most cases very 
troublesome and unsatisfactory to the architect, and probably 
also to his client ; and, at the end of the work, it might be 
necessary to have a re-measurement of the whole building, which 
would be likely to lead to much annoyance and expense on all 
sides; the architect would perhaps be overthrown, and the client 
have to pay considerably more than the contract. If, as had been 
insinuated, an architect could not make out fair and proper 
drawings and specifications, sufficient for а fair and equitable 
eontract, without quantities, he had better have left architecture 
alone altogether. Some remarks had been made as to architects 
being a lower business class of men than formerly. His (the 
President's) impression was that the architects of the present day 
had not only considerably improved in the art, but also in the 
business pornos of their profession, and that it was most 
undesirable for many reasons, which time would not now allow 
him to enter upon, for an architect to allow the bills of quantities— 
unless taken out in his own office—to form any part of the 
contract. 

Mr. Rickman begged leave to say а few words in reply: Mr. 
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Smith had asked him how he would apply bills of quantities in 
cases where the specitications and drawings were fairly made out. 
He was happy to say a very large number of the drawings and 
specifications were properly made out. In these cases the 
quantities were just as valuable as in the other cases. The 
necessity of pricing and forming an estimate involved that some- 
body should transfer the form of the work from drawings and 
specifications into the shape of а bill of quantities, unless a mera 
shot at the value of the work was taken. The bill of quantities 
must be referred to in some way or other for the purpose of any 
variation which it might be desired to have carried out. There 
were quite as strong reasons at work to make the surveyor take 
out quantities closely, as there were to make him take them out 
liberally. The surveyor only took out quantities liberally in 
cases where he suspected the architect of carelessness, and where 
he feared the builder would be down upon him for the sins of 
the architect. 

The amendment, as proposed by Mr. Smith, was put to the 
Meeting, aud on a division was carried. 

The Secretary moved, and Mr. Harris seconded, that Messrs. 
T. R. Smith, Rickman, Edis, and Christian be re-elected delegates 
from the Association for the next meeting of the Architectural 
Alliance, which was carried unanimously. 


——— dáibp- ———— 
. 


THE CHURCH OF ST. HILDA, HARTLEPOOL. 
( With an Engraving.) 


The accompanying plate illustrates the restoration about to be 
carried out in the ancient parish church of St. Hilda, Hartlepool, 
Durham. Happily, it is now rare to find a church of such 
original maguiticence іп so lamentable a state of repair. Both 
in its grand massiveness of effect, and ita chaste ornamentation, 
it is considered to surpass all other churches of the county of the 
ваше period. The tower-buttresses are unique; and the piers 
and arches of its nave, the clerestory, both internally and ex- 
ternally, and its beautifully proportioned and simpiy adorned 
chancel-arch, are also justly admired. 

The church was principally erected during the latter part of 
the twelfth century (the tower being probably a few years later 
than the nave), whilst the south door is of the eleventh, and the 
aisle windows of the fifteenth, centuries. Its style is mainly of 
the earliest period of pointed architecture. Its massive tower is 
cracked in all directions, and has a considerable inclination to 
the north-east; and almost every other part of the church is in 
want of repair. In the year 1721, during extensive alterations, 
not only were the buttresses taken away from the north side, and 
the windows modernised in the north aisle, but the noble 
chancel was curtailed to one-fourth ita original length; and the 
present arrangement of ugly, uncomfortable pews adopted, 
throwing away a large number of sittings. 

“This once magnificent building is marked by peculiarities of a рег. 
plexing description, and it is no easy task to decipher the intention of 
its architect. Especially singular are the enormously massive buttresses 
jutting from the tower. Those at the west end project above 26 feet 
from the tower, and the walls of each are respectively 3 ft. 9 in. and 3 ft. 
2in. thick, Whence this difference of substance arises has yet to be 
explained. Looking at their extraordinary form, we might fancy the 
original design had for its object a cross church, consisting of nave, tran- 
septs, choir, and chancel, and that, this intention being altered, the 
buttressea were placed against the tower to compensate for the loss of 
support which the complete members would have given it; but on a 
closer inspection of the masonry we discover portions of the walls, win- 
dows, and (upon the buttress sides) the coping stones of the roofs of 
three small chapels, attached to the west, north, and south of the tower, 
and all of the Early English period when the church was first built. The 
southern chapel, indeed, still exista. A survey of the interior of the 
tower satisfies us of the necessity of large buttresses, for they sustain the 
lateral pressure of a lofty and heavy stone-ribbed groining, which is 
undoubtedly the best constructed specimen of the kind in tho county. 
This vaulting with the clustered columns from which it springs once 
formed a fine addition to the interior of the church, from which it is now 
Beparated by a ponderous wall of later date. 

The church of Hartlepool, before the demolition of its ancient chancel, 
must have far excelled any of the churches in the county. Тһе enstern 

of this edifice, most probably owing to the fact of its being the 
тисе mausoleum, was а most remarkable building, —a second church 
of equal length to the nave, having its columns, arches, and aisles of 
the same dimensions as that part, and apparently more highly deco- 
rated. About half a century has elapsed since the repair of the chancel 
is said to have been seriously contemplated, but the consideration of 
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the subject was soon ended by the destruction of the whole, save one 
small compartment. 

In spite of the destruction of its chancel, and the introduction of 
modern framed windows into the aisles, this church is still a very 
interesting building. Its entrance doorway is а beautiful specimen of 
late Norman, and the whole exterior detail, т а of some of the 
clerestory capitals, is of very fine character. Internally there is not во 
much of elaborate execution, but the eapitals supporting the chancel arch 
are decidedly good specimens of their style, and the small capital breaking 
the continuation of one of the thin shafts is a markedsingularity. A 
specimen of the whimsical occurs in the zig-zag of the doorway, where 
(against the left capital) one of the pieces of stone is left uncarved, 
But the most remarkable oddity is the form of the south aisle arches, 
at first, they would be pronounced inaccurately drawn, or if not, deformed 
in consequence of extraordinary pressure, but the latter is certainly not 
the case, as the joints are perfect, and the superincumbent masonry 
regular, and because there is no lateral thrust to cause this most singular 
deformity. The last striking feature is the cushion of the capitals upon 
which the arches rest, but this is not peculiar to Hartlepool. Here the 
columns are attached alternately to octagonal and square shafts, and 
have circular bands or cushions enclosing the whole, both at the base and 
capitals. At Billingham, on the contrary, the columns are attached to 
a circular shaft, and the cushiona are square. But Hexham Abbey, in 
Northumberland, offers the most important specimen, for the lofty tower 
piers are inclosed with a cushion similar to that of Hartlepool.”* 


It is proposed to carry out а thorough restoration of the church» 
with a view to bring this noble fabric to something of its ancient 
grandeur, and to provide increased accommodation for the 
worshippers. In the nave, it is intended to take out all the 
present fittings and the unsightly gallery, to relay the floor at its 
proper level, to raise the roof to its proper pitch, to re-roof the 
aisles, and restore the windows both іп the north and south aisles. 
The tower will require to be treated with the greatest care. The 
whole of the foundations will require to be under-pinned; parts of 
the walls rebuilt and restored to their original design; other 
parts of the tower thoroughly repaired and bauded together (iron 
ties being used when required); and the vaulting and arches 
коену restored. It is intended, if practicable, that the large 
arch into the nave should be open. These works, from their 
nature, must be costly; for the work will have to be carried on 
with every possible precaution—stone after stone being taken out 
and replaced in a gradual manner; as it is considered most 
desirable to retain as mary of the original features of the fabric 
as possible. The chancel it can scarcely be hoped, perhaps, to 
restore to its original length; but it is purposed to rebuild it of 
such a size, that, while being sufficient for the due performance 
of Divine service, it may form a termination not unworthy of the 
splendid nave. The estimated cost of the restoration is £3500. 

he committee have secured the services of Mr. C. Hodgson 
Fowler, the architect to the Dean and Chapter of Durham. 


Rebietos, 
Fires, Fire Engines, and Fire Brigades. By Cuantes F. T. 

Youna, C.E., Mem. Soc. Engineers, Author of “The Economy 

of Steam Power on Common Roads,” «с. «с. London: Lock- 

wood and Со. 

Wuo that has lived in a large city has not been startled by the 
ominous cry of “ Fire”’—and who that has witnessed the disastrous 
effecta of a large conflagration, can fail to recognise the impor- 
tance of any investigation tending to prevent the recurrence of 
such calamities ? 

The title of the work before us, embracing as it does almost 
the entire subject of fires and their prevention, evidently requires 
from its author not only the most careful and studious research 
and examination of facts, but also the yet higher qualities of un- 
flinching truthfulness, and a determination to maintain whatever 
shall conduce to prevent the continual reappearance of that now 
almost stereotyped form of report, “ Totally destroyed,” or “ Con- 
siderably damaged"—a form, by the way, which throws a con- 
venient veil over the proportion of fires which result in total loss, 
and,as Mr. Young remarks, contrasts unfavourably with the 
distinct classification adopted in the reports of the Parisian fire 
establishment. Iu а matter involving the efficiency and manage- 
ment of men and appliances for the extinction of fire, too much 
regard cannot be paid to care and exactitude in the preparation 
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of statements which by their bearing may tend to show where 
faults exist, and in what direction amendment may be looked for. 
There is evidently at present much room for improvement, and it is 
apparent that any work which, like Mr. Young's, brings together 
the available history and experience of fires and fire prevention 
from all parts of the globe, must be of essential service. The 
time was 1n our own country when occasional fires in large towns 
were almost necessary evils, and were to be viewed much in the 
same light as we look upon the loss of a limb as being preferable 
to the destruction of the whole body. 

Of this class was the Great Fire of London, which, terrible as it 
was, at once purified the atmosphere, and did away with many of 
those miserable streeta and alleys which had formed the hotbeds 
and nurseries of fever and plague. Unfortunately, it cannot be 
aaid that we are yet entirely free from localities во built up, so 
filthy, so over-crowded, and so suited in every way to foster 
disease and death, that a clearance, even by fire, would not 
occasionally appear to be desirable ; but at the same time let it be 
remembered, that in these days we have some idea of sanitary 
laws, and that localities such as we have named are precisely 
those in which fires of any extent are least frequent. 

It is not then to fires that we ought to look for sanitary im- 
provements, but rather to their prevention, as avoiding the 
ruinous destruction of piles of property, and the utter and 
unbalanced loss of hundreda of thousands, nay willions, of 
pounds, which might but for fire have remained available, either 
directly or indirectly, for the general good. 


Наков Engins, second CENTURY, В.С, 


Mr. Young's work, which is written throughout with an evident 
desire to throw a clear light upon what has hitherto been but an 
imperfectly understood subject, commences with a chapter upon 
* Fires? generally, their causes, and hints most excellent in 
character for their prevention. This is followed by instances of 
large conflagrations, &c. We then have an excellent chapter 
upon Fire Brigades, including those of former as well as our own 
times, and pointing out existing defects. The succeeding chapter 
enters at considerable length into the meaus for subduing fires, 
and points out the weakness of the claims to originality of several 
so-called recent inventions.  Fire-proof structures, which form 
the subject of the succeeding chapter, might advantageoualy, we 
think, have been treated at somewhat ter length ; although, 
as it is, quite sufficient is said to show the fallacy of some 
commonly existing ideas, and to indicate tbe possibility of much 
improvement on present practice. 

Тһе succeeding chapter, devoted to the history of manual fire 
engines, reveals some very startling facts as to the antiquity of 
arrangements which we have been accustomed to look upon as 
being of comparatively modern origin. Of these instances the 
most notable is that of the air-vessel, the first use of which in 
connection with pumps, Mr. Young says, is usually ascribed to 
Leupold, in the year 1720, whereas, according to Vitruvius, the 
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honour belongs in reality to Ctesibua, ап engineer who flourished 
in the second century before the birth of Christ; and an illustra- 
tion is given of а double-cylinder fire engine, described by Hero 
in his "Spiritalia," with which modern improvements are in 
principle almost identical, We reproduce this very curious 
proof of the mistake we should make in supposing that ancient 
records can show us nothirg approaching in principle to the 
perfection of modern practice. The whole of this portion of the 
work, indeed, is highly interesting, and will well repay attentive 

rasal. It particularly struck us that engines of the small 
ight class, such as Roberts’ Gig Engine, and Merryweather's 
Small Manual Engine, were deserving of much more atten- 
tion at the hands of fire brigades than they have as 
yet received, inasmuch as, from their lightness, and the small 
power required to work them, they would be frequently avail- 
пе рес, ordinary brigade manuals could be brought to 
bear, and might thus be the means of effectually keeping in check, 
if not of entirely extinguishing, incipient conflagrations. At a 
certain stage, however, the larger manuals must of necessity be 
called into play, and of these two excellent examples, one by 
Messrs. Merry weather and Sons, and the other by Messrs. Shand 
and Mason, are given; Mr. Young aptly pointing out the fallacy 
of supposing that in cases of this sort a low priced, ill-made 


MusaYWEATESA'S SMALL MAXUAL Exons. 


шасһіпе can be cheap, where the grentest possible efficiency 
should at all times be maintained and available. 

The subject of manual engines is throughout treated in & very 
complete manner, the progressive steps being well marked, and 
honour given to some who have hitherto scarcely received their 
due. Useful tabulated resulta of the performances of the prin- 
cipal ay ge at public competitions are given, and enable a clear 
idea to be formed of the capabilities of engines of this class, 


which however good, as they undoubtedly are, are after all 
secondary in interest for the engineer to the more effective and 
economical steam-power engines, to which a large proportion of 
Mr. Young’s work is devoted, and which is of too much impor- 
tance to be treated in the space available in our present number. 
We therefore propose to examine it at some length in our next. 


—— aea 


THE INTERCOLONIAL EXHIBITION TO BE HELD 
AT MELBOURNE IN 1866. 


Тне Colonial Government of Anstralia have issued a commis- 
sion, under the presidency of Sir Redmond Barry, to take mea- 
sures for conducting an Intercolonial Exhibition, to be heldin 
Melbourne in 1866, and it is gratifying to find that the effort is 
receiving the well-merited support and co-operation of the 
governments of the various dependencies of the Crown in Aus- 
tralasia, and of friends and exhibitors in Europe and America. 

The commissioners remark that, “although the contemplated 
display cannot vie with the splendour of those which excite the 
rivalry of nations, purposes of the highest utilitarian and social 
importance to those immediately concerned may be thereby served. 
A searching and penetrating attention may be concentrated on 
our mineral treasures, portions only of the bound- 
less stores of which have been hitherto brought 
to light ;—on improved economic methods of winning 
them from the earth, and applying them to the ends 
for which they are intended ;—on the sources of 
wealth which, in their raw state, abound on the 
surface of our soils, іп the rivers, and in the waters 
which encirele our coasts;—and on the rare excel- 
lencies and peculiar development in different lati- 
tudes, under different conditions of oulture, of those 
products which successful enterprise has introduced 
amongst us, rendering ns already independent of 
many oountries, and enabling us to contribute to 
the necessities, the comforts, and luxuries of most. 
А deliberate comparative survey шау be made of 
the results flowing from the adoption of the liberal 
arts happily domiciled in these climes, and the exer- 
cise of those useful manufactures which genius, self- 
reliance, and perseverance, have established in lands 
во suitable for their natural vigorous growth. А 
diligent compilation of the statistics of the 
actual products and of the productive capabili- 
ties of the different colonies will form a most 
valuable fand of information. 

It ів proposed to distribute the objects to be displayed into the 
following divisions:—Mineral products, animal products, vegetable 
producta, manufactures and the usefal arts, ornamental arts, 
machinery. 

The commissioners particularly desire to induce patentees of 
mining machinery in Europe and America to forward, for exhibi- 
tion, models of their ТІЗЕ machinery. More especially that 
class coming under the head of Rock Boring, Tunnelling, and 
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Coal-Cutting Machines. Тһе importance of the introduction of 
such machinery into the colony cannot be too highly rated, as it 
will render productive vast tracts of auriferous land now con- 
sidered too poor to work. In quartz mining, which is daily 
affording instances of its permanent character, inventions of this 
sort would make such a reduction in the cost of sinking, driving, 
and stoping as would in many instances double the dividends to 
the proprietors. The coal-cutting machine would be admirably 
adapted to alluvial mining, and with slight modification might 
be nsed in almost every operation, it being especially suitable for 
breaking out loose and treacherous ground without risk to the 
men attending it. Another kind of machinery it wonld be 
desirable to have represented would comprise every invention 
more particularly used for hydraulic mining in California. The 
steps now being taken for supplying the goldfields with water 
will no doubt cause such machinery to be in great demand. Con- 
sidering the probability of the exhibition attracting from the 
adjacent colonies a large number of visitors, more or less interested 
eitherpractically or financially in mining pursuits, a more favoura- 
ble opportunity could hardly Be өлер for such a display. 

The Juror’s reports at the International Exhibition, London, 
1862, directed particular attention to the great importance 
attached to Australian mineral products; and any who may have 
effected improvements in mining machinery are invited to the 
field which is here open for the disposal of really good workable 
appliances, especially those adapted for boring and tunnelling for 
gold, quartz, coal, copper, and other minerals. The Commis- 
sioners desire to exhibit all the mechanical improvements of this 
kind that can be gathered together, believing that by so doing 
the interests of the colonies, as well as those of the home manu- 
facturers, will be materially promoted. Full-sized machinery or 
working models would be equally acceptable; and as the building 
in which the exhibition will be held is to become hereafter a 
public museum and department of industrial art, such mechanical 
illustrations could be made permanently accessible to the public, 
thus securing a publicity far beyond that of the few months 
during which the exhibition will be open. According to the 
wish of the exhibitors, the goods would be thus received for 

rmanent exhibition, or at the close of the present one be 

anded over to any person authorised as agent. 

Although the е Сад of the Intercolonial Exhibition is strictly 
to encourage colonial productions, the importance of possessing 
the highest class machinery for mining purposes is a sufficient 
reason for inducing the Commissioners to make this branch an 
exception to the general rule. The models or machines can be 
received at Melbourne up to the end of September next. 

The Secretary to the Commissioners is Mr. J. G. Knight, 
F.R.L.B.A., of Melbourne, who so ably represented the Australian 
Colonies at the London International Exhibition of 1862. The 
offices of the Commissioners are 64, Elizabeth-street, Melbourne. 


------«.--- 


JUDGMENT RESPECTING CERTIFICATES UNDER 
A CONTRACT. 


The following report of a decision of the Court of Common 
Pieas, Dublin, on the 2nd ult., is of importance to members of 
both professions, engincers and architects, as well as contractors. 
The defendant was Mr. John Bower, С.Е, Dublin. The case was 
tried before Chief Justice Monahan, Judge Keogh, and Judge 
Christian. 

Murphy v. Bower. 

Their lordships delivered judgment in this case, which was 
argued last term, and stood over. It came before the court upon 
a demurrer by the defendant to the summons and plaint. It was 
an action by the plaintiff, as assignee of Messrs. Edward, John, 
and Patrick Moore, railway contractors, against the defendant, 
who is a civil engineer, to recover damages for not giving certain 
certificates under a contract. The summons and plaint contained 
three counts. The first, after stating the pecuniary embarrass- 
ments of the Messrs. Moore, and the appointment of the plaintiff 
as their assignee, stated that the defendant was duly appointed 
civil engineer of “The Finn Valley Railway Company,” in the 
north of Ireland, and, while so acting, a contract was entered 
into between the Messrs. Moore and the railway company for the 
construction of the railway, for a sum of £22,000, and further 
sums for extra works, payment to be made in monthly payments 
of not less than * nine-tenths" of the value of the work done, 
the balance to be paid on completion, on the production by the 
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contractors to the railway company of proper certificates from 
their engineer that the work was all done and completed. That 
the defendant gave certificates to the extent of about £19,000, 
but declined ai refused, when called on, to give further certifi- 
cates, although the amount fairly due on foct of the contract and 
extra work was about £26,000, thereby leaving a balance of about 
£7000 due to the plaintiff as assignee of the contractors. The 
first count complained of simple neglect of duty on the part of 
the defendant; the second was similar, but, in addition, imputed 
frand; and the third, which was also similar, charged collusion 
between the railway company and the defendant. The defendant 
demurred to the summons and plaint, on the ground that a con- 
tract in fact should be distinctly stated, and that it was not so 
stated that the duty was necessarily imposed on the defendant to 
grant a certificate, and that the defendant was no party to the 
contract, &c.—Their lordships allowed the demurrer, with costs. 
—Carlow Sentinel. 


------“ с.---- 


Railway Bridges in the Metropolis—The qnestion of noise 
from passsing trains, so much complained of, was recently raised 
between Mr. Scholefield, chairman of one of the Commons rail- 
way committees, and Mr. Hawkshaw. Мг. Scholefield desired 
toknow whether the noise consequent on the passing of trains 
over the railway bridges in London, could not in some way be 
obviated. Mr. Hawkshaw gave it as his opinion that this 
excessive noise was mainly due to the construction of these 
bridges being entirely of iron. Не stated that this mode of con- 
struction was insisted on by the pue authorities; but that 
if these bodies would allow the bridges to be made of brick or 
stone, as formerly, the noise caused by passing trains would be 
very little, and indeed, with proper precautions, might be almost 
entirely obviated. 


New Iron-Presercing Agent.—Dr. Henry Edward Francis de 
Briou, в Parisian physician, who for many years has resided in 
England, has discovered and patented a process for preparing 
from india-rubber what may be designated an “enamel paint," 
which is said to be proof against the action of the atmosphere, as 
well as against the power of all liquids to affect iron, This enamel 
paint possesses all the remarkable qualities of india-rubber, 
without combining with them any other substance or element 
thatis calculated in the slightest degree to counteract their 
thoroughly efficient operation. The preparation is applied cold 
and in a liquid state, and in consistency and general appearance 
it resembles such common oil-paint as is ordinarily used for iron- 
work. It may be applied with ease. The covering may be so 
thin that its presence cannot be detected; while it leaves the 
protected surfaces in all their original sharply-defined freshness, 
It hardens also at once, and immediately forms а smooth and 
lustrous enamel-like covering, air-proof, damp-proof, water-proof, 
and acid-proof. Thus protected the iron is safe. Rust canuot 
accumulate upon the surface of this enamel-paint, nor corrode 
beneath it.—4rt Journal. 

Archeological Di. .—An important discovery has just been 
made in Egypt, at Chalouf, a station some leagues north of Suez, 
where а monument of Persian origin has long been known to 
exist. А сору of some cuneiform inscriptions found there having 
been sent to M. Mariette, that gentleman inferred from certain 
indieations that a portion in hieroglyphies must stil remain 


: below the surface of the soil. Не accordingly communicated 


his conjecture to M. de Lesseps, who ordered excavations to be 
made, which brought to light a translation of the cuneiform 
writing in Egyptian hieroglyphics. The stone bearing this 
bilingual inscription, which belongs to the reign of Darius, will 
shortly be conveyed to the museum of Boulac. 


A Rotary Rock Boring Drill-Among the patents recently 
issued at Washington is a rotary rock-boring machine, which 
consists of a drill composed of a number of scolloped cutting 
wheels, arranged in a common head, on axles passing through 
said wheels at right angles, in such a manner that by giving to 
the head a rapid rotary motion, the wheels will cut into the 
ground or rock and produce а clear hole. The dirt is raised b 
the action of a spiral flange, secured to the outside of the dri 
rod, guided by friction rollers. А stream of water is made to 
pass continually to the bottom of the hole through the drill rod, 
which is made hollow for that purpose. Much of the dirt is thus 
removed. The machine can be applied to ordinary rock drilling 
or well boring. 
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ARCHITECTURE AT THE ROYAL ACADEMY. 


Yzarn by year, the hold of architecture upon the Royal 
Academy, and upon its ** Exhibition " jn particular, appears to 
become gradually and hopelessly БЕСІН: We have on many 
bygone occasions alluded to this fact, with the hope that, if the 
Academy as a body did not change its mode of proceeding, such 
of its members as belong to our profession might be stimulated 
to, at least, an open protest, which, backed as it would doubt- 
less be by the efforts of less privileged men out of doors, could 
hardly fail to ensure some more worthy recognition of an art 
which, with sculpture and painting, has an equal claim to consi- 
deration, if only on the ground of the original Royal Charter to 
the Institution. Granted that the demand for, and interest in, 
historical pictures and landscapes is greater than for the more 
conventional and homely productions of sculpture or architec- 
ture; yet surely, after making every allowance, the preponder- 
ance is far too great when we find that, out of 1,053 subjects 
exhibited this year, 798 are devoted to painting, 214 to m 
ture, and only 40 to architecture! We are quite aware of the 
difficulty as regards finding space in the already too crowded 
rooms, but we plead fora more just distribution of that space, 
and shall look forward with hope to the influence of the newly- 
elected “Professor” of Architecture, and the newly-elected 
“Associate,” to bring about а better state of things for the 
future, be the ultimate destination of the Academy Burlington 
House or South Kensington. : 

The first architectural work in the catalogue (761) is “ Hoddes- 
don Church,” as proposed to be altered by Mr. J. Clarke, which will 
be quite deprived E its localism by the strange transformation 
in its appearance—not, to our mind, in the best of taste; and 
the pack-saddle roof to the stilted tower adds to the unsatisfac- 
toriness of the composition. (762) deserves a better place on 
the walls; pani where it is, it is next to impossible to appre- 
ciate what evidently is a most painstaking drawing, well de- 

igned, and effectively finished in pen and ink, giving the 
* osed Improvements in the Chancel of a West-end 
Church,” the architect being Mr. Charles Gray. Jt will be re- 
membered that one of the memorials determined upon in 
honour of the late Lord Palmerston is the reproduction of the 
eastern chapel of Romsey Abbey, which is close to his late 
lordship's residence in Hampshire; and that this has been en- 
trusted to Mr. Ferrey, who, in (703), gives a view of its in- 
tended external aspect. Inasmuch as the form of this addition 
was determined by the original foundations, and other features 
have been determined by “ remains recently excavated,” there 
is not much scope for remark. It may, however, be observed 
that the arrangement of the east end—two three-light windows, 
separated by a buttress, and under an almost flat-pitched roof— 
is peculiar; and the details appear very simple and homely 
throughout. Within the building is to be placed a recumbent 
of the late nobloman. 

А “Memorial Window to His Royal Highness the Duke 
of Kent,” now executing by command of Her Majesty the 
Queen (764), does not state its destination. The artist, Mr. 
Hughes, has adhered more to the pictorial style of treatment 
than legitimate glass painting admits оѓ; hence breadth of effect 
and transparency are almost entirely wanting. The City Archi- 
tect, Mr. Ново Jones, displays, in а beautiful drawing (765), 
an interior view of the renovated Guildhall, which in the cata- 
logue is described as “restored.” The chief new feature, in- 
deed almost the only one, is the roof, of the Westminster 
Hall kind, and very good; but how far it is to be understood as 
following the design of the cotemporary roof of the building it 
might perhaps be hardly safe to inquire. Messrs. Belcher's 
1 Insurance Buildings" (766) are among the handsomest 
and most sensible of the many large buildings erected of late in 
the city, The style is Italian, freely Веща and well balanced 
in its parts. Advantage has been taken of its situation at the 
corner of a street to gain a noble entrance on the canted angle 
of the building. In odd contrast with this picture is the next 
(767), which bears the honoured name of “С. Barry,” but ia 
certainly not much like what the C. Barry would have produced. 
Who does not know the rural attractions of Dulwich, and the 
pictorial attractions of its “Gallery,” in the architecture of 
which may be detected many of Soane’s whimsical conceits P— 
but who would have supposed that the famed “ Dulwich Col- 
lege a would ever give place to so shapeless and disproportioned 
a building as that “ now in course of erection” by the architect 


THE CIVIL ENGINEER AND ARCHITECT’S JOURNAL. 


185 


we have just quoted? The detail, moreover, seems not a whit 
better than the outline, being of that peculiar kind once described 
by a well-known art writer as “pestilent.” Моге satis- 
factory by far is Mr. E. M. Вата design, submitted to Govern- 
ment, for the completion of the New Palace at Westminster, on 
the removal of the present Law Courts, and which is shown, in 
(768, 775), in plans, elevations, and sections, though, unfortu- 
nately, to а very small scale. It is apparent, however, that the 
general character of the late Sir Charles Barry’s work will be 
conscientiously followed in these additions, which embrace, 
among other things, a large quadrangle between Bridge-street 
and New Palace-yard, also a subway from the House of Com- 
mons to the Thames Embankment, and to a new railway-station 
on the north side of Bridge-street. The latter is proposed to be 
Gothie, in harmony with the rest; but it would Ека be allow- 
able, if not desirable, to break this monotony by designing the 
station in an entirely different style, especially as the adjoining 
building already suffers much from over-repetition of parts. 

Mr. W. White sends (769) the perspective view, which should 
have accompanied his geometrical drawings, of his “New 
Church, Aberdeen Park, Highbury,” to the Architectural Exhi- 
bition. The grouped effect is quite what might be anticipated 
from the scale drawings, and we regret that, in the too great 
straining after novelty, so much that correct taste would have 
expunged has been permanently identified with the building. 
The largest and most important of the architectural pictures 
is (771) Mr. H. Currey’s * Design for the New St. Thomas’s 
Hospital,” which is to be erected at Stangate, and on the banks of 
the river, facing the Houses of Parliament. This building will be 
remarkable for the extent of area occupied, and for the classi- 
fication of its internal arrangements, in conformity with the 
most approved sanitary measures and complete system of venti- 
lation, which give a distinctive character to the effect of the 
whole by no means unpleasing. The fagade of the New Free- 
masons' Hall, now approaching completion, in Great Queen- 
street, and one of the most original as well as successful of the 
modern structures of London, is well shown in the drawing 

773) exhibited by the architect, Mr. F. P. Cockerell. In its 
etails a more purely classic type has been followed than is 
usual now-a-days, yet not without some judicious variations, 
especially in the introduction of various symbols and devices 
identified with the Masonic craft. (774) shows another of the 
many comprehensive schemes which have been before the publie 
for a viaduct across the Holborn Valley. The design before us 
is by Mr. Horace Jones, and appears to have been studied with 
care and judgment. The question of cost might operate as & 
check to its being carried into execution, but it is high time that 
decisive steps were taken to improve the locality in some way or 
other. In (776) we can can hardly realise the “ Parish Church, 
Leamington,” as proposed to be altered by Mr. Street. The 
building, as it exists, was designed on an ambitious scale by the 
Vicar of Leamington—an amateur architect—and is based very 
much upon Continental examples. It has, however, never been 
finished, although suggestions innumerable have been sought 
and obtained for the se. A Palladian design, on an exten- 
sive scale (777), exhibits Mr. H. Jones’s excellent design for the 
* Metropolitan Meat and Poultry Market,” proposed to be 
erected at Smithfield, which we should be glad to see erected on 
the same site. Both the plan and the elevation (Palladian) are 
much to be commended. Mr. Marrable’s “Chancel of St. 
Peter's Church, Deptford,” (778) is, fortunately, hung so high 
that it might pass unnoticed but for its glaring colours, which 
show out гобу architectural features deserving more of 
the blame than the praise of novelty. It is a pity that such в 
drawing should have found a place here at all when 80 many 
more meritorious works have been excluded for “want of room.” 
“St. John's College, Hurstpierpoint,” (779) by Messrs. Slater 
and Carpenter, is a fine interior view of a good building. The 
roportions generally are very satisfactory, and the fittings are 
esigned in ony and good keeping. 

Views of the two ehief designs for the * New Midland Railway 
Terminus and Hotel," to be erected in the Euston-road, St. Pan- 
cras, are exhibited side by side in (780, 789) ; the former being the 
one selected, and about to be carried out, “with some modifica- 
tions," by Mr. Scott; and the latter, by Mr. С. 8. Clarke, having 
received the second premium. Thereis, at first sight, a degree of 
similarity between these two designs, so far as the massing is 
concerned, and that each is treated as а mask or screen, which in 
no way identifles itself with the ordinary aspect or purposes of 
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a railway ; the buildings themselves being on во gigantic a scale 
that even the arched approaches to the terminus in the rear, 
though large in themselves, are comparatively lost in the com- 
position, and we can simply wonder at the requirements of the 
tier after tier of windows, and lament ovcr details repeated 


again and again with tiring monotony. In the absence of accom- 
panying plans, we can e but this brief reference to general 
effect. dap ing that the geometrical drawings would have 


been inadmissible here, it is a pity that they were not for- 
warded to the Architectural Exhibition, where, in common 
with the others, they might have been studied with ad- 


vantage. Mr. Norton has not been very felicitous in his 
44 ена! Hotel, Southampton” (782), which, though a large 
building, is poor іп design throughout. Two mansions by 


Mr. Kerr, viz., “ Ford, Surrey” (783), and “ Bearwood, Berk- 
shire” (799), are cleverly designed, though perhaps there is rather 
too much aiming at quaintness. They are chiefly in red brick, 
with stone dressings, and in the Elizabethan or Jacobæan style. 
“The New Chapel of St. John’s College, Cambridge,” now in 
course of ercction from the designs of Mr. Scott, is shown by 
Mr. J. Drayton Wyatt in (788). A view of this building, as 
first designed, appeared in a former number of this Journal. 
There is now to be, in place of the small flêche at the intersec- 
tion of the church with the ante-chapels, a large central tower, 
which will be carried up to a great height, and thus supply a 
feature hitherto almost altogether wanting among the edifices of 
Cambridge. “ Scarisbrick ” (790) was erected partly by 
the late Welby in, and has been completed in пр taste by 
his son. The drawing in question hardly does it justice. 
We next notice a beautiful little drawing by Mr. E W. Brewer, 
of * St. Gereon's Church, Cologne” (794); while some careful 
views of “ Peller's House at Nuremberg,” Ше“ Baptistry at Pisa," 
and the “ Mittel Schloss, bagel o are contributed by Mr. 
Spiers. Miss G. Wilkinson, too, exhibits an elaborately finished 
interior (781) of the “ Hall of Ambassadors at Alcazar, Seville." 
The “City Terminus Hotel and Railway Station in Cannon- 
street, London,” by Mr. E. M. Barry, is merely a simplified 
version of his Charing-cross Hotel and Station, the а ements 
appearing to be almost identical. In the Architectural Exhibi- 
tion will be found geometrical drawings of Mr. A. M. Ridge’s 
premiated “ Denga for a Hall of Science and Art,” the perspec- 
tive view of which is here given in (797). It is drawn very con- 
scientiously in ink-etching, and is deserving of the distinction 
which it has gained? 
In the Sculpture Room will be found a highly interesting 
model, to a large scale (one inch to a foot), representing the pro- 
sed embellishments to the apse of St. Paul's Cat| , 88 
вт by the sarveyor to the fabric, Mr. Penrose, and ехе- 
cuted by his pupil, Mr. R. P. Whellock. In Wren’s “ Paren- 
talia" is the following note —“ The painting and gilding of the 
arches of the east end, over the communion-table, were intended 
only to serve the present occasion, till such time as materials 
could have been procured for a magnificent design of an altar, 
consisting of four pillars, wreathed, of the richest Greek marble, 
supporting a canopy, hemispherical, with proper decorations of 
architecture and sculpture, for which the respective drawings 
and a model were prepared.” The figures in the windows are 
after Professor Schnorr; those occurring in the mural decora- 
tions are, for the most part, after the Baron de Triqueti. The 
baldachino is restored from a mutilated model left by Sir 
Christopher Wren. 
------з2----- 


THE EXHIBITION OF THE SOCIETY OF BRITISH 
ARTISTS. 


Tue pleasant galleries in Suffolk-street are again busy-looking, 
with the well covered walls and bright-looking pictures of thee 
Annual Exhibition: the older and well-known members muster 
in full forec—J. В. Pyne, Syer, Cole, Pettitt, Tennant, Clint, 
Woolmer, and others, whose specialities of subjects, and mode 
of treatment, render the works of each readily distinguishable. 
Clint’s sunsets are as brilliant as ever, Pyne’s perspective as 
ærial, Cole’s harvest scenes as truthful, Pettitt's as noble, and 
Woolmer’s as fanciful as usual. Where there ін во much to 
attract attention, it is not easy to particularise ; but, besides the 
productions of the artists just enumerated, there arc some 
charming contributions by G. Wolfe, Hayllar, Gosling, Warren, 
thelate H. J. Boddington, Mrs. Curwen Gray, Miss Louisa 
Rayner, and others. 

t is, however, more within our province to refer to the 
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architectural subjects, which are numerous, especially in the 
water-colour room. Thus Mr. Wyke Bayliss exhibits four 
pictures of this class, all taken abroad, and including & good 
view of the “ Choir and Transept of Antwerp Cathedral ” (873), 
and & still better drawing (920) of the “ Tabernacle in і 
Cathedral.” The “ Interior of Шетте Cathedral” (790) strikes 
us as less happily ed, although the sale price is put down 
at а large figure. Ав a bit of correct, unpretending colouring, 
nothing can be better than Mr. Н. Hawkins’s “Interior of 
Eddelsborough Church, Bncka" (817); while S AER жаласы; 
and more picturesque, are Mr. 8. S. Boden's “ Old Cottage a£ 
Cluddingbold, Surrey " (982), and his “ View of the ora of 
Chiddingfold" (957). “Ogmore Castle, Glamorgan ” (853), М 
Mr. Е. W. Robinson, is nicely handled; and so are “ Arun 
Castle" (882), by Mr. С. e, and “All Saints Church, 
Hastings " (938), by Mr. Dakin. Mr. Dobbin, in his “City of 
Prague” (940), gives a very careful and eee 
view, embracing several well-known buildings. is drawing 
is in every way superior to the larger one by the same artist 
(1035) representing the exterior of “ Seville Cathedral,” the 
effect of which is and liny. So also his “ Archbi "в 
Palace at Liege” (948) has little of interest about it except 
curious outline of the pillars which form the support to the 
cloister round the quadrangle. (969), 2 large drawing by 
Mr. J. C. Swallow, shows the “ Palace of the Stuarts, York," an 
edifice built by James 1st, partly on the site of the Abbot's House 
and the Lord Protector’s Palace, while the materials were chiefly 
supplied from the beautiful St. Магу в Abbey, close adjoining. 

r. W. W. Deane has a fine interior view in oil (843) of 
* 8t. Mark's Venice," while Mr. W. Henry exhibits (316) the 
everlasting “ Cavelli Palace and Church of Sainta Maria Dells 
Salute." Miss Louisa Rayner sends, as usual, painstaking and 
effective studies from ancient buildings (1074) in some “ Old 
Houses in Edinburgh’;” and (411) is “Rosslyn Chapel," an 
interior view, interesting as having been the last view painted 
on the spot previous to its restoration. 


----Ф%---- 


AKROYDON ‚ NEAR HALIFAX, YORKSHIRE. 
(With Engravings.) 


AxROYDON із a village in the suburbs of Halifax, which de- 
rives its name from its founder, Mr. (now Colonel) Akroyd, M.P., 
at whose sole expense the neighbouring beautiful Church of All 
Souls’, Haley-hill, was erected some years ago. Тһе arrange- 
ment of the buildings at Akroydon has been based on a well- 
studied and convenient plan, embracing every essential to the 
health and comfort of its inhabitants; and the undertaking, 
which has proved in every way successful, is now in a forward state 
of completion. The general scheme of the plan may be de- 
scribed as occupying a rectangular area of about 800 feet deep, 
by a frontage to the main road of rather more than 600 feet. It 
consists of a double row of dwellings on three of the sides, and 
of three parallel rows on the side towards the north. The 
ground slopes rapidly from east to west, and the centre of the 

uadrangle will be railed in and turfed, and there will be a 
Баага fountain at the intersection of the cross-walks. АП 
the buildings are being carried out in the most substantial 
manner, and’ with due regard to correct, though simple, external 
effect. The designs, in some respects, vary in the different 
blocks of buildings, but those which we have selected for illus- 
tration will give a good general idea of the whole. These 
plates form part of a series illustrating а thoroughly practical 
volume on * The Homes of the Working Classes," by Mr. J. 
Hole, which was reviewed at some lengik in the January and 
February numbers of this Journal for the current year, and to 
which we may refer for additional particulars. The Somn 
ing illustrations have been kindly furnished to this Journal by 
Colonel Akroyd, in answer to а special request, inasmuch as we 
are anxious to bring to notice, for general application, the various 
improvements made from time to time in that important national 
consideration—a working man’s dwelling. The problem which 
Mr. Akroyd set himself to solve cannot be better stated than 
in his own words :— 

. Ном в limited outlay of capital may materially assist in raising the 
foes standard of workmens’ houses in any locality to an extent far 
yond the original capital employed. 

This problem Mr. Akroyd solved by availing himself of the 
advantages offered by an excellent building society in Halifax ; . 
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er, rather, he supplemented them Бу an arrangement calculated 
materially to increase the benefits which such societies are 
capable of conferring. His plan was this :— 

To purchase а suitable plot of land for a building site; to obtain 
designs from an able architect for building blocks of dwellings; eight or 
ten to each; and to find parties who were willing to take up each 
saccessive blook, forming themselves into a Building Association for 

purpose, in connection with the Halifax Permanent Benefit Building 
Society, which would advance three-fourths of the capital required. 


Mr. Akroyd bought a suitable plot of land, obtained designs 
not only excellent in а sanitary point of view, but also architec- 
turally beautiful. He undertook to provide plans, to defray all 
expenses connected with the contracts and supervision, and to 

tee the fulfilment of the contract within the estimate. 

ese were liberal concessions; but a more important one still 
remains to be mentioned. Where the purchaser is of good cha- 
racter, but unable to advance the one-fourth of the purchase- 
money, the payment to the buildin ey Cals ur over fifteen 
re instead of twelve years ; and Mr. d guarantees the 
three years' subscription to the building society, after 
which his guarantee ceases, as the building society then possesses 
sufficient security against loss, in the mortgage of the property. 

The first two blocks erected comprise eighteen houses, which vary 
materially in the cost. Upon the original plan there were provided one 
living-room, 15 feet by 13 feet; an adult om, 16 feet by 11 feet; 
and a small bedroom, 11 feet by 6 feet 6 inches, with scullery or wash- 
kitchen under. АП are single houses, solidly built of the stone of the 
eountry, and covered with blue slate, presenting a neat, pleasing exterior 
(вее plates 22, 23, and 24). At the back of each house is a small yard, 
with ash-place and convenience, to which there is a separate back 
entrance. Water, for general purposes, is supplied in pipes to e 
house, and the gorr drains have been carefully laid down, wi 
sanitary tubes, , from the borough, is also conveyed to cach house. - 

The number of dwellings erected up to this date is 38, 
including a large and commodious store, the property of the 
Halifax Co-operative Society. The dwellings erected are in six 
blocks, and are of several classes in each block, varying in cost 
from £136 to £460. The £136 represent the No. 4 class, the 
£460 the No.1. The intermediate cost is £154, £190, £220, 
#240. £320." Of the pecuniary success of the scheme Mr. 
Akroyd thus speaks :— 

It has been already intimated that this olass of model dwellings 
will not pay as a commercial speculation. The propristors have no 
reason to complain if they can realise 6 per cent. upon their investment 
upon а house so well and substantially built that for many years the 
cost of repairs will be but trival But I eandily admit that the 
promoter ог landowner will sustain а loss on the first blocks, besides 
giving the land required for the streets. This is not suprising. At 
pant the working classes are so little accustomed to a really good 

use, of a pleasing elevation, and fitted up with every convenience, 
that they are unwilling to pay the increased cost. I was prepared for 
this result; and therefore offered a premium to the proprietors of the 
first blocks, to secure their erection after my own design. I am 
sanguine that the houses will advertise themselves, and obtain such а 
rental as will enable me to ра myself from material loss іп future 
blocks, and yet insure to proprietor or member a good return for 
Ms outlay. 

Mr. Akroyd suggests that under this system the munificent 
donation of £150,000 by Mr. Peabody to improve the dwellings 
of the poor of London, if thus ЭББ аа by benefit building 
societies to the extent of threc-fourths of the value, might have 
been made the means of building four times the amount of 
houses, assuming that a sufficient number of working men could 
be found to take up the dwellings. 


-------2------ 
PAINTED DECORATION.* 
Bx Мв. S. Ечзнив. ` 


Bzrozz commencing a description of the various methods 
and materials employed in t panied decoration, I wish to refer 
to painting as а branch the building trade, as this and 
decoration are so intimately connected that it is worthy of more 
consideration than it generally receives, especially since in the 
present day the greater feeling which prevails for art in eve 
shape induces us to undertake work which we think wort 
preserving ; whether posterity will be of the same opinion with 
regard to what we do is а matter of uncertainty; but, as 

. Burges has said, one of the acts of the next generation will 
be to destroy all the painted windows executed in this, other 
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departments of art-workmanship can hardly be expected to 
entirely a An opinion is becoming very general that 
most of the building trades have deteriorated in quality, and 
painting, as one of them, is not so well executed as it used to be. 
Anyone who is accustomed to observe these things feels that 
this is really the case, and I believe that one of the principal 
causes, if not the cause indirectly, of such falling off, is to be 
found in the modern system. of contracts. In the old times 
builders were not the agglomeration of various trades in one 
person that they are now, but each craft carried on an inde- 
pendent business, and had for its head a man who understood his 
work practically, took a honest pride in it, feeling sure that its 
excellence would be recognised, and trusting to that for increase 
of business rather than to lowness of price, hence the infinitely 
better work in every department than we have often the oppor- 
tunity of seeing at the present time. A master tradesman in 
any particular branch used to be a person of some little im- 
portance, and that within the memory of people not past middle 
age; but now, exeept in an occasional instance, he is either a . 
builder himself, in self-defence, or must be content to become a 
builder's subordinate. The contractor can seldom be master of 
more than one trade; he can, however, surround himself, and 
mostly does, with competent foremen in other branches; but it 
is impossible that these men, who, but for the contracting 
system, might be masters themselves, can feel the same interest 
in the work they supervise as they would if personally respon- 


* sible. 


The system may have its advantages, but chiefly for the 
builder, I think, if they are сагей considered. It is an 
advantage to know the cost of a work before undertaking it— 
about this there can be but one opinion—but this is surely as 
easy to ascertain, by casting up three or four amounts in an 
arehitect’s office, as it would be by the same process ina builder's. 
It is thought to be an advantage as regards cheapness, but 
that I hope to be able to show is a fallacy, for the builder gets 
fully as much profit out of the trades collectively as would 
compensate a master tradesman in each department ; or when 
he contents himself with less, the difference is more than made 
‘up by the extra cost of his labour, which is necessarily more 
expensive than it would be to a practical man who was per- 
sonally interested. When contracts are sub-let (a common prac- 
tice) the profit is divided between the sub-contractor and the 
builder; the latter, though in this case a mere agent, taking the 
lion’s share, as anyone who has been compelled by circum- 
stances to undertake builder’s work Iam sure would testify. How 
is it then to be expected, when any credit to be obtained from 
the work is entirely ignored, and a large proportion of the 
legitimate profit finds its way into another person's pocket, that 
a man should care for doing more than the letter of his contract 
compels him to, just getting over his work, and that with as 
little cost as possible? The architect finds it ТЕҢ likely less 
trouble to deal with one man than half-a-dozen ; and this saving 
of trouble has had some influence, doubtless, in creating the 
present almost universal system, joined to a belief in the neces- 
sity of having a middle-man or capitalist— which is the position 
occupied by the largo builder—to take the b dede of im- 
portant works, as if there would be any difficulty in finding 
men who practised only one branch of industy sufficiently stable 
to undertake works of any magnitude. Very likely there are 
other reasons which will suggest themselves to you as being in 
favour of the modern practice; but if nearly all good and con- 
scientious work is to be sacrificed for them, a return to the old- 
fashioned system of dividing contracts into various trades would 
be a step in the right direction. 

The methods of' painting in common use are only distemper 
and oil-colours, for ordinary purposes one or other of these 
mediums is the best that can be employed; but for works of an 
ornamental character there are others much, I think, to be pre- 
ferred. Distemper painting is too easily injured and affected 
by external moisture for permanent work; internal damp, that 
arising from the structure of the wall, is fatal to every kind of 

inting without exception, and oil has so great a tendency to 

ken, in any but a very white light, that purity of colour is 
sure to be destroyed. Ta painting woodwork, oil cannot very 
well be dispensed with, but for wall and ceiling work there are 
three other methods available—Fresco, Water-glass, and En- 
canstic. With regard to the first, there has been a great 
deal of controversy, and opinions are still very much divided 
as to its suitability ; certamly the examples we have of fine- 
art work in fresco, at the Westminster Palace and elsc- 
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where, are not calculated to impress us very favourably 
with this method, but under certain circumstances it is a 
very valuable one—for covering large surfaces with merely 


diaper patterns, there is a iority of texture about 
fresco to any other medium. ith a dry wall to start 
with, and p precautions being taken with reference to the 


Toper 
lime and sand to be employed, when carefully executed, I 
believe it will last as long as the plaster. I have used this 
method largely for some years, and have t confidence in it 
as an inexpensive and effective means of decorating in a simple 
way the walls of churches, or for halls, idors, &c., in 
ivate houses. But as soon as anything more than mere dia 
is wanted—and happily these occasions are ing more 
quent—the difficulties of fresco-painting commence ; the small 
number of colours that may be really depended on to withstand 
the action of lime, cramps the artist in his design to begin with. 
The necessity of finishing every part of a day's work to the 
minutest detail before proceeding to the next, renders it im- 
sible to make any д раның as the pemtng process: and 
re are very few artists who would not consider it an advan- 
tage to be able to return and tone down, or alter certain portions 
of their work; but retouchings are impossible in fresco, except 
at a sacrifice of all transparency. 

Possibly а great artist would maks light of these difficulties, 
but he needs to be a really great one, and he wants a means of 
decoration that can be employed by one of more moderate 
calibre. The establishment of Schools of Art throughout the 
country, by placing the means of education in drawing and 

inting within easy reach of everyone, must ultimately result 
in furnishing us with artists able to execute decorative work of 
a higher class than we have been in a general way accustomed 
to; and many persons who would have looked upon the clever 
imitation of woods and marbles as the greatest result to which 
an ornamental painter could arrive, will, in consequence of these 
facilities, become capable of producing something more worthy 
їп an artistic sense. 

It must be understood that I am not endeavouring to under- 
tate the skill of our best imitators of woods and marbles, for 
some of them execute work which is so beautiful as almost to 
justify us in preferring shams to truths, and altogether different 
to the vulgar work we see so much of ; only it must be admitted, 
without entering upon the question as to whether imitations are 
allowable or not, that there are, or should be, objects in deco- 
ration which the best imitative painting will not supply. 

It is rather curious to note that rise and progress of 
graining and marbling have so nearly kept pace with that of 

o art in other ways, such as architecture in cement, and con- 
cealment of construction generally. This art, in its perfected 
state, is of very modern date. There used to be a process, called 

ining, which was extensively employed іп house-painting 
in this country from the earliest times, which was perfect] 
guiltless of being an imitation of anything under the sun; an 
some such means may have been used by decorators during the 
best periods of art, mercly as a suggestion. But it remained for 
our generation and country—for it is peculiarly an English art 
—to adopt it almost to the exclusion of every other. About 
seventy years ago, the idea appears to have struck the decorative 
painters that they might improve upon their work by Taking it 
more natural; and the first attempts at this were so highly 
appreciated, and exceedingly well paid for, that a race of artists 
sprung up who each improved upon his predecessor, until that 
whith was originally a clumsy, conventional imitation, and 
pretende to be no more, became an exceedingly clever work; 
or, though it has become somewhat the fashion since the 
Renaissance of Gothic to despise Ваше , to execute such work 
well requires great patience and ski aad a fine eye for colour— 
the same qualities which, directed by the Government Schools 
of Art into another channel, will develope into a class of artists 
able to compete with those of any country or period. Supposing 
that all the manipulative drawbacks of fresco could be easily 
surmounted, there still remains the unfortunate fact that it has 
not yet been made permanent. The earliest fresco-paintings in 
any public building in this country of which we have any 
account are those by Aglio, in the chapel at Moorfields; they 
consist of, or rather did, an enormous picture of the Crucifixion, 
oceupying the entire space of wall at ihe east end of the church. 
This was painted in 1820, in fresco, and was a very few years 
afterwards, repainted in oil colours, in consequence of the fresco 
picture almost entirely disappearing. This oil-painting was 
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obliged to be restored by the original artist in 1837; and, upon 
the chapel being repaired eight years ago, it was cleaned and 
аа aud kas мані surface, which magnifies all tho 
i ities of the plastered wall, and completely destroys the 
effect of the picture in most lights. And the ceiling, which was 

inted at the same time as the first work, and appears to have 

n left in the original fresco until ei ht years tack тыл bene 

almost indistinguishable, it Faa deini and restored in distemper 
colours, and in as coarse a manner as could well be conceived. 
The painting on the east wall is an excellent example of how 
unsuitable a medium is oil for mural painting, the effect bei 
evidently very different to that intended by the artist, or that it 
had when first painted. Тһе beautifal figures at All Saints’ 
Church, painted by the late Mr. Dyce, were, two years 
obliged to be repaired. These are painted upon a А фена лды 
sound and dry wall—the temperature of the church must Бе 
tolerably equable—and we may fairly conclade that every pre- 
caution that could be thought of was taken to render diem 
permanent; but the fact that a restoration was necessary во 
вооп after they were painted, taken in connection with the state 
of the frescoes at Westminster, is a very convincing proof that 
the process is not a suitable one for us. There is a very 
fine picture in fresco painted by a German artist, whose name 
I have not been able to ascertain, over the chancel arch of 
the Church of the Redemptorist Fathers, at Clapham, which 
shows unmistakable signs of decay, and that has painted 
only some ten or twelve years. Therefore, that the artists 
engaged at Westminster are justified in abandoning a method 
which has been proved unreliable is without doubt; but 
that, in employing water-glass, they have fixed upon one 
which is in every respect better is, | think, by no means so 
certain. This vehicle 18 as regards its permanence really yet an 
untried one ; and that it has been found to stand in Germany is 
no proof that it will do so in our moist climate, and even there, 
about 20 years is the extreme time-test to which it has been 
subjected. The first experiments in the manufacture and 
application of this vehicle to painting were made publie by 
D: Fuchs in the year 1825, but at that time did not appear 
to attract much attention; and in 1859, an elaborate and 
exhaustive description of his invention was translated by 
desire of the late Prince Consort, and published in the Journal 
of the Society of Arts, which was the first time public attention 
was called to the method in this country. 

The process of stereochromic pai —аз it was named by 
Dr. Fuchs—found to be the best, 1s to paint upon в plastered, or 
other absorbent surface, in colours mixed with water only—that 
is, without size or any adhesive medium, and, when the painting 
is entirely finished, to saturate the work by means of a syringe, 

rforated with а number of small holes, in order to e а very 
Enely divided stream, with a solution of water glass, till absorp- 
tion ceases; the more absorbent the surface painted on, the more 
perfect is the operation. It has been found impracticable to 
employ it in the manner of any other vehicle, by mixing it with 
the colours, on account of its stiffening the brush, and setting 
before the painting could be accomplished by the most rapi 
execution. e result is really a water-colour painting which 

ill bear washing without injury, and resembling fresco, ex- 
cepting in the luminous quality so peculiar to the latter ; but 
whether it will remain with that desirable property we have yet 
no adequate means of judging with certainty. some of the 
solution is placed in a shallow vessel, or spread upon glass, and 
allowed to dry, it will appear at first like a colourless varnish, 
and extremely hard; but after the lapse of a few days it seems 
exceedingly sensitive to atmospheric changes, becoming in 
weather perceptibly soft, and covered with an efflorescence ; it 
is also after в short time semi-opaque, or milky in appearance. 
In a state of fluid, the constituents of water-glass have a feeble 
affinity for each other, and are so easily acted upon by acids, 
that the smallest quantity added to the solution will immedi- 
ately precipitate the silica in the form of an opaque white sub- 
stance, thereby destroying all the fixing qualities of the fluid; 
and whether the carbonic acid with which the atmosphere of all 
public buildings is so highly charged will not by slow degrees 

roduce the same effect is a question that time only can decide. 
This soluble alkaline silicate—as it is chemically termed—is 
really the same composition as glass, with just so much alkali in 
excess as renders it soluble in water in the first instance. It 
undergoes no chemical change upon its application to the paint- 
ing, therefore the same influences must always affect it, though 
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perhaps in а less degree, and it is a matter of grave doubt 
whether it will be found ultimately more durable than fresco. 
The various inventions for the preservation of stone are all 
analogous to Ше water-glass of Fuchs, and whether the end 
sought foris obtained by any of them is yet a very undecided 
question. There is one use made of water-glass which I think 
can hardly have been contemplated by its inventor, namely, the 
adulteration of soap, for which purpose it is largely manufac- 
tured in this xx 
The third method, and the one to which I more particularly 
wish to call your attention, is painting in encaustie; and possess- 
ing, as this does, all the advantages of other mediums, without 
any of their drawbacks, the unaccountable neglect with which 
it hae been treated hitherto is very surprising. There has been 
plenty of so-called encaustic painting executed in this country 
within the last twenty years, which is simply working upon а 
ground prepared in oil in the usual way with colours mixed 
with some preparation of wax. The decoration of the various 
Courts at the Crystal Palace are chiefly executed іп this жау; 
also the pictures in the dome of St. Paul’s Cathedral, repainted 
by Mr. Parris about ten years since. The value of this method 
о Е the freshness of the colours is undoubtedly great, 
and upon surfaces that have been previously painted it is the 
only way to derive any benefit from the employment of wax as 
в medium. But encaustic painting proper is an art almost 
unknown in England, which 1s the more remarkable as, if ever 
there was & process which resisted the action of time, it is this 
one. Encaustic painting in some form dates from the most remote 
antiquity, and every authority I have been able to consult speaks 
of it with favour. Sir Gardner Wilkinson states that “encaus- 
tic painting, with wax and naphtha as vehicles, was practised 
among the Egyptians,” but there seems some doubt about the 
sual rocesses of its employment; it is enough, however, to 
know that wax was one of the ingredients used, and most likely 
the preservation of the examples noticed has been due to this. 
The Greeks practised it from a very early period. Pliny says 
of it: “ We employ wax as a vehicle of painting, not only from 
the beauty it gives to the pictures painted with it, but also 
because it is а preservative of the walls which it adorns;" and, 
in another place, that “ Lysippus, the painter, executed a work 
of this kind at Egina, an that he put an inscription under it, 
stating that he had himself subjected the work to the action of 
fire." This proves that the ancient encaustic was really burnt 
in, as its name implies. Among the Romans, encaustic painting, 
or at any rate painting with wax in some form, was very general; 
and it continued to be practised during the early centuries of 
Christianity, almost to the exclusion of every other mode, but 
after that time it seems to have fallen into disuse. Wax is 
not mentioned by Cennini, writing in 1437, exceptasa material for 
modelling, whence we may conclude that in his day the art 
had been lost; and Theophilus makes no allusion to it whatever. 
Lanzi mentions that “ many old pictures were analysed by the 
celebrated chemist Pietro Bianchi, and they appeared to be 
painted in oil; and it was found that the oldest pictures, which 
were usually the most brilliant, gave indications of wax, but 
that no wax was found in pe painted after the year 1360.” 
In the appendix to the third report of the Commissioners on 
e Fine , published іп 1844, thcre is a description of 
‚ “ Methods of Painting adapted to Mural Decoration,” by Sir 
Charles Eastlake, in which he says, speaking of encaustic :— 
* The precise process of this art among the ancients has been 
the subject of much controversy: but the actual remains of 
antique painting at Pompeii and Herculaneum, as well as 
numerous allusions in the writings of the ancients, prove that it 
was common among the Greeks and Romans. It was also 
occasionally employed during the middle ages.” And again, as 
the result of his own observation, he says: “The advantage of 
wax asa vehicle is its durability. А wall painted white, partly 
with wax and partly with oil, exhibits the same tint for some 
days, but by Liens the oil colour darkens, and after some 
months the two portions are quite distinct; that which was 
ainted in wax retaining all its brilliancy." He also quotes & 
Пева tion of the nature and abes s of wax as adapted for 
general painting by Dr. Roux, who observes: “ Colours mixed 
with wax are entirely saturated by it. Wax and colours form 
together a more solid, less fusible substance than wax alone. 
The pigments remain closely united with the wax. No skin 
appears on the surface ofthe picture, even when the wax has 
been mixed in abundance with the colours. Ап under-painting 
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executed with wax colonrs has much more brightness than one 
executed in oil А second painting on such в preparation 
appears bright and clear, on hi account a painting in which 
wax has been used as а vehicle'is always brilliant. When an 
oil painting at twilight begins to become indistinct to the eye, 
а wax painting next to it is still clearly visible.” 

The modern revival of encaustic painting dates from about the 
ear 1829, when Montabert, in is “ Complete Treatise upon 
ainting,” extols it above the art of oil painting. But previously 

to this, Count Caylus, in France, and Mr. Bachelier had com- 
menced experiments to recover the lost art; and the Count 
exhibited a head of Minerva, painted in the ancient manner, 
in 1764, which was much admired. From this time efforts were 
made to revive encaustic painting at Venice, Verona, Milan, and 
Rome, in each of which citics several works were executed. 
But after а time the method seems to have been again aban- 
doned, from what causes I have not been able to ascertain. It 
was again revived at Munich, by the modern German School, 
under the patronage of the late g Ludwig, and large works 
were executed there, also:at Berlin, Heidelberg, Vienna, and 
other places where the influence of that school penetrated. 
At Pari, the Churches of La Madeleine, Nótre Dame de 
Loretto, St. Vincent de Paul, and other public buildings, are 
decorated in this mode ; but no one example has ever, to my 
knowledge, been executed in England. I consider, therefore, we 
are justified in thinking this to be a vehicle that has been 
singularly overlooked, more especially as I believe it to be the 
one process of all others best suited to our wants. It is capable 
of any breadth or simplicity of treatment, or the utmost amount 
of detail ; it allows of the use of any colours that may be em- 
ployed in oil, and even more; and, above all, if the ground is 
thoroughly dry (not an impossible condition), there is scarcely 
any limit to Ив permanence. The singularly preservative action 
of wax upon all colours, even on those hick are fugitive when 
used in other mediums, keeps the artist's design in all its 
original freshness for any length of time, as it undergoes neither 
8 ing or expansion from any alteration of temperature, wax 
being perfectly indifferent to any atmospheric changes. And as 
the heat to which the wall is 2 сова іп the process of рге- 
paration entirely prevents any contraction of the plaster after- 
wards, ae in the cracks so destructive to fresco painting, 
nothing short of violence can injure it. 

The process of encaustic painting is as follows :—The surface, 
whether of plaster or stone, to be painted on, is heated by means 
of a portable charcoal fire till one can scarcely bear the hand 
upon it. A greater heat will not have the effect of causing the 
solution to penetrate any further than a moderate one about 
one sixteenth of an inch is the utmost depth to which a common 
red tile will absorb it, when made nearly red-hot. 
^ It is then to be thoroughly saturated with a mixture of about 
two parts of white wax and one of gum damar, dissolved in 
turpentine, which is the medium to be used throughout the work. 
The addition of to the wax is necessary, as, alone, the wax 
would be too soft to work upon pleasantly but ; any increase in 
this quantity of gum has a tendency to crack when the colours 
are laid on іп any body. The employment of gum copal, or 
elemi, as being harder gums than damar, is preferred by some. 
Mr. Gambier Parry’s medium is of this kind; but as he omits 
altogether from his formula the agency of heat, either to 
p Бар the finished work with the under-coats, or for the 
preparation of the wax, and also lessens the quantity of wax, his 
18 not ап encaustic process. These harder resins are more 
difficult to deal with, they require a stronger solvent than turpen- 
tine, or that a little ой should be added to the composition, 
which it is most important—on account of its tendency to 
darken—to do without ; when used, they are no more impervious 
to damp than damar; and that they should be less soluble in 
turpentine simply is a very doubtful advantage. When the 
ud is sufficiently cold, the ground-colour may be laid on in the 
usual way ; but, 1f more than one coat is necessary, it is essential 
that the first is left sufficient! long to become hard before 

utting on the next. The onl lia ty of manipulation atten- 
Зола оп encaustic painting is Ше tendency of Ше upper coats to 
penetrate those beneath, but a little dexterity in handling will 
obviate this. Upon this ground the subject is to be peated, 
with colours ground in the same preparation of wax and resin, 
and thinned to an agrecable consistency with entine. The 
work may be added to or altered with all the facility of oil 
colours; and, when the whole is completed, it is to be re-heated 
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regularly and slowly by means of the brazier. It is sometimes 
the practice, before this final ing, to varnish the whole surface 
with the wax medium; but if the wall, before commencing, has 
been thoroughly saturated, and a sufficiency of it has been used 
with the colours in working, this will not be found necessary. 
The result of this burning in is, that the finished painting, the 
ground, and the preparation of the wall, are all melted and 
ted together in one homogenous substance, united to 
the wall in the most perfect manner, and remaining brilliant and 
imperishable. I have had considerable experience in all kinds of 
mediums, and their investigation has always been a favourite 
study, and I feel convinced that no one of them is so suitable 
or 80 trustworthy as encaustic when properly executed. 
Distemper is a perfect style for mural painting as regards 
brilliancy of colour, and flatness, or absence of gloss, but is 
liable toinjury from moisture. whether arising from condensation 
or any other cause, and can never be properly cleaned. "There 
is another cause, too, of its want of permanence which we are 
constantly meeting with in the remains of medieval painting, 
and which consists of the decay of the size or gluten used to 
bind the colours, which in some places is so great as to leave 
them a mere powder on the walls, and in others having so 
slight an adhesion as to drop off in flakes at a touch. How 
much richer we should have been in these examples if the 
artists of the middle ages had been acquainted with the 
virtues of wax painting, which no superineumbent coats of 
whitewash could bave injured. In the Lady Chapel at 
Winchester there are some wall paintings in better preservation 
than usual, which, from the cursory glance that is permitted by 
the attendant verger, I imagine to be a species of encaustic, 
but of this I am not sure; they are, however, cortainly worthy of 
eareful examination. ОП will bear any amount of washing, but 
from its tendency to change colour and become horny in texture. 
and from its glossy surface, is the most unsuitable vehicle of 
of any for architectural painting. Fresco is too difficult of 
manipulation, independently of its want of stability ; and water- 
glass, which may all that its advocates represent, has not 
yet been sufficiently tested. Encaustic alone possesses the best 
qualities of all the other methods; it is as bright and pure in 
colour as distemper, asreadily cleaned and as саз Пу worked in as 
oil, almost as luminous as fresco, and (if required) as perfectly flat; 
but it is also capable of receiving just as much, or as little, gloss 
as may be wished to give richness to the darker colours, by 
simply polishing with a cloth; and in certain positions this may 
prove a very great advantage. Whatever medium may be 
chosen by artists for painting with. the one indispensable re- 
quisite is a perfect] ground; without this is secured no 
painting of any kind will be permanent; and, where there exists 
the slightest doubt upon this point, the best way is to cover the 
wall before pan g with canvas, fastened on with a cement 
composed of red lead and oil, which hardens to a perfectly 
impenetrable substance, so that, if the wall should at any time 
become damp, the painting can be easily removed without injury, 
and re-a ed when the ground is considered safe. This plan 
has also the advantage of enabling the artist to work in his own 
studio, as the painting may be fixed in its place just as readily 
when finished as the unpainted canvas. bf course, encaustic 
paintings cannot be executed upon a ground of this kind, but we 
may still have the benefit of wax asit is commonly employed 
by Е on an oil basis. 
ve confined my remarks almost entirely to the executive 
processes of decoration, without touching upon the art questions of 
colour or treatment, in the thought that it would be the morc 
acceptable form in which to treat the subject. 


---%----- 


INSTITUTION OF CIVIL ENGINEERS OF 
IRELAND. 


Тик Institution of Civil Engineers of Ireland held its last 
annual mecting in the Museum Buildings, Trinity College, 
Dublin, when Mr. Robert Mallet, F.R.S., delivered ап abic 
address, of which the following is an abstract :— 

The President s Address. 

Ours is the age of material progress, which reflecting men 
begin to see necessarily involves with it changes and progress 
in the world of mind and of spirit the most searching, funda- 
mental, and unexpected. Social habits and polity ; commerce, 
domestic and international; the modea of taxation, the diffusion 
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of knowledge, the planting of the waste places of the earth ; the 
con of war, its weapons, ita modes of attack and defence ; 
the artificial barriers set up between classes, the antipathies of 
caste; the ceremonies that await the sepulchring of the dead ; 
and even beliefs and ancient creeds and forms of faith and 
worshi are being kneaded beneath the unseen but resist- 
less influences upon them of those palpable and material 

over time and space, and weight and matter, which have been 
evoked by the engineer within the last eighty > 

Many of the moral and physical changes Tuus effected 
the powers of steam locomotion by land and water slone, are 
a character that no man could have foreseen ; and, startling as 
they already are, foreshadow others atill greater, and seem to 
point ont to us clearer notions as to the nature of the forees 
which really govern the world and determine its progress than 
we had been taught previously. 

It might possibly have been foreseen that the steam-ship and 
Ње railwa: would. in time enable the luscious fruits of the 
tropics, within a few weeks of their having been gathered in the 
sun, to be eaten amidst frost and snow by the far-clad Russian ; 
that the pine-apple, the very symbol, but a Беота ов аро, оҒ 
the rich man’s feast, should be sliced and sold from barrows іп 
the streets of London and Paris at a price to suit even the 
gamin; but who could have predicted that the same power 
should change the ctiquette of courts, and bend to its m the 
habits of monarchs and the course of diplo ? Who even 
yet fully realizes that over the whole continent of Asia, and 
more especially in our India, where p ing has indeed proved 
itself to be е neas, the steam-ship and the railway аге 
destined to be the real missionaries; and that under the levelling 
influence, without persuasion or compulsion, of this new power 
to move and travel, caste, and the theologies and creeds to 
which it belongs, social ceremonies and systems bound up with 
these, all of them the most ancient of which we have any certain 
history, and hitherto the least mutable, are melting away and 
moulding themselves into new and more true and living forms ? 

But I must forbear to enlarge upon the спра theme of 
the mental and moral effects upon our race of material progress, 
as especially urged forward by the engineer, which, in ite silent 
but powerful action, seems to underlie all other progress, and 
like the stone cut ont without hands which the Chaldic Seer saw 
launched through the midst of heaven to fall upon the earth, 
the destined instrament to break in pieces the brass and the 
iron and the miry clay of the feet of that Colossus of ignorance, 
falsehood and violence, that still tyrannizes over and oppresses 
the sons of men. 

It is but thirty years since railways commenced to be a mode 
of travelling, yet already more than eleven hundred millions of 
money have been expended in spreading upwards of seventy 
thousand miles of lines over our globe Bach year adds largely 
to the total. Within the last two years Parliament has either 
already sanctioned, or been applied to for sanction, for nearly 
270 miles of new railway in and around our own metropolis of 
London. The capital necessary for those sanctioned 18 about 
twenty-one millions, and that for those now before Parliament, 
nineteen millions, or a total outlay of forty millions in and about 
London alone. Amongst these projects are embraced two new 
tunnels under the Thames, and five new bridges over that river. 

If we look to our progress upon the water, we find that we 
are adding to our mercantile marine at the rate of more than s 
tonnage of 200,000 tons per annum, of which nearly one-half the 
ships are built of iron. This is exclusive of ships of war, of 
which, in armour-plated vessels, our own and the och navies 
contain во many noble examples of constructive skill—the cost- 
of each of which may be reckoned by hundreds of thousands. 
Indispensable these are probably in the present atate of the 
world, but we cannot avoid longing for the time in human pro- 
gress to come when such enormous masses of the wealth 
produced by human labour may not be diverted from ita proper 
uses, in the comfort and sustentation of man, to provide by brute 
force against the probability of brute violence or fraud, 

The problem of invulnerability in ships of war to the direst 
stroke of a given maximum projectile, requires as Из funds- 
mental datum the dimensions and form, speed (for upon that 
depends the weight of engines and boilers), and equipment of 
the largest ship that is practicable and proper for the destined 
use. This, in our own case, finds its limit im the largest and 
longest ship of war that can berth at our marine arsenals and 
manœuvre in our narrow channel seas—this last greatly depending 
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upon the smallness of circle within which “ going about ” can 
be performed. This circle rapidly enlarges with increase іп 
length, the power of the rudder of given size to turn a given 
form of ship varying inversely as the fourth power of the length. 
These elementa of the ship being settled, the question of de- 
fensive armour resolves itself in the first instance into this—How 
total spare tonnage that the ship possesses above her 

power, fuel, and equipment, be so disposed over the required 
areas of defended surface of hull, as to give, when reduced into а 
structure of iron and wood, or of any other material, the maxi- 
mum resistance per unit of surface to the impact of shot at the 
greatest given velocity Р It is well thus to state the problem 
with precision, as it is very far from being yet solved, and many 
who treat of it show a want of clearness as to its conditions and 
limita. The experiments made at vast expense, in this and other 
countries, have not advanced the great features of the question 

much beyond this, that no armour yet devised and capable of 
being borne by any ship of war afloat or designed, can withstand 
the stroke, a few times repeated about the same spot, of a pro- 
jectile of 600lbs. weight, with a velocity of under 2,000 feet per 
second. The only remarkable advance in resistance conferred 
by mere disposition of material of a given total weight, has been 
due to Mr. Chalmers’ arrangement, in which the wood backing 
is divided and supported by transverse septa of plate iron. So 
far, however, the victory is with the , and it may be added 
it is likely to continue so. The problem of the most powerful 
possible gun, like that of the armour, rests upon the data of the 
weight, form, and тера of shot demanded ; the latter element 
depending simply upon the weight of powder charge in relation 

to the weight of the shot. The form of the latter, and hence 

the calibre, which it determines, fix the limit at which any 

increase of weight with a given velocity, or of velocity with a 

given weight, the gun, even though made of steel and wrought 

iron, our most resistant materials, and disposed in the best 

manner, in ringed structure, becomes crippled after a few 


rounds. 

With rifled guns it is pretty certain that this limit is reached 
at a calibre not much exceeding 13 inches, and with a projectile 
of 600lbs., propelled with a velocity of about 2,000 feet рег 
second. Under these conditions every round produces some 
sensible deterioration of the gun; the metal of the interior tube, 
although of steel, becoming fissured first at the angles of the 
rifle grooving about the seat of the powder and section of maxi- 
mum strain, and the whole of the metal soon affording evidence 
of partial disintegration by simultaneous compression and tension 
im orthogonal directions in a plain transverse to the axis. 

Rifled cannon are, however, not indispensable to the destruc- 
tion of armonr-plating, and it may be stated as certain that the 
value of such guns afloat has been greatly overrated. Great 
range, accuracy, and extreme velocity, to effect punching through 
armour-plates, are the supposed advantage for marine use upon 
which those interested in the manufacture of rifled cannon һауе 
based their arguments for the preference to them over smooth 
bores throwing spherical projectiles. But accuracy and great 
range are all but useless in a cannon borne upon an oscillating 
deck, and of all conceivable ways in which a given amount of 
projectile power can be expended in penetrating armour-plating, 
punching out а round hole by an extreme velocity, having just 
the diameter of the shot and admitting of being easily plugged, 
is that which effects the amallest amount of permanent injury. 
A smashing blow delivered by a ponderous projectile at a mode- 
rate velocity, which shall either stave in a large area of the 
ahip’s side at опсо, or shall produce a large irregular star of 

ting fractures and detached pieces of plate, with shaken 
and damaged internal framing, is that which must produce the 
most ** unmedicable wound” іп any ship’s side, and the one that 
may be followed up by “shell fire" from rifled guns with the 
most fatal effect. Such a blow may be delivered best by very 
large spherical shot with a moderate velocity. In such case the 
strain upon the gun is greatly reduced, not alone by the 
diminished initial velocity, but by the reduced inertia of the 
spherical shot in relation to the unit of area of the calibre of the 
gun. Moving in this direction, it is pretty obvious that the 
risto can be kept with the gun, and that an absolutely invul- 
nerable armoured ship is an impossibility within the tonnage to 
which practical conditions limit it. 

It is not a little remarkable, however, that, notwithstanding 
the great sums that have been expended in firing at armour- 
plate targets at Shoeburyness and elsewhere, nota single satis- 


THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 


191 


factory experiment has been made, with a view to fairly com 
the destructive effects of rifle shot at great velocities with those 
of much heavier spherical shot at comparatively low ones. 

Before leaving the subject of artillery, in which there is much 
of interest impossible to advert to here, I may mention that at 
present the well-known house of John Brown and Co., Limited, 
are now making tools and arrangements for rolling out the 
** uses " or forge blocks, for making field 8, or even those of 
larger size, во as to avoid the evils incident to forging by the 
hammer—thus carrying out into practice that which was sug- 
gested by myself in 1855, in my treatise on the “ Materials for 
the Construction of Ordnance." One of the consequences of 
this will be greatly to reduce the cost of production. 

In iron shipbuilding there are no radical changes to note, but 

a steady improvement in the proportioning of parte is observable. 
The necessity of iron decks, in order to complete the up 
member of the ship viewed as a hollow beam, is becoming 
admitted. The recent loss of the London will accelerate their 
introduction, inasmuch as iron decks admit of the construction 
ofengine hatchway coamings in much stronger and safer ways 
than with wood decks and coamings. That all such hatchways 
ought to be fitted with that excellent form of self-releasing iron 
shutters known as “the butterfly coaming shutter," and that 
ventilation, to supply the furnace draught in the boiler room 
when these are closed by stress of weather, ought to be provided 
by а concentric cylindrical casing surrounding the funnel with 
air space between, the loss of this ship proves; a lamentable 
form of demonstration that, however, was not needed by any of 
our best iron shipbuilders, whose desires are too often compelled 
to yield to the merely financial wishes of owners. It may be 
hoped that, after this catastrophe, Lloyd’s rules may embrace 
those requisites as indispensable to a seaworthy steam-ship. 
Iron hollow masts and yards are being largely ara partiy 
recommended on mistaken mechanical principles, but mainly 
from their cheapness and the increasing difficulty alleged in 
procuring large fr spars. Such hollow, and relatively very thin, 
tubes are enormously stiff, but in relation to their stiffness, very 
weak. Ав а result of their extreme stiffness, every variable or 
impulsive transverse strain, in place of being diffused and pro- 
ducing flexure over the entire length, and so easing the material, 
as in a wood mast, is transferred almost оси кат at once to 
the lowest point of the mast at the resisting fulerum, and where 
the stress is necessarily greatest. If fracture occurs, it is, by the 
nature of the material, and of these conditions, at this point, and 
directly transverse. The iron mast thus presents scarcely any 
of the chances of temporary use or of refitment at sea possessed 
by the long splintering timber spar. 

One of the effects of the extensive and extending employment 
of iron in shipbuilding upon the not very distant future, will be 
the rapid increase in the total amount of the mercantile navies 
of the world. In the days of exclusively wooden shipping, the 
average life of а sea-going ship could not be taken at more than ten 
or twelve years (free from all casualties), but with proper original 
construction, and due care in preservation, it is almost impossible 
to assign any limit to the life of an iron ship; and it will be far 
within the truth to say that each (casualties again apart) will 
last from four to five times as long as a ship of timber. The 
result must be the continual accumulation of mercantile shipping 
for many years, or perhaps decades, to come, and this cannot 
but be attended with great benefit to the world at large, in the 
diffusion of exotic commodities and the extension of trade and 
comforts. 

I ought not to omit to notice the ранен during the last 
year of the magnificent work of John Scott Russell, and of those 
of Mr. William Fairbairn and of Dr. Rankine, on shipbuil 
more especially of iron. The first of these works will ever 
an epoch in the literature of the subject. 

e employment of twin screws for propulaion has, after slow 
and cautious trials, proved of great value, not only for the 
navigation of rivers and other shallow waters, and for affording 
the means of steam propulsion to the larger boats carried by 
ships of war, but, in the case of these ships themselves, enabling 
them to turn almost upon their own length, a precious element 
in enabling an enemy’s fire to be partially avoided. I may be 

rmitted to mention that іп the two great mortar flate, designed 
by myself in 1854 for our own Government, and intended to 
carry the 36-inch mortars at Sebastopol and Cronstadt, twin 
screws were employed. : р : 

In the construction of marine engines, amidst many minor 
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novelties of improvements as to detail, the most noteworthy 
progress consists in the constantly accruing perfection in the use 
of higher preesure with expansion, and of surface condensation, 
attended with the immense advantages that the feeding of the 
boilers with fresh water only affords. The employment of steel 
for shafts and cranks, and all severely strained parts of marine 
engines (urged by myself some years since in an account of some 
experiments proving the relative weakness of large wrou ht 
iron, forged “uses,” read to the Institution in London, and then 
reluctantly received by marine engine makers) is now rapidl 
spreading. The greatly increased production of excellent steel, 
of various qualities and at a very reduced price (though still 
much too high) by the Bessemer process, facilitates this. The 
Bessemer converting process is now in extensive operation in 
several different parts of Europe, as well as іп England, and is 
rapidly advancing towards its natural culmination, namely, that, 
except for special and exceptional [i nie wrought iron will 
become a thing of the past and be generally superseded b 
steel, a material weight for weight of much more than double 
the average resisting powers of wrought iron. Е . 

Much remains to be done by the physical experimentalist, 
however, before we can consider ourselves ав having fully 
understood all the properties of this new material in constructive 
relations, and by the mannfacturer to insure to his customer 
absolute metallic папаи in Ње pieces he is called оп to 
supply. Steel plates are already largely employed for ship- 
building, and more cautiously for bridge building, and for rails 
are being laid down toa very large extent. With steel rails 
and steel tyres the wear and tear of both is reduced to a mere 
fraction of that with those of wrought iron, and the co-efficient 
of traction sensibly reduced likewise. 

The discovery of the oil springs in America, and the expiration 
of Young's patent for the production of somewhat similar oils 
by the distillation of coal at a low temperature, have given 
impetus to the endeavours of several experimentalista here, in 
America, and on the Continent, to adapt these oils as a liquid 
fuel for steam navigation. Many of the advantages alle 
are real and well founded, and it can scarcely be doubted that 
ultimately the safe and perfect combustion in-marine boilers of 
such fuel will be affected, and will be adopted on a large scale 
for certain special purposes at least. Up to the present time, 
however, no method tried for burning these oils in marine or 
ert nad boilers has met the conditions required to be 


The increased tonnage and length of iron ships, and their so 
far unpreventable tendency to foul at sea, and still more in 
harbour, and most of all in the warmer latitudes, have produced 
the necessity for graving docks on many foreign stations. For 
structures of this character, always costly and in tideless seas 

ensive to work, floating docks built of iron have been sub- 
stituted with great advantage. Some fine examples of these 
have been produced by Меавгв. Rennie, of London and Deptford, 
for the Spanish and other Governments. 

As regards direct improvements or changes in construction of 
steam engines for land use, there is not much of importance to 
notice. The applications, however, of steam power become day 
by day more universal and varied, as well as powerfal. Steam 
P ие, as well as steam traction on common roads, may be 
said to have become practically established and in use, although 
the short-sighted prejudices of landowners and local authorities 
have done their best to retard these beneficent substitutions of 
elemental for animal power. In both these classes of machinery, 
more especially in the first, the march of improvement is still 
continuous; and as the history of the locomotive shows that its 
practical perfection has been attained by years of bit by bit 
advances, so may we expect that, after a few more years, steam 

iculture and steam traction will have become parts of the 
inary mechanical regimen of the world, as much so as steam 
travelling on railways. 

The spread of steam boiler associations, iu Great Britain, for 
their inspection and insurance against explosion, though partly 
due no doubt to the desire of some to open up new avenues to 
employment or patronage, indicates the growing sense on the 
part of the publio of the necessity of some controlling element 
to check the recklessness and ignorance with which steam power 
in all its applications, as well as machinery in general, and, we 
may add, many works and trades involving danger to life or 
insalubrity to health, are worked or carried on in our country. 

It may be much doubted whether such voluntary associations 
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аге at all competent to deal with the evils; and, although 

ed to bur common prejudices in favour of that vory kary 
notion called self-government, it would seem that the time has 
fully come when the Board of Trade might with great public 
advantage have its legal powers of effective surveillance and 
control] greatly extended, and based upon Ше legislation of 
France and Prussia in regard to government interference with 
dangerous or insalubrious trades. It is absurd that, while the 
Board of Trade investigates the nature and causes of railway 
accidents, and elaborately points these out in annual reports, 
these causes remain unaltered, and that there existe no legal 
power of compelling the removal of any one, even the moet 
certain, obvious, or саву of remedy. It is needless to dilate 
upon the history of such matters as communication between 
enginemen, guard, and psssengers, nor to point out that thi 
declared beforehand to фе impossible to be altered without ruin 
to whole classes, &c., such as the issue of manufacturing smoke, 
have been found easy to rectify, and advantageous to all, after 
legislative pressure has been once applied to them. Perhaps 
the most curious example is that of the great copper-smelters at 
Swansea, who, after having for years persisted in affirming that 
“copper smoke," which made the country around a desert, 
could not be prevented, have at length been reluctantly con- 
vinced by а German that it can be avoided, and avoided with 
enormous pecuniary advantages to their own interests. 

Speed upon railways resolves itself into в question of mere 
cost. While on many of ourlines even the existing speed of 
passenger expróss trains is in advance of the real public demand, 
as measured by return and dividend, there are a few special 
cases in which even an increase on the best speed yet attained— 
such, for example, as that of the Limited Scotch Mail from 
London—seems about being applied for, by the constantly 
increasing exteut of business travel, and the urgency for 
economising time. Thus, it has been proposed to form a 
distinct express passenger trunk line, upon the broadest. known 

ge, to unite the great centres north and south of Great 
ritain, and to travel thereon аба speed which, including the 
effect of reduced number of stoppages, might nearly double our 
present rate of express trains. Probably, as a whole, this 
project may be even yet premature. In one respect, however, 
the proposition of reverting (not to, but) towards the broad 
gauge, 18 far from premature. The pressure both of a scarce 
manageable traffic and for high speeds, during several years, has 
been attended with this, amongst other effects, that the size, 
height, and weight of the rolling stock of the broad gauge of 
Brunel has been gradually more and more approximated to in 
the engines, carriages, waggons, &c., placed upon the narrow 
4ft. 8hin. gauge. The result has been, especially in the engines, 
to raise the level of the centre of gravity to a dangerous height 
above this narrow base in many instances. Engines of express 
trains may now be seen with the centre of gravity when in 
ruuning trim, more than seven feet above the 4ft. 8}in. rails, 
With a co-efficient of stability thus reduced, the slightest obatacle 
or X i of lateral oscillation may throw the engine off the 
rails. 

In the locomotive engine many important improvements tend- 
ing to reduce the cost of traction, to increase its олер пров 
steep gradients, or to facilitate management and diminish re- 
pairs, have been made comparatively recently in Great Britain 
and abroad. Mr. Fell’s engines, ping laterally by friction a 
deep middle rail, which are but the carrying out of an old idea 
many times suggested, and perhaps originally traceable to the 
inventions of my predecessor in this chair, Mr. Vignolles, have 
been found competent to ascend with facility, certainty, and 
sufficient economy, gradients the most severe that are n 
to ascend the crest of the Alps. Adapted to this principle, a 
railway is being now laid over the crest of Mont Cenis, to unite 
Bardoneche and Modane, on the Italian and French sides of the 
mountain, through the bowels of which the gigantic tunnel of 
Mont Cenis is simultaneously being cut. This great tunnel, al- 
though advancing at a rapid and secto rate per day, is not 
likely to be perforated through and the rails ready for traffic for 


4 probably five to seven years at least, and in this interval it is 


expected that the supra-montane railway will have returned а 
respectable profit, and may then yield to its levelling competitor 
beneath. inclines have been at all times, but moreasingly 
of late years, more courageously employed by Continental en- 
gineers than by those of our own country, where: indeed, the 
natural fetaures of our islands do not present the same necessity 
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for sharp gradients. The Giovi and Sómering inclines at an 
early period called forth, through the skill of Borsig and several 
others, locomotives of before unknown weight, adhesion, and 
power; but even these have gradually given place to engines of 
still greater evaporative power, and so placed upon their wheels 
as to utilize their entire weight in adhesion. 

The latest of these is the engine desi ed by M. Thonvenot 
(for certain Swiss railways), which may be viewed as two loco- 
motives applied end to end at the fire-boxes, which are thrown 
into one greatly enlarged, and fed at the sides. These engines 
will weigh 80 tons, and in size and weight far exceed those of 
Mr. Petiet on the Great Northern of France. Into the details of 
this engine we cannot go; it proposes several advantages, some 
of which are real, in addition to great evaporative power and 
great and uniform adhesion, but its effects on any ordinary rail 
will be damaging, especially on curves. 

Coal burning in locomotives has become universal, and although 
the coal supplied in France is generally inferior in quality to our 
own, the perfection of the combustion, and freedom from smoke 
or smell, are in advance of our general practice. А still further 
advance has been very recently made on one or two of the 
French lines, in the adaptation of the fire-box arrangements 
specially for consuming very small coal (so small as to be almost 
coal dust) without material waste. The results obtained are 
satisfactory, and of high importance in many parts of Europe, 
especially in such regions as Bohemia and Hungary, where the 
coal is tertiary (lignite in faet, though P pedis d when dug out 
the aspect of good Newcastle coal), and yet slacks to pieces and 
falis into dust in а few days. Such coal.dust is compressed in 
hot cast-iron moulds, and reconsolidated into bricks, which are 
used as fuel in the steam vessels navigating the Theiss and 
Danube, &е. 

Steel fire-boxes have been in several instances substituted for 
those of sopper on the French railways, upon which, as well as 
upon our Indian railways, and upon some of our British lines, 
the Giffard injector has almost superseded the feed pump. 
The theory of this remarkable instrument has within the last 
year or two received striking advances at the hands of French 
and German engineers. 

Барбара of locomotive boilers continue to occur every now 
and then with generally fatal effects. These are, to our disgrace, 
very much confined to England, and result almost entirely from 
the systematic neglect of periodical proof of the boilers by water 
pressure, a matter compulsory abroad, and against which the 
irrational dicta of locomotive superintendents in England ought 
no longer to be tolerated. These accidents have resulted in 
throwing some little additional light on some before obscure 
cireumstances, whereby mechanically induced change of form in 
such boilers aggravates the loss of substance locally by corrosion. 

The Mont Cenis tunnel, to which I have already alluded, 
presents the first example upon a great scale of the successful 
application of power to the perforation of rock. The origination 
of the machinery directly employed is unquestionably due to an 
English engineer, the Tate Mr. Bartlett, while the special 
machinery by which the natural torrents descending from the 
flanks of Mont Cenis are made available to compress air, as the 
motive power and means of ventilation, are due to MM. бош- 

meiller, Grandis, and Grattoni, the engineers now charged with 
this magnificent work. The success of these machines for jump- 
ing holes in rock, now some years proved, has since led to many 
others for like purposes, and to the admirable coal-cutting 
machinery, driven by compressed air, now at work both in the 
North of England and in South Wales. These machines, while 
relieving the coal-hewer of the most laborious part, if not the 
whole, of his dangerous and unwholesome task, effect an economy 
in the coal necessarily destroyed in getting, to the extent of at 
least five-sixtha of the whole. 

In connection with these fine instruments for quickening 
man’s mastery over matter in its crudest and most resistant 
form, may be noticed the revival of the employment both for 
blasting and for fire-arms, &c., of gun-cotton, resulting from the 
improved methods of its manufacture, due to Colonel Lenk, of 
the Austrian service. The superiority as a rending agent in 
blasting of gun-cotton over gun-powder, and its advantages in 
some other respects, are now established facts, and its manu- 
facture as an article of trade has once more become active. 
Some other new explosive agents with mnch less promise have 
been brought before engineers, amongst which are a new 
gunpowder, the oxidising agent in which is stated to be chiefly 
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nitrate of barytes, and the formidable and hazardous nitro- 
glycerine or blasting oil, now on sale in England. 

п noticing the methods of tunnel cutting by machinery, I 
may not omit to notice the remarkable work of Herr Rziha and 
his admirable substitutions of wrought-iron framing, &c., for 
the mass of timbering usually employed in tunnelling operations. 
Nor, as being works highly analogous, and occasionally full of 
difficulties requiring to be overcome, can I pass the beauty of 
the methods, and the success with which vertical shaft-sinking, 
whether for colliery or other purposes, has been achieved in 
Northern Prussia and in Belgium. Amongst these the successful 
methods of M. Guibal for sinking through running quicksand 
without air pressure, or pumping out the water, are worthy of 
all attention. 

Tunnelling in water-bearing strata, as beneath the beds of 
rivers or estuaries, which received a shock from the disasters of 
the Thames tunnel that prevented any like undertaking for 
many years, has once more resumed the position from which it 
ought never to have been displaced by the wholly exceptional 
conditions in which the elder Brunel placed himself. The 
Thames tunnel was, in fact, bored not so much beneath as 
through the Thames, for it was in some places but four feet 
below the bed, thelatter being of mud almost as liquid as cream. 
Why this disastrously high level was chosen we need not now 
fo into. If, however, the level of a tunnel be so fixed beneath a 

rge river as to leave an abundant thickness of covering 
materialabove it, the work in reslity presents no conditions 
different, or more difficult to be coped with by well-known 
means, than those constantly met with in every land tunnel 
through a hill of water-bearing beds, the water supply of which 
may be practically inexhaustible, as for instance was the case 
at the Kilsby tunnel, on the London and Birmingham Railway. 

And in accordance with this view I may mention. that a 
leader whose practical ability is justly valued in our profession, 
my friend Mr. Hawkshaw, has recorded his readiness to under- 

e а new tunnel under the ‘thames, and has expressed to 
myself personally his unhesitating willingness to undertake one 
beneath the Straits of Dover, and I should not be suprised if in 
the progress of events he may yet live to be called upon todo во. 

Another and wholly different method of tunnelling beneath 
rivers or arms of the sea, has also been matured since Brunel's 
early day, in which the work is done in segments from above, 
and partly by coffer-damming, or the sinking of iron caissons. 
This admits of placing the level of the roof of the tunnel actually 
no lower than the bed of the river. This method has been 

roposed for crossing beneath the Mersey above Liverpool, and 
16 is at this moment in active operation in London for passing 
the new tunnel that is to carry the pneumatic dispatch railway 
from the Waterloo station south of the Thames, to the northern 
side at Whitehall, under the direction of Mr. Rammell, С.Е. 


(To be continued.) 
— 
SUGGESTIONS TO YOUNG ARCHITECTS. 


Ат the meeting of the Architectural Association held on the 
18th May, a paper was read by Мг. B. Ferry, F.S.A., con- 
taining * Suggestions to Young Architects for facilitating their 
correspondenco with Chartered or Diocesan Church Building 
Societies, and Hints on some Practical Points." 


Mr. Еквву detailed the steps which should be taken to obtain 
aid from the various societies established to assist in the buildin 
of new churches or enlargement of existing fabrics, and explaine 
the nature of the rules and conditions under which such aid was 
to be obtained. Glancing, then, to the works themselves, he 
deprecated the tendency exhibited in some directions to run up 
churches with the merctricious aid of the iron-founder. He was 
in favour of a sensible and severe form, adapted to the site and 
the aspect, and for exemplars he recommended the student of 
architecture to visit Normandy and sce what had been done 
there in the way of parish churches. Solidity of construction 
ought to be kept in view as much as possible, for without it it 
was impossible to obtain that impressive effect which ought to 
be the first characteristic of a building dedicated to God. It 
was, he thought, a reproach to an age in which thousands upon 
thousands of pounds could be readily obtained for any utilitarian 
object, that raising money for the building of churches should 
be a matter of so much difficulty. It was, in fact, a national 
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reproach that architects should so often be asked to prepare 
designs for “cheap churches.” It was, however, due to the 
committee of the Church-Building Society to state that they 
were anxious in all instances to obtain fabries of a church-like 
character; the first consideration being accommodation for the 
serviees of the church, and for the worshippers, leaving the 
tower and ornamental details to be completed out of funds to be 
provided hereafter. It was to their credit, also, that they were 
anxious to preserve old work as much as possible, and not to 
puli down or change any features of a bailing which marked 
the period of art to which it belonged. Many fine old parish 
churches had been pulled down in consequence of the ignorance 
of the professional adviser. A notable instance of such destruc- 
tion had lately occurred in the county of Middlesex, where a 
fino old parish church, of groat architectural beauty, which 
might have been restored with the best effect, and preserved for 
centuries to come, had been immolated to the ignorance of the 
orsons who had the direction of the matter. Many hideous- 
ooking churches and chapels had also been “ put up " by local 
builders, no architect having been employed to give designs or 
Mi puer construction. Some practical information o па 
value might be gathered upon these points by the study of the 
paper printed by the Royal Institute of British Architects in re- 
ference to them, and he recommended all young architects to take 
the advice there given. Referring next to the manner in which 
the walls and roofs of churehes should be constructed, Mr. Ferry 
pointed out the necessity of choosing the most eligible site, so as 
to avoid land-springs in the foundations, and to get as much 
protection as possible from the south-west wind, which, when 
accompanied by continuous rain, would soak almost an 
exposed to their combined influences. In making foundations in 
clay soils, Це recommended the free use of concrete rather than 
very deep foundations. He would advise, to insure solidity and 
provide against damp, to lay down a platform or bed of concrete, 
which experience had shown to be the best precaution. The 
eircumstance that in so many old parish churches the south- 
west walls were found to be plastered, arose from the circum- 
stance that а driving rain of many hours’ duration would 
generally find its way through, no matter of what materials the 
walls might be constructe In order to prevent this, he 
recommended an inner lining of brick or ashlar, with an inter- 
stice between, which would be found to keep the interior face 
of the walldry in any weather. The roofing of churches 
was also а point deserving the utmost care.  Panelled roofs 
were the best, not only for the comfort of the worshippers, 
but also for the conveyance of sound; but,in cases where it 
might be necessary to have open roofs, he recommended 
that attention should be paid to ventilation, and sufficient 
draught secured to prevent the accumulation of moisture 
upon the beams. This moisture often fell in drops upon 
the pews, and, independently of the inconvenience, did much 
damage to the woodwork of the church. Another subject which 
the author brought under notice as deserving the attention of 
the architect, was the manner of laying encaustic tiles now so 
generally used in ecclesiastical structures. Great care should be 
taken in preparing the surface beforo laying the tiles, so as 
to prevent the use of unslacked lime. Many instances 
occurred in which the tiles were broken and the flooring 
destroyed by thc expansion of particles of unslacked lime. 
With regard to bells, now that steel bells were coming so much 
into use, owing to their cheapness when compared with those 
constructed of ordinary bell-metal, he recommended that in no 
case should the supports of the bells be mado to rest upon any 
portion of the tower in which they were hung, as the vibration 
was destructive of masonry. The caging of timber or machinery 
upon which the bells rested should be altogether independent 
of the tower, Tho neglect of this precaution often did immense 
injury to this portion of the building. Moreover, it was well 
known to those who had paid attention to the matter, that the 
tone of a peal of bells was far better when the machinery b 
which they were supported was altogether unconnected wi 
the solid masonry of the building. ith reference to the new 
system, Mr. Ferry commented upon the evils of unendowed or 
proprietary churches, which, he said, necessarily led to tho 
total exclusion of the poor, because the income of the incumbent 
and tho expenses incidental to maintaining the services of the 
church had to come out of whatever funds were obtained 
from the letting of the seats. Architects had, he thought, reason 
to deprecate the pew system, with all its abominations. Mr. 
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Ferry concluded his paper with some practical hints on the 
building of parsonage-houses, explaining the equitable nature of 
the arrangements for assistance made by the Sonme sioners of 
Queen Anne’s bounty. No sum greater than three years’ value 
of a living or benefice was advanced; but the payment was 
extended over thirty years, and became a charge upon the 
property, which no change of occupier could affect. this 
means the occupier for the time being was in no case bound to 
contribute a share to the burden beyond that for which he 
obtained full value. 


—————— 


INSTITUTION OF CIVIL ENGINEERS. 


May 16, 1866.—The discussion upon Mr. Burnell's paper “ Ою the 
Water Supply of the City of Parts,” occupied the whole evening. 


After the meeting, Mr. Н. Temple Humphreys, Assoc. Inst. C. E., ex- 
hibited and explained, with diagrams, an instrument called the Gyclo- 
scope, for setting out railway or other curves, without the aid of the 
transit theodolite, &с. Externally, it somewhat resembled а box sex- 
tant. It was composed of two essential parts only, тік.: two plans 
mirrors, one of which was silvered over whole of its surface, and 
the other over one-half of its surface. By a law of physical optics, 
which was called either combined or successive reflexions, a series of 
images would be formed in the half mirror, which were rendered avail- 
able to set out any curve of any given radius, by applying the eye to 
an eye-hole in the back of the whole mirror, and at the same time set- 
ting the two mirrors at an angle to one another equal to the required 
tangential angle. Then the several successive reflected images of a 
ranging rod, for instance, were seen to lie upon the circumference of a 
mathematically true circle. The curve was then readily set out in the 
field by simply placing other ranging rods in line with these several 
imagon This could be done by looking through the unsilvered half of 
the half-mirror, and planting the rods opposite to and overlapping the 
succesaive reflexions. No error could arise in the manipulation, the 
whole process of setting out a true curve was shortened and simplified. 
After setting the mirrors to the requisite tangential angle, no 
adjustment or support was needed than could be afforded by the top of a 
ranging rod placed at the commencement of the curve, and shifted occa- 
sionally to апу Маже оп the curve that the limits of distinct vision 
might require. 

———— 


Cork Springs.—In a recent report upon new mechanical ap- 
plications the secretary of the Franklin Institute called attention 
to the use of cork in place of india rubber, as a mp for 
freight cars and like heavy vehicles. One would not be led by 
any means to predict the efficiency of cork in this connection, 
from ordinary impressions of its properties. Тһе cork used for 
these springs is of the commonest description, harsh, hard, and 
full of fissures. lt is cut into disks of about eight inches 
diameter, each pierced with & central hole. Previous, however, 
to cutting it, itis soaked in а mixture of molasses and water, 
whieh gives it some softness and renders it permanently moist. 
A number of these cork disks are placed іп a cylindrical cast 
iron box, а flat iron lid or disk is placed over them, and by 
hydraulie pressure is forced down so as to reduce the thickness 
to one- A bolt is then run through box, corks, and cover 
at the centre, and a nut being screwed on this, holds all in place, 
when the press is relieved, and the box of compressed cork, 
disks, or cork-spring is ready for use. One of these springs, 
placed in a testing machine, under a weight of 20,000lbs., shows 
an elasticity suggestive of compressed air in a condensing pump, 
One would expect, from the appearance of the material, that. 
under п pressure, it would Бе pulverized or split into shreds, 
especially if this pressure was assisted by violent shocks; but 
in fact no such action takes place. A pressure which destroys 
india rubber, causing it to split up and lose its elasticity, leaves 
the cork unimpaired, and, with ths machinery in use, it 
even been impossible, with any pressure attainable, to injure 
the cork, even when areas of but one inch were acted upon. In 
connection with this subject, the President, Mr. Wm. Sellers, 
remarked, at the conclusion of the Seeretary's report, that he 
had for some five years, employed а forging machine in which а 
spring of the form and material above described was used and 
subjected to continual and violent shocks, and that its per- 
formance had been most thoroughly satisfactory, with no signs 
of deterioration. 


—À— — 
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The strength of wrought iron in extension and in compression 
is about the same, yet the bottom of the ship is usually made 
enormously stronger than the top. Ч 

Some iron ships, indeed, have no proper top, or only a wooden 
one. Much of the strength of the Potton: which might other- 
wise be made available in giving strength to the ship, considered 
ав а floating girder, is thus wasted. 

1 indulge hi hope that the economical considerations pointed 
out may be not only useful in lightening and strengthening 
ships designed for war, but in inducing private shipbuilders to 
introduce partial iron decks so formed into ships designed for 
commerce. І may add, that these proposals do not form the 
subject of any patent. 

----------- 


GRAVESTONES.* 
Вт tue Rev. Е. L. Соттв, М.А. 


Ler us first take a rapid glance at the Mediæval gravestones, 
to which we naturally look for models, or at least for sugges- 
tions, for our own practice; and first of all we may notice that 
the Mediæval gravestones seem to be modifications of Classical 
ones. The old E Roman sarcophagus continued to be used by 
Christians, and was gradually diminished in size and modified in 
form, till it took the shape of the tapering stone coffin with its 
coped lid. A sarcophagus of Classic shape, Romano-Gallic, 
with Christian белін from France, shows the transition from 
the Classic to the Mediæval form. The ordinary hcad-stone, 
with a rounded (not a cruciform) head, has its prototypes in 
Greek and Roman gravestones. On Etruscan sarcophagi we 
very commonly find reclining effigies of very elegant design, 
which perhaps suggested the Mediæval effigies, though the 
attitude and spirit of the figures is very different. 

The rude upright unhewn stone, of earlier than Classical 
times, such as Jacob erected upon Rachel's grave, was first 
marked with a small cross; then the head was rudely worked 
into a cross shape; and so it came to be developed into a 
finished cross, like Ше Runic or Saxon crosses, and still later 
into the elegant Medieval churchyard eross. When we put 
together the ancient examples which exist in the British Islands, 
we find a very large number of all the kinds which I have men- 
tioned, and extending in date from Roman times downwards. 

But there is another kind of monument more ancient, more 
appropriate, and more universal than all the rest, viz., the 
earthen mound. These were the monuments of heroes in the 
days of the Trojan war, and how much earlier we do not know. 
They are dotted like low natural hills over the Steppes of 
Tartary; they are found buried under the rank tropical vegeta- 
tion of Central America, monuments of races of whom no other 
monument remains. In England all the races who have succes- 
sively inhabited the land have left those monuments behind. 
Тһе British barrows in Salisbury Plain come into one's mind ; 
and the Roman tumuli, erected over sepulchral chambers, and 
th» Saxon barrows, in which we find the remains of whole fami- 
lier, the men with their rusty spear-heads and swords lying by 
ther bones, the women with their gold-enamelled ornaments 
mingled with their dust; and the low turf mounds, which the 
sexton heaps with his spade over the humble graves ‘in our 
country churchyards, are the undoubted successors and repre- 
sentatives of the barrows of our Saxon forefathers. Until а 
recent period the people were buried in them uncoffined, as their 
forefathers were. Aher all, it is the most appropriate monu- 
ment. It tells us that there one of our fellow-men has been 
* laid in ground," as the old ballad says, and has displaced just 
that length and breadth of kindred dust which you see raised 
above the general level of the earth; that heap of dust is his 
vera effigies, for dust he was; the green grass which will grow 
over it will be his symbolical epitaph—* As for man, his days 
arc as gross.” 

In England these grave-mounds are always of the low rounded 
shape, with which we are all familiar. In Normandy I have 
seen grave-mounds shaped in imitation of a ridged coffin-stone, 
and sometimes with a strip of turf raised from end to end and 
side to side iù imitation of the cross upon a coffin-stone. The 
old types of monument which have been chiefly imitated in our 
modern Gothic gravestones are the recumbent stone, which we 
commonly call в coffin-stone, the upright head-cross, and the 
sarcophagus. Let us glance at the chief peculiarities of these 


% From а paper read at the Architectural Museum. 
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ancient gravestones. The coffin-stones are usually long, narrow 
and tapering from head to foot, and probably always formed the 
actual lid of the stone coffin in which the deceased was buried : 
the coffin was sunk till its upper margin was level with the 
earth, and then the lid formed Шы monument. Sometimes the 
lid is flat, sometimes it is coped, as if to throw off the rain. In 
nineteen cases out of twenty there is a cross carved upon the 
coffin-stone. When the stone is flat, the cross is sometimes 
only outlined with bold incised lines ; sometimes it is sculptured 
in low relief. There is seldom an inscription, and then little 
more than a name ; but there is often a symbol of the calling of 
the deceased sculptured beside the cross. The cross itself was 
the symbol of the Christian person: when two persons, or man 
and wife, were buried under one stone, we find two crosses; in 
one case a little cross is added, perhaps the symbol of a child. 
The symbol of calling was placed beside the cross: a sword for 
a knight, a chalice for a priest, a bow and arrow for a forester, 
and a pair of shears or scissors for a woman. There is one 
symbol frequently found attached to the middle of the shaft of 
the cross whose meaning has baffled all our ingenuity. It is 


something like a bracket on each side of the shaft } | { ; some- 


times the lines are headed like those of а riband; sometimes 
they are stiff, as if of stone or metal, and they differ a little in 
ine. There is one at Horningsea, Cambridgeshire, and others 
at Helpstone, Peterborough; they are very common. There is 
a similar ornament on a 
faucon. 

The thing that most strikes us, perhaps, in looking over & 
colleetion of drawings of these coffin-stones, is the endless 
variety of ingenious, fanciful, beautiful cruciform designs upon 
them. Among them are some examples of a method of counter- 
sinking the design іп а way which saves labour, protects the de- 
sign from wear, and often adds considerably to its effect by 
enclosing it in а kind of frame. 

After looking over a collection of drawings of old designs, it 
would seem to be the easiest thing possible to reproduce them, 
or to design modern ones in the same spirit; but if we look 
through a series of drawings of modern designs, we shall see 


man gravestone engraved in Mont- 


` that the attempt to reproduce an ancient design generally faila 


somehow to retain the simplicity and breadth and vigour of the 
old onc; and' the attempts to design new ones in the spirit of 
the old are, I venture very humbly to say, too often unsatis- 
factory. 

These, perhaps, are some of the reasons of failure :— 

The first, I think, is the shape. There is something pictu. 
resque in the long, narrow, tapering coffin-stone ; but it derived 
that shape from the fact that it formed the lid of the stone 
coffin. When we lay it over one of our modern graves it is in- 
appropriate: for it is not the shape of the grave over which it is 

aced, and it is not large enough—wide enough—to cover it. 

t is а coffin-lid without any coffin under it; it is a gravestone 
which is too scanty to serve its purpose of covering the grave. 

But, 2ndly, to remedy this defect, and to make the monument 
larger and more imposing, the coffin-stone in modern practice is 
often mounted on a massive slab of stone by way of base. But 
this introduces another incongruity. The massive slab is the 
real gravestone, and it should be deait with accordingly. I do 
not think it is a happy idea to take a stray coffin-lid (the taper- 
ing shape irresistibly suggests the idea of а coffin-lid) and lay it 
upon the gravestone by way of monument. In the margin of a 
manuscript in the British Museums is a figure of Death on the 
pale horse, who carries a taper coffin-stone by way of a shield ; 
to lay one on our gravestone is to use it similarly as a symbol. 

A third source of failure, I think, is in the character of the 
designs sculptured upon the coffin-stones. If we compare the 
design and execution of the old gravestones with contemporary 
architectural sculpture, we shall find that, in the great majority 
of cases, the gravestones are comparatively simple in design and 
rude in execution. The design is generally bold and vigorous, 
often ingenious and beautiful; but, after all, it is simple, and it 
is only deeply scratched or rudely carved on the stone. I can 
imagine that the caligrapher of the neighbouring monastery 
drew the design on a scrap of vellum, and the “local mason 
hatehed it out with his stone axe. The designer showed some 
taste in giving such a simple broad design as could be effec- 
tively executed by such rude hands, and the mason did his work 
well when he had cut it deeply, or hatched it in relief, with 
freedom and vigour. But when this kind of work is copied, 
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with our modern elaborate precision, its vigour and spirit usually 
vanish, and leave nothing but a bald and tame result. When 
such a stone is mounted on a massive base, and protected per- 
haps by an elaborate iron screen, the poverty of the design is 
made more conspicuous by this sumptuous treatment. 

I venture to suggest that the modern recumbent gravestone 
should be the rectangular on plan, i.e., of the shape and of the 
size of the grave which it is to cover. The flat and the coped 
coffin-stones suggest two different styles of treatment. In the 
flat style, the size of the stone leaves ample room for an іпзетір- 
tion round the margin, to be enclosed within marginal lines or 
mouldings. These will advantageously narrow the field of the 
stone, and upon this field may be placed a cruciform design. I 
think our modern taste requires for its satisfaction more elabora- 
tion of design and greater skill in execution than are found in 
the majority of these old coffin-stones ; and now there is not 
the slightest difficulty in obtaining both. There are some of 
the old stones which possess these characters, executed probably 
where skilful design and workmanship were easily accessible. 
At Milton, Oxon, for example, there is a foliated cross in which 
the foliation is of the best style of Early English foliage. At 
Hexham, Northumberland, there is an incised slab in which the 
whole field of the stone is covered with a pattern of vine 
foliage. In Lincoln cloisters there is a thirteenth century stone 
which has a “ tree of Jesse,” very well designed and sculptured, 
covering the field. The method of countersinking the design, 
shown in some of the exhibited examples, is worthy of considera- 
tion; and both in incised and countersunk work it may be con- 
sidered whether the incisions may not be filled in with colourin 
matter, if any colouring matter will resist the weather ; or filled 
in with coloured stone, if, again, such inlaid work will stand the 
climate. This method of inlaying with coloured stone and 
marble, if it will stand our climate, opens up a wide scope for 
elaboration in a style which has taken a strong hold of the pre- 
sent taste; only, again, I confess І have misgivings whether, 
except on a very simple and careful use of it, it will stand onr 
climate. 

The coped stones suggest another mode of treatment. Let 
the stone still be rectangular in plan—not tapering ; mould the 
edge deeply, leaving в plain fillet among the mouldings, broad 
enough to carry the inscription, and from the upper moulding 
carry пра plain prism, with a bold and simple roll at the angles, 
to form a kind of cross. Тһе tomb of William Rufus, in Win: 
chester Cathedral, is something after this kind. One in the 
Temple Church has sculptured ornaments carried along the 
edges of the prism with very good effect. Or the mouldings 
may be made a little deeper, and a narrow flat top left for the 
reception of a cruciform design. It is very usual in modern 
practice to add a head-cross and foot-stone to a crossed coffin- 
stone. This, I venture to think, is also а mistake. It is an un- 
necessary combination of two different monuments. Where 
there is a coffin-stone with cross and inscription, a head and 
footstone beside are unnecessary. If the ends aro rather high, 
and look bare, cusp the gables, or incise a symbol upon them. 
Where there is а head-cross. and it is desired to lay a stone over 
the grave to protect it, it should, I think, not be a regular 
coffin-stone, but а plain and simple stone, without any cruciform 
device. There are some examples, both in England and on the 
Continent, of a variety of the coped stone which I can best 
describe as being on the plan oh the roof of a cross church. 
The ridges, with & bold roll on them, form a plain cross. It is 
& very beautiful design, susceptible of architectural moulding— 
dog-tooth, ball-flower, &c., the like in the base, and of cusping 
in the gabled ends. Some of the modern adaptations of this 
type are among the most successful modern designs I have met 
with. 


I come now to the class of head-stones. There are two great 
types. In one, the general form of the stone is that of a cross; 
in the other, the stone has a rounded head, and a cruciform 
device is either incised or carved in relief upon the face of it. 
Very few ancient examples of these head-stones remain: there 
are hundreds of coffin-stones ; of hend.stones only a dozen or 
two. Our modern designs for head-stones iro | think, less 
satisfactory than the modern coffin-stones. This does not arise 
from the scarcity of ancient examples, for many of the cruci- 
form designs on the flat stones are equally applicable, with a 
little &daptation, to head-stones ; and the gable crosses, of which 
we have many fine examples, would also afford authorities easily 

alied to the purposes of head-stones. It is the latter type 
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which has chiefly been followed in modern designs, and the 
fault in them arises almost entirely from making the stone too 
large—too high, and too wide. e fault does not lie with the 
designer, but with his clients, who will insist upon having 8 
stone large enough to contain & long inscription, or inscriptions, 
to several members of a family. 

The most noticeable thing about the few old head-stones 
which we have is, that they are small in size and very simple in 
character. In the modern adaptation of them, a eruciform head. 
of proper size is put on the top of a high, wide slab, and the 
effect does not satisfy theeye. Many attempts have been made 
to shape the slab so as to make it a proper base for the cross 
with more or less success. Some of the modern head-stones 
retain the proportions of the old ones, and look pretty well on 
paper; but Shu you see them executed you find that, though 
the old proportions are retained, they are magnified two or three 
fold, ап that the result is the usual high, wide slab, with a 
cruciform head of much too large a size. In short, І have 
looked through в considerable number of modern designs, in 
which the designers have attempted to solve the problem, and I 
come to the conclusion that it is simply impossible to combine a 
high wide base with a cruciform head so as to produce a satis- 
factory result. We must, I think, try to persuade people to be 
satisfied with low and narrow head-stones. If such a stone 
seems too simple, and does not satisfy the desire to have some- 
thing more sumptuous, perhaps we can arrange the matter by 
making the monument of marble and bestowing some carving 
upon it of a more artistic character than usual, i.e., give them 
iho value of the money they insist on spending on art instead of 
material. The greatest difficulty, perhaps, be to persuade 
them to be satisfied with a very short inscription; and anything 
but а very short, unostentatious inscription will spoil the effect 
of the design. We might, perhaps, obtain leave to have a 
proper head-stone if we put a flat stone behind it, on which an 
epitaph might be inscribed; only this stone must be low and 
narrow, aud unostentatious, or it will spoil the effect of the 
head-stone. 

The other type of head-stone, in which the stone is cut into 
the form of a slender cross, does not seem to have been much 
followed in modern design; probably because it offers still less 
space than the other type for inscriptions; but I think it offers 
scope for a wide range of dene which would be artistically 
satisfactory. What we especially want in the monuments for 
our crowded cemeteries is great variety in their general form; 
and this class of crosses, ranging from a slender Han cross a 
foot high up to a tall cross of the ordinary “ churchyard cross " 
kind, or even to a cross of the Eleanor Cross type, offers greater 
scope for variety in dimensions and outline than any other. 

Most of the ancient crosses of the head-cross type which 
remain to us are of early date, and of Saxon character. I have 
seen some of them reproduced in modern designs, and J do not 
think the result is satisfactory. I do not believe there is any 
great beauty to our eyes in the intricate interlaced work in 
which the Northmen so much delighted, or that we appreciate 
the mystical meaning of the lacertine monsters which ile; used 
во commonly in ornamentation; and I doubt whether the 
peculiar outline which we find commonly associated with such 
ornamentation is that which our modern taste desires. Of 
course, some people take pleasure in the reproduction of these 
forms or they would not reproduce them, but I think it must 
be an antiquarian pleasure derived from the associations which 
they awaken rather than from the intrinsic boauty of the 

esigns. 

The great majority of the tall crosses to which I have pointed 
as affording a suggestion for monumental crosses are of this 
early type. ОҒ the station and churchyard crosses of Gothic 
dean ce have escaped mutilation; a stepped base and broken 
shaft may be seen in hundreds of our villages, but the head— 
the crown of the design—is almost always broken away. It is 
quite a wonder to me that, while people have been revivi 
everything else Gothic that tras beautiful they have not reviv 
the churchyard cross. It was not the early Heformers who 
broke them down. it was the Puritans. Some of them may 
have had superstitious images upon them, and may have de- 
served to be Тиса down ; but it is easy to restore them with 
а cross head, or with а anp iren group whieh has nothin 
objectionable in it. I should be very gad to see all the ol 
ones restored, or a new one erected in every churchyard. I 
do not know any small architectural work which is more beauti- 
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ful, and its significance and appropriateness as the ornament of 
the churchyard or cemetery are manifest. 


In saying that sepulchral ornaments of this kind might be 
erected, besides the one churchyard cross, it has to be con- 
sidered how it would look to have several such crosses in Ше 
same churchyard. If they were not too numerous, and if they 
were sufficiently varied in general size and form, there would 
be no fear. There are two at Penrith of the same size and 
design, at the head and foot of a long space, enclosed by very 
ancient semicircular stones, called the Giant’ Grave ; t еу do 
not spoil one another. There are two at Sandbach, Cheshire, 
in the market-place, so close togethor that their bases touch one 
another ; they are of different size and design, though of similar 
date and character, and they form a very picturesque group. 
In MS. illustrations we sometimes find three or four 
monumental crosses represented in the same churchyard. The 
churchyard cross sould be distinguished from sepulchral monu- 
ments of the same t by being placed on a Lese of steps; 
and it might easily have a further pre-eminence given it by 
the style of its design or subject of its sculpture. It might 
have evangelistic symbols at the angles of its base, and a figure 
of the patron saint іп a canopied niche on its shaft. The monu- 
mental crosses would, I suppose, not have the same spreading 
octagonal graduated base, but would rise from а base which 
covered the grave, and that base would afford ample space for 
an inscription. ' 

Another very common form of modern monument is the high 
tomb : it docs not seem to have been uscd as an outdoor monu- 
ment in Medieval times; but now-a-days it offers the supposed 
advantage of a more imposing and sumptuous monument than 
а mere coffin-stone or eid ordan and is therefore popular. 
Some of the modern designs are adopted from Ше old sarcophagus. 
The old sarcophagus, hewn out of one stone, was a very massive 
and imposing monument, and derived solemnity from the fact 
that it act contained the body of the deceased. Some of 
the modern deus have the modified form of a Mediæval 
shrine. But a modern high tomb, which is built up of several 
storeys, is not imposing from its massiveness,—it is only а very 
tiny building; and it has none of the solemnity of a sarcophagus, 
which contained the dead, or of the interest of the shrine, which 
contained а saintly relic. The body lies in a grave beneath, 
and the interior of this sham sarcophagus or shrine is empty. 
In working drawing for one which I saw the other day die 
was this direction written on the section of the interior :—“ To 
be filled with rubbish ;" brickbats, I suppose, and Ғ ents of 
stone—a convenient way of getting rid of the mason's débris, 
and calculated, I think, to illustrate the inappropristeness of 
the kind of monument. 

Sometimes the high tomb is а copy of the Medieval altar 
tomb. In the prototype, I suppose, the body was contained 
within the tomb, аа for the soul were offered upon its 
top, so that it is doubly inappropriate for modern use. These 
objections to the high tomb may, however, be easily removed 
by not enclosing the space beneath the top, whether the top be 
flat or coped, 3.в., by mounting the top on columns, or by piercing 
the enclosing sides in panels, so as to show that it is only a 
monumental slab mounted on an architectural base. 

Since variety of + is a great desideratum, I will suggest 
one of these table tombs, with a square tester over it; there are 
some comparatively modern ones (seventeenth century) in Wales. 
Or, again, a table tomb, with a canopy over it; there are two in 
Aston churchyard, Cheshire, with effigies lying on the high 
tomb, which seem to have been sufficiently protected from the 
weather by the broad ogee canopy. 

Perhaps the greatest difficulty the designer has to contend 
with in getting monuments that shall look effective is, that the 
monuments are so crowded together in many of our churches 
and cemeteries, that they make the place look like & stonemason's 


yard, and the designs ruin one another. This crowded appear- 
ance is exaggerated by the unnecessary size of all our monu- 
ments—cofhn-stones on massive bases, head-stones three times 


ав high and broad as they should be, and other types of monu- 
ment on the same over-large scale. If Ше monuments were less 
we should get more greensward, which is what is wanted as a 
setting for the pieces of architecture. 

We may often obtain а broader foil of green, and а more 
complete isolation from neighbouring monuments, by judicious 
planting of shrubs and trees. А better effect for our own monu- 
ment, and for its neighbours also, may often be got by designing 
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the monument with reference to the place it has to occupy. If 
there are many head.stones about the place, а flat gravestone 
will have more individuality, and vice versa ; if the neighbour- 
hood is only too crowded already with both coffin-stones and head- 
stones, а slender head-cross may be relieved against their 
broader forms, or а short massive cross, like that at St. Buryan, 
will assert itself by its solidity, or a tall churchyard cross will 
make itself conspicuous. The best effect of all would be obtained 
if one-tenth of the people would erect monuments, and all the 
rest would be content with plain turfed grave-mounds. 

What do we want any other monument for? Partly as а 
lengthening out of the last sad offices of affection—a doing 
something more to show our love and regret; partly, I suppose, 
to ensure the grave from violation; partly to fitis 8 more 
permanent record of the place to which our visits of affection 
may from time to time be paid; partly it is to keep the memory 
of the lost one alive a little longer among men. 

To preserve the grave from violation ;—a very natural feeling, 
and yet, alas! how vain the attempt. Go into any village 
churchyard and look round you. the generations of 
inhabitants of that village, from its first Saxon settlers down 
throug 1,300 years to the fathers of the present generation, 
have been buried in that churchyard. How could you preserve 
their graves from what you call “ violation P" And, if you could, 
why should their graves be preserved from “ violation?" The 
passed away from the ficlds which they once tilled, and a fresh 
crop of spring corn is at this moment green upon them, sown by 
other hands. They passed away from the houses which they 
built, and others’ di dren are now cradled within the old walls. 
And so their dust was mingled with the earth of the church- 
yard, and successive generations have been laid over and over 
again in the same graves until their dust is indistinguishably 
commingled. You eannot preserve them from violation. 

But you want to mark permanently the place where your own 
dead lie, and to keep their memory alive among men. Well, it 
might be cynical to say that your own memory ought to be your 
own sufficient remembrance of your dead, and that you will 
strive in vain to make the orf. remember them unless they 
have themselves done something to be remembered for. At 
any rate, в gravestone will not serve the purpose very long. 

hat has become of all the old gravestonesP Іп pulling 
down old churches, to rebuild or repair them, we often find a 
churchyardful of them built up in the old walls, as at Bakewell, 
Doncaster, and Helpstone. And, depend upon it, ом” monu- 
ments wil no more remain inviolate than those did, and ma 
chance to be put to much viler uses. Why, if everybody s 
grave had been kept inviolate, and everybody's fiends had put 
up a stone monument to perpetuate his memory, there soon 
would not have been fields left for men to grow their corn and 
sture their cattle upon: the mountains would have been 
evelled for monuments, and the face of the whole earth would 
have been crowded with monumental lumber. Let us be 
satisfied to have our dust mingled, confused, lost, amidst the 
dust of our fellow men, there will be nothing wanting of us at 
the resurrection: let us be content to have our memories fade 
out of remembrance in the world, if only our names are written 


in the Book of Life. 
--- - 


INCRUSTATION IN MARINE BOILEBS* 
By P. JENSEN. 


Tae question of keeping marine boilers free from deposit ог incrus- 
tations has for many years been one of the most prominent before the 
profession ; in fact, ever since the first steamer entered sea-water, and it 
is still well worthy of our closest attention. It presents itself to us 
principally in three distinct forms, viz., safety against explosions, 
economy of fuel, and durability of the boiler itself. Allknow that ses- 
water causes incustration and corrosion when boiled in a olose vessel 
like a steam boiler. lt is not, however, intended to enter into the 
question of internal corrosion of marine boilers, though closely connected 
with the subject before us, for fear of extending the length of this paper ; 
but, we may, in passing, note the faot that internal eorrosion below the 
level of the water in a marine boiler does take place to some extent 
where the scale has been removed; but that otherwise this scale, во 
injurious when allowed to accumulate to any thickness, acts the part of 
a shield or protector to the plates of the boiler against the action of 
certain salts contained in sea-water, of which the muriate of magnesia 
is by far the most destructive, though, happily, the smallest in quantity. 
And here the author may be allowed to e attention of the meeting 
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toan excellent paper “ On the Wear and Tear of Boilers,"* read be- 
fore the Society of Arts, in 1865, by Mr. F. A. Paget, who treats 
the subject of corrosion of boilers very fully. In the ordinary practice 
of sea-going steamers witb common condensers the feed- water is drawn 
from the hotwell of the condenser and tbence forced into Ше БоПег at 
some point or points near the bottom, and at а temperature of about 
110 deg. Fah. The evaporation of steam leaves all, or sensibly all, 
saline or other extraneous matters contained in the water behind in tho 
boiler, and, unless some means were adopted against it, we sbould, of 
course, soon get the boiler choked with incrustation or deposit. The 
means proposed or adopted for this purpose are many and varied, as 
will be seen in tbe sequel ; but this much is certain, that any considerable 
thickness of scale allowed to accumulate renders the plates impervious to 
heat to а great extent, as this scale is a bad conductor. The heat 
generated in the furnace, heating the plate next to it, cannot readily 
enough penetrato as far ns the water, which, if in constant circulation, 
continually exposes fresh particles to the action of heat. ‘The consequence 


is the overheating of the plates, and this to auch an extent that holes ' 


may be burnt nearly through, leaving a sheet of iron the thickness of 
writing paper. That explosions do and must occur by thus weakening the 
plates or by rents thus formed is an established fact, and has for ycars 
formed the subject of many investigationa and different theories. But 
- even only partial explosions, caused by rents or collapse of internal 
p of the boiler, have proved dangerous by sealding those that 
ppened to be near at the time. The conducting powor of wrought 
iron decreases with the temperature, so that at 400 deg. Fah. it has 
little more than half that at 32 deg. Fah.; how it stands with stili 
her temperatures we do not know as yet. If, from some reason or 
other, such as the coating of the plate with incrustation, which has 
sixteen times less conducting power than iron, the plate with Из 
covering of crust should become heatod to above 340 deg. Fah., tben the 
water would exist on its surface in a spheroidal state, and thus only 
slowly, and by the forcible ejection of it by colder water, enable the heat 
contained in the plate to diffuse itself into the water; thus the plate 
would get hotter and hotter, and at last burn ог oxidise where next to 
the fire. It is thus that plates are burned nearly through оп account of 
incrustation. Important as is the question of the safety of the marine 
boiler against explosions, it cannot be denied that the economy of fuel, 


ав regards marino boilers, has at all times—being а mere question of 
pounds, shillings and pence—commanded, it is believed, as much attention 
ав the oonsideration of human lives. Witness the numerous patents, 


amounting to about one hundred and fifty, that have been taken out in 
this country for the prevention of incrustations and consequent loss in 
evaporative duty in marine boilers. Now this is not an oooasion for 
speaking about the patent laws, or entering into the dosirability of 
maintaining, altering, or abolishing the samo; but аз one argument in 
favour of maintaining them struck tho author while preparing this 
paper, which has a direct bearing on this and most other engincering 
questions, it would be worth while to hear what the opponents of the 
patent laws have to say against it. The question is aimply this, how 
and where should we find a complete record of the progress of en- 
gineering, inventive, and progresive talent but for tho record of the 
Patent-Office? In spite of all the nonsense that is patented, no doubt 
in sober earnest, still we find a vast amount of information in the 
specifications of patents. Would those that speak against patent laws 
like to do without the patent specifications? То return to the subject— 
it has been said above that the scale has 16 times less conducting power 
than iron, In an inguiry on incrustation of marine boilers by a 
Frenchman, M. Cousté (Annales des Mines, 1854), the following is 
stated :—That with marine boilers, starting quite clean inside, а Foss 
of 8 per cent. or 10 per cent. of the evaporative duty of the tuel takes 
place aftor the first few days’ work (a fact every marina engineer is aware 
of). At Bordeaux he found 15 рег cent., and at Havre, after some days’ 
constant work, he observed 40 per cent. In general practice, ho says, 
it has been estimated that 40 per cent. of the heat of the fuel is lost by 
internal incrustation or deposit. Но gives the following analysis of the 
inorustation of French ooean steamers : — 


Station. 


Free 
Maguesia. 
1гоо and 
Aluminium 


Hamburgh [deposit from 


the surface of boiler, 8520 2:25 5°05 eee 85 
шеу oryutailined] E 
iterranean tuba Я Я s P Е 
bole лотро ШЕСІ 234 7-68 4l 465 
iterranean amor- У T б " 
phous depli] ce ey 80-90 330 1035 6-50 458 


The water contained is believed to be mechanically present in the 
Е“ of the scale, and not chemically dissolved. Of course marine 


ilers are scaled as often as it can be done; but for long voyages it is 
often out of question. Starting with 201Ь, pressure in the boiler, and 
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clean fires, it is generally found that, on the second or third day, in spite 
of greater exertions of the stokers and harder firing, only 191b., or lees, 
can be kept constantly, and this loss in efficiency goes on at an increasing 
rate. In eight days’ constant steaming it has been found (in one 
instance) that, starting with 221b. pressure, the same was reduced to 
1616. at the end of tbe voyage, this, it is supposed, without at all forcing 
the firing. Take another instance, at random, the Persia log, from year 
1858, September 30th to October 9th, inclusive:—Total number of 
nautical miles travelled, 2,886; total quantity of coals consumed, 
1,402 tons. But whereas the consumption of ooala per hour per indicated 
horse power was 3-95 on 30th September (it left New York on the 29th), 
it had increased to 4-314 оп the 8th of October (Artizan, Мау, 1880). 
These few items illustrate sufficiently the well known fact that incrus- 
tation, even only as thick as paper, has avery great and perceptible 
influence, tending to counteract the economy of fuel, 

As to durability, marine boilers, with all care, on an ave only last 
five years; but this is chiefly owing to internal and exte corrosion, 
rendered more intense by the salts contained in sea-water, which, besides, 
promote galvanic action in various ways. This must be understood to 
apply to boilers properly nord that is to say, insnoh а way that 
only a very thin scale is allowed to be formed; for, as mentioned above, 
if thick scalc is formed anywhere in places exposed to the heat of the 
furnace or the escaping gases, this ciroumatanoe contributes directly to 
the burning away or oxidising of the plates, This fact, that marine 
boilers wear out во quickly, must, as far as can be seen at present, 
remain unaltered so long as salt water is employed, and, in spite of 
repeated trials, and more or less success in durior condensing, still we 
are far from the general introduction of surface condensation; and, con- 
sidering the vast number of marine engines in existence worked with 
common injection éondensers and salt water in the boilers, the importance 
of the subject under consideration is left intact. It is now proposed to 
give a general explanation of the action of sea-water as it obtains іп the 
marine boiler. The specifio gravity of sea-water varies according to 
different localities; and calling that of pure distilled water 1,000, the 
average specific gravity of sea-water, according to Faraday, is 1,027. 
For sea-water of the speciflo gravity of 1027-2, such as he used in bis 
experiments, one cubio foot weighs 641416 lb., or 1026:265 ов avoir» 
dupois, and contains of 


ox. 
Chloride of sodium, or common salt. en m ET .. wee 25708 
Muriste of magnesia ... m 25% ^ +. ave № - 39% 
Sulphate of magnesia . .. .. T0 9 re m 2213 
Buiphate of lime... sa anew ee S ие S. 1013 
Ы Total ... .. - one ... 31-309 

besides small quantities of other salts, but too minute to be of any 

consequence, 


Dr. Ure found the largest proportion of salt held in solntion, in the 
open sea, to be 38 parts of 1,000, and tbe smallest 32; the Red Sea, 
however, contains 43 parts іп 1,900; the Baltic contains 6:6; the Black 
Sea, 21; the Arctic Ocean, 28:5; tho British Channcl, 35°5; and the 
Mediterranean, 88. 

Тһе following table shows the boiling point and specific gravity of 
water of different densities at a barometric height of 30in. of Mercury : — 


Boiling Bpecifio 
Saltness point. gravity. 
Pure water . oe e.. m - 0 212 . 100 
Common salt water 050 me 2. e xy 2192 1-020 
2144 1063 
й 2155 1087 
2167 118 
. x 317-0 1145 
vr 2191 117% 
wr 2208 Las 
м 225 1333 
fy 2137 1-281 
3% 2933 1390 
$$ 2350 1319 
н 3361 1348 


The deposit of salt begins аба density of yy, and at 18 we have arrived 
at the point of saturation, or the point at which water is incapable of 
dissolving any more, According to M. Cousté, an imperial gallon of 
water is capable of holding in solution, at 60 deg. Fah., and at boiling 
point, viz., in the open air, the following weights, nearly :— 


At 60° Fab, At boiling paint. 
Carbonate of lime ...  .. .. Merely traces ... .. Merely traces. 
Silice ... Е 2. oon "E 70 grains oon ave ” 
bulphate of lime eA cee 170 , e tee » 
Carbeuate of magnesia... ew 3:25 ounces sen әз ” 
Sulphate of potessium — ... Rem eo ise. 40 ounces 
Chloride of sodium ... = oe S33 ,, iss Seg 80 n 
Chloride of magnesiam ..,,  .. 3268 , e 7. 580» 
Nitrate of lime ae .. eo 500 ,, жы олы 50 y 
Chloride of lime 205005 BO и Low unlimited. 


The order of decomposition in the boiler as the water becomes cone 
centrated is :— 

1st, carbonate of lime; 2nd, sulphate of lime; 3rd, the salts of iron 
and oxides, and some of those of magnesia; 4th, silica or alumina usually 
with more or less of organic matter; and sth, chloride of sodium or 
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common salt. Now it is well known that sulphate of lime із the worat 
ot all the salta in a marine boiler. We have seen that 44, or 37 in 100, 
is the point of saturation for common salt, but in the case of sea-water 
which contains other salts besides, 36 parts in 100 saturate at 226 deg., 
and 30 in a hundred at 228 deg. Now, taking 201b. pressure, which is 
the most prevailing now, this with a saturation of yy to a rise of 1:2 
deg. per 10; according to Professor Rankine, corresponds to а temperature 
of say 262-9 deg. Fah. How much salt can be held in solution at that 
temperature is not known to the author; but it is well known that the 
quantity decreases with increased temperature, and this is the reason of 
our not having yet arrived much beyond 20lb. pressure in marine 
boilers working with salt water. In marine boilers we have chiefly to 
do with sulphate of lime, the proportion of the same so largely pre- 
ponderating in the inorustation on analysis. Ав to carbonate of lime, 
this enemy to boilera is fortunately not a constituent of salt water, 
except in the Mediterranean, which contains a truce of it (001 in 100 


parts). 

ДЫ әмме of lime forms deposits at all temperatures and all densities, 
Salt, on the contrary, forms depesits, ая we have seen in the foregoing, 
not to any extent except when in the quantity of зи or ұу, the quantity 
of the same required for saturation decreasing with increased tempera- 
ture, and the amount of deposit that will take place long before the 
point of saturation having been arrived at, increasing with increased 
temperature or pressure. Sulphate of lime will deposit at any tempera- 
ture; but it во happens that increase of temperature also increases the 
amount of deposit of tliis salt, for, according to М. Cousté, the solubility 
of sulphate of lime at different temperatures is as follows. Тһе tahle 
indicates the solubility for different temperatures, as well as dei of 

р 


concentration at which the saturation of sulphate of lime takes place :— 
Solability or 
Degrees of areo- Temperature. Total proportion of sul- 
meter corre- pressure in phate of lime 
sponding со the atmo- in 100 parta of 
saturation. spheres. water 
Fab. Сей. at saturation. 
13 2174 10300 1 "500 
13 215-54 103-80 1 "477 
1 221727 105:15 1 *433 
1o 22748 108-60 1} “395 
9 2313 1100 13 1865 
8 28576 113-26 1} “310 
7 240-44 115-80 1 "277 
6 2453 11850 1 “226 
5 250 121.20 1 7183 
4 2652 184-00 -3 BLU 
3 261-68 127-60 2 "097 
2 130-00 24 1060 
1 27144 133-30 2 "023 


Now this table, and that of the amount of salt which can be held іп 
solution at high pressure, say 201b.— a table, the author believes not to 
be found anywhere—would give us, as near as possible the quantity of 
water that ought to be blown out of a boiler to prevent, Ist, aceumu- 
lation of ohloride of sodium, and, 2nd, the deposition of sulphate of lime 
in any quantity injurious to the boiler in any high degree. True, there 
is one way of getting over the difficulty, viz., working with a lower 
pressure, but this is out of the question for several reasons, and we must 
hence use experience and experiments asour guide. From the foregoing 
it will be elear that every pressure requires a different treatment and а 
different amount of water to be blown off. If we blow off more than is 
necessary to prevent accumulation of salt in the boiler, we have to pump 
a ter quantity of feed-water in, and consequently a great amount of 
sulphate of lime in solution, which will be deposited as a hard, tenacious 

e. On the other hand, if we blow off too little, we will certainly get 
Тева sulphate of lime, but the accumulation of common salt will ulti- 
mately choke the passages in the boiler. This mazim, though true in 
theory, is modified in practice because of disturbing elements, viz., the 
more or less rapid circulation of the water. To strike the just balance 
it is, as before said, necessary to be guided by experience. It seems 
that ignorance has prevailed in high quarters till very late years because 
of want of data. Thus, we find that Mr. James Napier read а paper, 
іп 1859, before the Institution of Engineers of Scotland, in which he 
recommended the use of a much larger regenerator (a sort of tubular 
feed-water heater, the heat of the brine blown off being made use of for 
that purpose), and blowing off to a greater extent than generally used. 
He tried the experiment himself, and gave the results in a paper, read 
February 17th, 1854, before the same institution, Есг the screw steamer 
Lanoefield, trading regularly between Glasgow and the Hebrides, he 
made a regenerator of ten times the usual surface, and blew off to such ап 
extent as to keep the density of the water in the boiler at very nearly 
the same point as the water in the sea. After four weeks’ running, the 
boiler was examinod, and instead of ite being clean and free from scale, 
he found, to his surprise, it was coated with a much thicker scale 
than under usual circumstances, but soft, like newly made mortar, but 
it dried and hardened before he could get it all out, and it was then 
nearly аз difficult to scrapo as the ordinary hard scale. On one voyage, 
when he was present himself, he gave the boiler as much feed as the 
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pump would do, and he observed then that tho water in the gauge glass 
was muddy. He continued the experiment for six months, but with 
lesser quantities of feed, and blew off till the tubes of the regenerator 
gave way, and then he discontinued. Не saw then M. Cousté’s paper, 
and the table contained in the same, which shows that at two atmos- 
рһегев pressure sea- water becomes saturated with sulphate of lime even 
at the ordinary density, and as he loaded to 401b., and generally worked 
at 301Ъ., he saw at once the explanation of the phenomena. Although 
he blew off constantly from the aurface by a conical tnbe, only some of 
the deposit of precipitate matter could be got rid of, This tallies exactly 
with the experience of some others. Some steamers in the American 
navy work with about or nearly 301, pressure and salt water, hut it is 
believed not with our ordinary tubular boiler, but with long cylindrical 
boilers, having large round tubes and very ample water way. In the 
discussion following, Mr. Elder said he had worked marine boilers 
with 30lb. to 35lb. and salt water. One naturally expected to find 
most deposit in that section of tbe boiler which contained most salt and 
and lime, but in a beiler divided into eighteen parta (supposed to refer to 
his spiral flue high-pressure boiler), he found that though in the last 
section there was two-and-a-half times more salt in tbe water than in 
that of the first section, yet the deposit of lime was about equal in all 
parts. He concluded that the amount of deposit of lime deponded on 
the temperature of the water, and not on the quantity of lime in it. 
The Americans, he said, ran with 4015. pressure, and did not appear to 
suffer from deposit, but they cleaned the boiler whenever (Беу came into 
ort. He found the deposit to be greatest where there was no current. 
e had observed boilers running with 45lb. for three or four months, 
and there was not much more deposit than when working with 25lb. He 
believed that there was a greater tendency for the lime to separate and 
deposit, hut it did not necessarily settle down on the heating surface of 
the boiler. j 
The Mechanics’ Magazine, in an article on Incrustation in Marine 
Boilers, February 24th, 1860, mentions Mr. James В. Napier’s paper, 
and assumes, for want of better data, 28 parts of sulphate of lime to 
1,000 of solution as the limit of saturation in boilers working at a pres- 
sure not exceeding 201Ь., and finds that, with this assumption, half the 
water must be discharged to keep the boiler clean, and this is affirmed 
by the practice of the British and North American Mail Company and 
others, Mr. Thomaa Rowan found that when he had evaporated 


#5 of the water a trace of sulphate of lime deposited 
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and salt began to form. It is probable, therefore, that half or more of 
the water would havo to be hlown off in order to prevent formation of 
crust. This means that the density of the water should be kept at з, 
for as sea water contains ух in its pure state, it is evident that half the 
water must be blown off to keep it at double its natural density. It 
may here be remarked that a density of а is very generally kept in 
marine boilers, using about 20lb. pressure of steam, and if this be 
constantly and carefully attended to, no considerable or deleterious 
thickness of scale accumulates, at least in places where the circulation is 
good. 

We come now to a brief survey of the vurious means proposed or 
adopted for preventing incrustation. They consist in 

1. Surface condensers. 

2. By heating the fecd-water to such a temperature before entering 
the boiler, so as to oblige the sulphate of lime and other salts to accu- 
mulate in the heater only. 

3. By introducing various substances into the feed-water before 
entering the boiler, the feed-water at the same time being subjected to 
heat so as to throw down the salts without allowing the same to enter 
the boiler. 

4. By introducing various substances into the boiler во as to neutralise 
the effect of the salts, and 

6. By blowing off in the usual or various other ways. 

1. Surface condensers: This seems at once to do away with the 
nuisance; the eoonomy anticipated has not, however, been quite realised 
in practice; it has been found ne to inject a little salt water 
along with the distilled water from the condenser, and the duration of 
the boiler has been found in many cases to be even shorter than with 
salt water, on the reasons for whioh it is not thought necessary to enter 
into here. 

2. Heating the feed-water before entering the boiler to suoh а degree 
that the salts are supposed to be thrown down into the heatér instead 
of the boiler. This looks very feasible, but after all it amounts to 
shifting an evil from one place to another; letthe heater be choked with 
salt and incrustation, and the engineer in charge has his hands as full as 
ever. To be admissible on board ship it must be compact, and at the 
same time accessible for thorough acaling, two conditions not very easily 
reconciled. The most Дик ‘shape is that of а casing with a number 
of disbes or shelves piled on the top of each other, which can be taken 
out and replaced by clean ones іп а short space of time. This plan has 
been patented by Mr. Spencer, No. 896, and in 1864, No. 86, by 
М. E. Martin, a French civil engineer. It is possible that this idea, by no 
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means novel, possesses practical value, and at some future time шау 
prove succesaful. 

8. The plan of medicating the feed-water in a heater before it is 
admitted to the boiler, feasible and correct in principle as it appears, 
resolves itself, however, into a commercial question, and is ‘contingent 
upon the price and bulk, and other qualities of the substances proposed 
to be died for neutralising the salts contained in the feed-water. Many 
substances have been proposed for this purpose, some evidently not of a 
harmless character as the iron plates of the heater, some evi- 
dently во expensive as to be out of question, and only опе or two of a 
really feasible character. Thie latter class will be treated under the 
next head. 

(То be continurd.) 


--- --%---- 
IMPROVEMENTS IN PARIS. 


Тнанв is no diminution in the work of demolition and reconstruction 
which has now for several years proceeded with such unprecedented 
rapidity, and which seem destined in the end to obliterate nearly all the 
old landmarks of the city of Paris. The alterations which are being 
made in the neighbourhood of the Chemp de Mars are, with a view to 
the coming Great Exhibition, being pursued with more than ordinary 
vigour; the excavation of the heights of the Trocadero for the new Place 
of the King of Rome, so named from the fact that it was on that spot that 
Napoleon proposed to erect a palace for his son, the young “ King of 
Rome,” are being carried on by night as well as by day. Thousands of 
cubic yards аге being carried by rail across the Seine to the Champs de 
Mars every day. It is at night that the sappers fire the mines which 
are gradually reducing the heights of the Trocadero to masses of rubbish. 
The earthworks аге completed in parte, and the ground is being levelled 
for the grand esplanade of the Place du Roi de Rome. This esplanade 
will be upwards of 1,600 feet in length by about 800 in width, and there 
will be eight wide boulevards or avenues, in addition to the bridge of 
Jena, leading from it to various parts of Paris and Passy. 

An interesting discovery was made the other day in tbe old island of 
the Cité, in the demolitions now going forward on the site of the new 
building for the hospital of the Hôtel Dieu. An enormous oak beam, 
more than fifty inches square, was found in one of the oldest houses; it 
was but little Worm-caten or decayed, and on one of its faces was found 
the following inscription, in rude but perfectly legible characters :— I 
was placed here in the Ди 1450, and I was 800 years old when I was 
taken out of the forest of Rovray." ТЕ this description is authentic, and 
the age of the tree were not overestimated, the tree from which this 
gigantio piece of oak was cut must have been almost contemporary with 
Charlemagne, and the wood must now be more than a 1,000 years old. 
One of the most remarkable instances of reconstruction now under hand 
is that of the corner of the Palace of the Tuileries nearest the river, 
called the Pavilion of Flora, and the long gallery which conneots it 
with the Louvre. The pavilion, finished as regards the main work, is 
now in the hands of the sculptors and decorators, and begins to present 
& very imposing aspect, The upper part of the pavilion has two very 
important decorations; on the western face an ornamental fronton, sur- 
mounted by a colossal group of three figures, representing War, and, on 
the southern face, another group of the same dimensions, illustrative of 
Peace and Agrioulture; the former of these beautiful frontons із by M. 
Cavelier, and the latter by M. Салем two of the most eminent 
sculptors in France. The wing, which will include, in that part nearest 
a е pavilion, 

peror and the members of the two chambers; in the other portion, 
the extreme end of the great gallery of the Louvre, which has been 
demolished, and, below, a series of fine arcades giving access to the 
Placo de Carrousel, is not so far advanced as the pavilion. 
а very extensive work, and consists of nine parts, each crowned with 
ita pediment, and the style is in accord with the beautiful gallery of 
which it is a continuation. It is, moreover, the most elaborately 
decorated work which has been undertaken in Paris for many years; 
the whole of the upper à 


Walter; and Sculpture, by M. Perray. The roof is pierced by two 
rows of Bighly decorated dormer irm and otherwise ornamented. 
The inner side of the wing is of the Ionio order, after the model of the 
^entral in of the palace, by Philibert Delorme. The frieze is 
decora ith subjects representing commerce, war, music, and the 
chase. The first floor is Corinthian, the capitals of the pilasters bearing 
гате heads ; between the windows are niches for statues, and over them 
№ series of medallions of Boman emperors and poeta, The attic story is 
similar to that of Philibert Delorme. The ornamentation of this portion 
is exceedingly rich; near each window is a seated fi , corresponding 
with the subject of the fronton above, executed in bas-relief, and sur- 
rounded by ls, and above these are groups of animals by the вошр- 
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tors Delabriére, Cani and Fremiet—two lynxes chained, and a Minerva ; 
two dogs and a globe sprinkled with bees, and crowned with an imperial 
diadem ; two hounds and a woman's head, with branches of oak and 
laurel; two otter hounds attached to a в head; two panthers chained 
to a vase filled with grapes. The first fronton representing Diana the 
buntress, is by М. Merley, and beneath it are two figures of huntsmen, 
with implements of the chase. The second fronton is devoted to glory, 
and is from the chisel of M. Gnmery; beneath is a man with a tndent, 
and а Roman warrior, holding a javelin and а small shield with a lion's 
head, The subject of the third fronton is the rape of Europa, by M. 
Demesmay, with res of a German warrior and a Roman soldier 
beneath. The fo fronton is decorated with a group entitled History, 
by M. Francescbi, with figures of a soldier and a sculptor below. The 
fifth represents a Dryad, by M. Delaplanche, and beneath are Neptune 
and a youth, representing a river. On the sixth fronton will be а figure 
of Venus, hy M. Vitani, with Tritons blowing trumpets. The seventh 
represents Power, by M. Thomas, with figures of Hercules and Samson. 
On the eighth M. Perrault is to execute а Victory, with warriors below. 
The ninth and last fronton, which projects beyond the rest, are to be 
Cnpid, by M. Soitoux, with figures of a woodman and an artist. On 
the entering angle, between the eighth and ninth frontous, will be 
two figures, Apollo holding a lyre and a laurel crown, and Paris with 
orook and apple of discord. The whole of the pediments are connected 
by a balustrade, on which аге vases decorated with шазив of fauns, and 
crowned with flames. The roof on this side has a double range of 
windows, ornamented with rame’ heads and garlands of flowers, the 
whole being exeouted in that rich lead repoussé work, which bas lately 
been revived with such admirable effect. In this mechanical age too 
much encouragement cannot be given to works of this class, which form 
the strongest link between the artist and the ouerter. The Louvre, the 
the Tuileries, the Hotel de Ville, and other buildings, present much 
deserving of study in this kind of work. Before the summer is over the 
whole of the newly-constructed portion of the two palaces will be com- 
pleted, at least as regards the interior, and the grand river front will 
then present a consistent whole, the beautiful work of the sixteenth 
century being no longer brought into comparison with the heavy inartistio 
building of the eighteenth century. 


—— 


LOCKS AND KEYS. 


Ata recent meeting of the Institution of Mechanioal Engineers, а 
description of а new construction of lock and key was oommunieated 
by Mr. J. B. Fenby, of Birmingham. The writer pointed out that in 
all previous locks there had Ъесп two important defects in principle, 
which are fatal to their security —the first being that, although access to 
the works of the lock is greatly impeded by many ingenious contrivances, 
they still admit of the works being got at through the keyhole, and thus 
allow of a series of attempts being made to pick the lock; while the 
second defect is the possibility afforded for repeating the trial of a false 
key, and thus perfecting it by successive alterations after trial. In the 
new look described in the paper, which is the invention of the writer, 
the principle is adopted of dividing the key into two parts, the bit or 
portion by which the levers of the lock are raised being separate from 
the stem .ог handle of the key. For unlocking the lock the bit is 
inserted through a second keyhole into a radial slot contained in а solid 
rotating cylinder, the cylinder being then turned round by the stem of 
the key acting in the centre keyhole; the bit while being carried round 
Тв ulgo pushed outwards along the radial slot by means of a cam, and is 
thus made to protrude from the circumference of the oylinder sufliciently 
to act upon the levers of the lock, and thereby set the bolt at liberty to 
be withdrawn. The bit is then pushed out of the radial slot, and dro 
into a receptacle inside the door: and the further revolution of 
eylinder withdraws the bolt, and unlocks the door. The consequence of 

is mode of construction is that, as soon as the bit has been inserted 
in the lock and the cylinder turned round for unlocking, the radial slos 
in the cylinder is carried away from the keyhole, whioh is completely 
closed by the solid cylinder, whereby all access to the interior of the 
lock through this opening is effectuelly prevented, nor can anything be 

into the lock in this way except a detached bit of metal not larger 
than tho bit by which the lock is opened. The centre keyhole, into 
which the stem of the key is inserted fer turning tbe cylinder, is sim 
a blind socket with parallel sides, and without any oommunication with 
the interior of the lock. The only possibility of opening the lock by 
fraudulent means lies, therefore, іп the use of a counterfeit bit intro- 
duced into Ше lock in place of the true bit; hut this counterfeit is 
absolutely lost to the operator and retained inside the safe at the very 
first trial, во that he is not only limited toa single attempt, but from 
the attempt itself no clue whatever is obtained as to the nature of the 
defect in the counterfeit. In oonsequence of the levers not being 
accessible for feeling through the keyhole, and therefore not requiring 
to be all shaped to the same average curve at the portion acted upon by 
the key, each lever can be shaped to its own proper curve, and the pla: 
іп the action of the levers is thus reduced to a minimum; hence a пу 
slighter amount of error in the counterfeit than is admissible in the case 
of previous locks will prevent its opening this lock. The im се 
of these advantages in the principle of tho new lock is illustrated by the 
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celebrated bullion robbery on the South-Eastern Railway some years 
ago, which attracted special attention from the remarkable skill with 
which it was accomplished and the large value of the property stolen; 
but even in this case success was not attained until as many as seven 
trials bad been made with the same falso key, the latter being altered 
after esch trial according to the indications obtained from the trial, until 
it was at last sufficiently perfected to be capable of opening the lock of 
the bullion safe. In that instance also the successive trials were made 
without leaving any indication behind tbat the lock had been fraudulentl 

attempted, although it was fitted with detector contrivances for this 
special purpose; but in the present lock the false bit, being retained 
inside the safe, is found when next the safe is opened, and furnishes 
proof of the fraudulent attempt having been made, as well as 
showing how near the counterfeit key haa approached to the original. 
The locks are made with six levers, and the corresponding steps in the 
bit are cut with the greatest accuracy by a machine specially contrived 
by tbe writer for that purpose, with a permutating arrangement, Батор 
an extent of permutation admitting of each lock differing from every 
other lock made. For locking the lock, the stem only of the key is 
required, as the bolt is shot simply by turning the cylinder; and as the 
keyhole for the stem is made with a notch cut out on one side only, 
while the cylinder is not permitted to make a complete revolution, the 
key stem cannot be taken out of the lock whilst it remains unlocked, 
This lock has an important advantage in simplicity as well as solidity of 
construction, as there are no more than sixteen separate pieces altogether 
in the complete lock ; moreover, as both keyholes are simply blind holes 
with parsllelsides, having no oommunication with the interior of the 
lock, they do not admit of injury to the lock by the explosion of gun- 
powder. Specimens were exhibited of the new lock, the action of which 
was shown both with the true key and with counterfeit keys; and it 
wes shown by trial that the counterfeit failed to open the lock not- 
withstanding that, by means of the permutating cutting machine, it 
had made а much nearer approach to a perfect copy than was practic- 
able in the best handwork from a wax impression. The key-cutting 
machine, for outting the bits, was also exhibited, having been lent 
fr the purpose by Messrs. Whitfield, of Birmingham, the makers of 

е locks, 


--ф--- 
INDIAN RAILWAYS IN 1865. 


SUFFICIENT time has now elapsed since the Government first 
gare its aid to the establishment of railways throughout our 

dian Empire, to furnish data as to the expense of the lines 
when com eie and the probable profit ani loss of the under- 
takings. m a multitude of sources, from the Government 
report of Mr. Juland Danvers, from figures published in India, 
from the writings of Mr. W. P. Andrew, chairman of the Scinde 
Railway Company, from the survey of the Euphrates Valley, by 
Major General Cheer, and from other authorities, a mass of 
statistics is herc given of the present position of railways in India, 
and the probability of the future union of that system with the 
lines of Europe. | 

At Midsummer, 1865, the number of miles of railway opened 
for traffic in India was 3,186}, and the lengt}: remaining to be 
finished, 1,730}, making a total of 4,916} miles, consequently 
about two-thirds of the lines sanctioned by Government are 
finished. Of the ten Indian railways and their branches, the 
following number of miles are open for trafic :— East Indian,1,126; 
Great Indian Peninsula, 6953; Madras, 571; Bombay, Baroda, 
and Central India, 306; Scinde, 114; Punjab, 253 Punjab, 
Delhi, none; Eastern Bengal, 114; Great Southern, 79; Calcutta 
and South-Eastern, 29; total, 3,186}. 

The miles of the sanctioned lines yet to be finished and opened 
are :—East Indian, 3703; Great Indian Peninsula, 6702: Madras, 
281; Bombay, Baroda, and Central India, 6; Scinde, none; 
Punjab, попе; Punjab, Delhi, 320; Eastern Bengal, none; Great 
inm 82; Calcutta and South-Eastern, none; total, 
1,7304. 

Неге it will be seen that Bombay and Culcutta are not yet 
united, 6702 miles of the Great Indian Peninsula Railway hav- 
ing to be finished before the English mails find a quicker route 
than going all round India. This link is not likely to be com- 

leted before 1870. There is another between Bombay and 
dras, that being the route by which the inhabitants of Bom- 
bay wish the mails for Australia and China to be carried. To 
the extreme west is seen the portion of the coast of Beloochistan, 
recently explored by Lieut.-Colonel Pelly, a portion of the un- 
known district through which it is hoped a railway will run to 
Europe, vid the Euphrates Valley, and Marke in y 

With very littlo exception, the whole of the lines in India, 

finished and unfinished, are single, and the trains travel at a 
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very slow rate of speed. On the East Indian there are 67 miles 
double, and on the Great Indian Peninsula 57, making s total of 
124 miles. Besides this, the doubling of 42 miles more, on the 
latter railway has recently been sanctioned; all the rest, finished 
and unfinished, are single lines. Іп 1863, the number of miles 
open for traffic was 2,519, and on these open lines 194 accidents 
occurred in that year, 112 of them being fatal. This is а very 
high rate, the number of passengers in the twelve months being 
10,706,030, but only жанып of the number were killed by 
causes beyond their control. Of these eighteen, eight were pas- 
sengers, and ten servants of the railway. Three of the eight 
were killed by в train being thrown off the rails by a stra 
buffalo, two lost their lives by в train getting off the line thro 
negligence, and the others were purely accidental. In А 
шала Danvers's report, one of the deaths is described as caused 
by “ the bite of a tiger,” which, without explanation, appears & 
strange railway accident; and another fatal case was that of a 


passenger who jumped out of а train while it was on fire. 
The following is a summary of the rolling stock employed on 
all the Indian railways, up to the end of the year 18 


— 
3 


East Indian аг — ose s зп 518 
Great Indian Peninsular ... sie ove 118 370 
Boobay, Ba d Central india ne '' “Та | is 
omba; an ntrel India ... .. 
Sone лан s хя „ря 6 
Punjab - - se wee 8 36 
Esatern Bengal 5% y Е Se 20 10% 
Great Southern ... a m .. п 83 
Calcutta and South Eastern — ... m ase 6 a 
Total РА .. ... 


The capital expended for rolling stock since the first 
Indian line was commenced, up to the lst of Мау, 1865, waa 
£54,942,029, the expenditure during the past year only bei 
£3,806,044, of which about £2,418,345 was spent in Indis, ind 
£1,387,699 in England. To meet this expenditure, 96,538 
shareholders subscribed up to the 31st of December, 1864, 
£58,000,000. Of these shareholders 29,308 were registered in 
England, and 777 in India, 393 only of the whole being natives. 
Hence it is evident that residents in England consider Indian 
railways a good and safe investment for capital. The number of 
debenture-holders at the end of 1864 was 6,453. Тһе rate at 
which capital has been expended upon Indian railways during 
the past fifteen years is shown by the following figures:—In 
1850, £175,156; 1851, £361,323; 1852, £427,560; 1853, £670,649 ; 
1854, £1,729,588; 1856, £3,371,005; 1856, £3,517,907 ; 1857, 
£3,417,268; 1858, £5,491,125; 1850, £7,162,872; 1860, 
£7,589,770; 1861, £6,558,614; 1862, £5,810,852; 1868, 
£4,771,775; and 1864, 3,806,044. Тһе total loss to Govern- 
ment during the year 1864, after allowing for the profit gained 
Әу the lines at work, was £180,000. “ But," says Ше Govern- 
ment Director of Indian railways, “each year this loss will 
diminish, and when the revenue receipts become larger than the 
capital expenditure in India, which will soon be the case, the 
бе of gain, which has hitherto always been on the side of 
the railway companies, will be on the side of the Government.” 
It is not difficult to suppose such will be the case, seeing that as 
yet great gaps in the most important through routes stop large 
streams of traffic. 

Here is one great fact. Indian railways have been free from 
parliamentary contests, consequently the cost per mile of Indian 
тимар (if completed according to estimate) will be as follows, 
notwithstanding the expense of transporting men and materials 
from India :— Каз Indian, £20,849; Bombay, Baroda, and Cen- 
tral India, £19,230; Delhi, £18,750 ; Scinde, £17,543; Eastern 
Bengal, £15,789; East Indian (Jubbulpore), £15,556; Great 
Indian Peninsula, £12,046 ; Madras (№ Ww. line), £12,500 ; Pun- 
jab, £11,857 ; Madras (S.W. line), £11,178; and Great Southern, 
£9,316. The тогава cost per mile of English railways, inolud- 
ing purchase of land, is £33,350. Although, then, the average 
cost of English railways is comparatively low, there has yet 
been plenty of extravagance on the part of some of them, aa 
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shown by the following table, which is pres in the Times, of 
India, в local authority interested in the fa 


cts :— 


Percen Percentage 
onjwhich po which the rail- 


Percentage 

Forces tage of javet age cost ой gross receipts} ways зе 

Railways. я er fn open Baer pay if 

receipts. their ross 

ny | Bas pet week 
East Indian .. 552 2-4 27 в 
Great Indian Peninsula 70-9 22 38 10 
Bombay and В - Ші 1% 16 65 
; een Қ И 23 104 
Eastern Bengal ... 53:8 23 25 8 
de .. 93.1 33 24 7 
jab 72.2 9 re 104 
Great Bouthern 49-8 1-8 18 133 


The excessive ratio of working expenses of the Great Indian 


Peninsula Railway in the above table is owing pue ur to the 
compensation Ті during 1864 for cotton destroyed by fire or 
detained at the Thull 


в haut. There аге such discrepancies, 
however, in the other figures, that special investigation as to 
this matter of working expenses seems necessary. The East 
Indian, especially, has an expensive establishment, much more 
than residents deem necessary for the efficient working of the 
line, which has & series of d magnificent stations. Officials 
in India should be highly paid, and we are not advocates for 
shabby stations; still this, and perhaps other companies, seem 
to have gone beyond the fair medium. 

The fares on the Indian railways vary as follows :— First class, 
from 144. per mile on the Scinde Қалғаны 139. onthe Bombay 
and Baroda. Second class, from §d. on the Madras Railway to 
14. on the Great Indian Peninsula, and several others. Third 
class, from 4d. to 29., half the lines chargi g the one amount 
and half the other. There is a fourth class at 39. per mile on 
the East Indian, Eastern Bengal, and Calcutta and South- 
Eastern Railways. 

The following shows the amount of guaranteed interest paid 
by Government during 1864, as well as the total amount paid 
since the first railway in India was commenced :— 


Interest paid ар Total to 

Railways to December 31, December 31, 
1583. 1884. 

ё е. 4. 4. 2 г. а. 
Rast Indian - " 5,200,109 1 3 7 | 6,257,553 0 9 
Great Indian Peninsuls 2,285,770 10 0 7 | 3,652,261 15 7 
я ... 1,480,197 8 1 9 | 1,836,482 7 10 
Boinde 2... „336 7 8 4| 430798 19 1 
Punjab ‘ees 555 229,448 5 5 3 | 823,433 1 8 
Delhi ae -. .. ds 37,986 2 1l 3 90,260 17 3 
Indus Steam Flotilla ДЕ ,080 8 9 5 84,724 15 2 
Bombay, Baroda &Centrl.Indis| 593,253 15 11 6| 81200015 5 
tern Ве: e ..| 207,774 7 1 000 0 0| 277,774 7 1 
Caloutts and South Eastern . 55,806 19 8 п 75,618 13 4 
Great Southern ... m е5. 91,047 0 7 29,529 130,578 7 7 


Total ... +» {19,682,795 3 1 | 2,567,743 14 7 |13,100,598 17 8 


Of the above total paid by the Government during 1864, 
£2,533,381 19s. 3d. was paid in England, and £34,361 15s. 4d. 
in India. Of the total amount paid font the first up to the end 
of 1864 by the Government, in the shape of guaranteed interest, 
£3,300,000 bas been paid back by the earnings of the railway 
companies. When the traffic on the railways yields a profit of 
more than 6 per cent., the Government payment of interest, of 
course, will cease, and half the surplus over 5 per cent. will go 
to the railway companies, the other Ба Чо the Бана f 
the shareholders receiving the guaranteed interest, more than 
half hold less than £1,000 stock, and, as already stated, nearly 
all reside in England. These shareholders appear to have as 
much confidence in the Indian railways as in the funds, and there 
is neverany lackof applicants for moreshares when any areissued. 

The above, in a compact form, aves all the principal points of 
interest respecting the railways of our Indian empire, up to and 
in some instances later than December 31st, 1864. 

Of the railway servants employed, only about one in twenty 
is not a native, and the natives only reeeive one-third or one- 
fourth the salary of Europeans, the latter bein required to 
occupy the position of responsibility and places where skill and 
nerve is wanted. The natives make very good clerks and station- 
masters, but are useless as engine-drivers and pointsmen. 

As regards the health of 5% European officials during the 
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st year, twenty-two died and seventeen retired through ill- 
ealth. Of the deaths, eleven took place on the East Indian 
line, five on the Great Indian Peninsula, two on the Madras, 
one on the Bombay and Baroda, two on the Punjab, and one on 
the Calcutta and South-Eastern. The average number for the 
four previous years was thirty-five per annum, so the mortality 
last year had decreased. The mortality among those who go 
out to India averages rather less than one per cent. per annum, 
but many are prevented from leaving England by the examining 
hysician refusing to pass them. Mr. William Brinton, M.D., 
PRs. is the gentleman who examines most of the candidates 
for the Indian railway service, and he says that he has been 
obliged to reject one out of every five during the past year. 
This proportion must be regarded as a large one, especially on 
consideration that a large number of the candidates had рге- 
viously undergone в medical examination before и. on 
the English railways. Many so employed in England show 
symptoms of premature decay to such an extent that no good 
Toodon insurance office would accept them as first-class lives. 
Workers in metal, and those continually engaged in piece-work, 
exhibit these lessons or tendencies most, and it unfits them to 
resist the change of climate or to withstand hard work beneath 
the burning sun of India. Dr. Brinton states in proof of this 
assertion that the average age of the persons examined is thirty, 
and the average аре of thee rejected is from thirty-three years 
to thirty-five years. Railway officials'in India are liable to a 
heavier rate of mortality than recruits despatched there for 
military purposes, unless the latter be on active service. The 
surveying and construction of railroads expose the engineers 
and others to trying ordeals, and to the heat of the noontide 
sun, and to the malaria of the marshes and jungles. At the foot 
of some of the Indian mountain ranges, more бересі? the 
Himalayas, a belt of marshy forest ground is often found, where 
even the native cannot live; yet, wherever the railway goes, 
there must the officials go also. Dr. Brinton states that the 
enforced idleness of the overland journey, and the very sudden 
change of climate by that route, is more trying and САЩ deer 
to European constitutions than Ше old route round the Cape of 
Good Hope. He recommends the latter whenever it is possible 
to choose it. Those officials passed by him are, as a body, ге- 
markable for their vigour and Ван before leaving oy Қалы 
The difficulties overcome by the engineers within the last year 
or two, to bring about the grand results that have сао ош 
attention, have been noticed from time to time ір this journal. 
The Bhore and Thull Ghaut inclines, on the Great Indian Penin- 
sula Railway, have broken through the great mountain range 
into the cotton districts of Central India. The Bhore Ghaut 
incline rises more than 1,000 feet ina little over six miles, in the 
midst of the grandest mountain scenery, and the Thull Ghant 
has an incline of 1,000 feet in ten miles, the steepest gradient 
being 1 in 87 for 4 miles 30 chains, and the sharpest curve 
17 chains radius for a length of 33 chains. There are thirteen 
tunnels of an aggregate length of 2,652 yards, and viaducts to 
the extent of 741 yards, one of 250 yards being 200 feet high. 
The cost of this incline was £50,000 per mile. The cyclone, 
which did so much damage at Calcutta about a year ago, spent 
some of its fury on the railway termini there, the East Indian 
sustaining damage to the amount of £9,615, the Eastern 
Bengal £12,600, and the Calcutta and South-Eastern 
£1,730; total £23,245. Such were the effects of the great 
hurricane, which is supposed to have originated at the 
Andaman Islands, а nest of storms, and a place where two 
troop-ships, according to Dr. Mouat, were once blown clean out 
of the sea into the jungle. In the storm now under notice, not 
only were stations and sheda swept away, but an engine and part 
of а train on the Eastern Bengal! Railway blown over. Оп the 
western side of India the monsoon, in the middle of the year, is 
stated by Mr. Juland Danvers to have caused much y 
its floods. On the 27th of June the embankments of a culvert 
were washed away on the Great Indian Peninsula Railway, and 
on the following lay a viaduct of 12 spans of 308, iron girders 
was destroyed. A night train passing shortly afterwards ran 
into the gap, and fourteen native passengers were unfortunately 
killed on the spot. Six spans of the great bridge over the Ner- 
budda river were swept away by the floods, and the traffic of 
the Bombay and Baroda Railway had all to be carried across 
the water here in boats for several months, the arduous and dan- 
gerous task of superintending the transit from side to side falling 
upon Mr. Frederick Potter, late of the South Wales Railway. 
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_ The quantity of materials sent out іп, 1854 for the construc- 
tion, maintenance, and working of railways in India, amounted 
to 102,318 tons, in 233 ships. e value of the goods shipped 
was #1,018,164, and the amount paid for freight and insurance, 
£164,528. 

_ The rate for first-class passengers on the East India Railwa 
is 234. per mile, for second-class 144., and for third-class #4. 
The first-class fare from Caleutta to Delhi is 95 rupees, the 
second 48 rupees, and the third less than 16 rupees. If we 
contrast the time—three months—that it took not fifteen years 
ago to make the same journey, and compare the £9 10s. with 

е enormous sum paid formerly, it may be acknowledged that 
railways are working wonders іп India.— 74e Calcutta Engineer. 

---------- 
HIGH ART IN LOW COUNTRIES*. 
By тне Dean or ELY. 


Тневе is ono preliminary question which stares us in the 
face. What do we mean by Art? And though this is a simple 
question, I am not sure that it is easier to answer on that ac- 
count: in fact, it is not unfrequently just the simple preliminary 
questions which are least likely to meet with satisfactory 
anawers. № many persons who nse the terms to define what 
they mean by а Whig ога Tory, or в right-angled triangle, ora 

ectable man, or a genteel female, and you will probably find 
it difficult to fet a clear answer; and you may be reminded of 
the wisdom of а certain leader of the House of Commons, who, 
having endeavoured in vain to obtain a definition of the duties 
of ап Archdeacon, and being compelled to make a speech which 
involved the knowledge of those duties, began by saying that the 
duties were so well known that he would not take up the Ише of 
the House in explaining what they were. "What then, I say, do 
we mean by Art? 

In the first place, with regard to the word: it is, of course, 
the same as the Latin word Аға, artis, and ав the French 
Art. This fact is not very interesting ; but there is, I think, 
some interest connected with the etymology of the word if we 
trace it a little further. Тһе dictionaries tell us that the Latin 
word Ars is the same word ав the Greek Aré/e; and this Greek 
word, which signifies any kind of ability or skill, but originally 
denoted more especially warlike ability or skill, courage, valour, 
is probably connected with Ards, the Greek god of war, the 
Mars of Latin mythology—a connection which І notice, because 
certainly arf, as we understand the word now, art as the word is 
used in auch a phrase as “Тһе Wisbech Industrial and Art Ех- 
hibition,” would have chosen any god or goddess in Olympus as 
its qum in preference to Arés or Мата, the fierce god of war; 
and if a name which originally described the power of an 
Achilles or an Ajax can now be used with most emphitic pro- 
priety to describe the power of those who beautify the houses 
of God and adorn our homes, then we may perhaps see in the 
change of meaning something of that change which is described 
by the prophet when he speaks of men “ beating their swords 
into ploughshares and their spears into pruning-hooks,” and 
*'learning war по more." Again, the dictionaries tell us that 
arrete іп probably connected with arrén, a male, as the Latin 
virtus is connected with vir, а man; virtua signifying PA ud 
valour, courage, those qualities which were countered to be the 
chief glcry of men; but virtue is now no longer any special 
property of теп. I should think it quite a sufficient claim for 
men that they should be put on an equal footing with their fair 
sisters; more than their half of the virtue which exists in the 
world I am certain they have not got. And so, also, if art 
originally implied anything of masculine skill, manly valour, 
warlike craft unsuitable for women. we may cougratulate our- 
selves that it is во no longer, and that art, in the sense in which 
we are dealing with it to-day, belongs to men and women alike. 

Let us, then, leave the word and come to the thing. Art тау 
be regarded in the first instance as mesning skill in general; 
but we treat it as meaning skill of a particular kind. And I 
think that we may properly define what we mean by saying that 
art is that kind 7 ur whieh ts employed in clothing the useful 
with the beautiful. Let us consider this definition. 

Many things are useful without being beautiful. There is no 
beauty worth speaking of in а gasworks-chimney, or in a news- 
paper, or in а railway-carriage; yet all these things, and thou- 
sands more which might be mentioned, are singularly useful. 


— An Address delivered at tbe opening of the Wisbech Industrial and Fine Art 
Exhibstion, 
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It is not every useful article, perhaps, which admits of в cover- 
ing of beauty; in some things the intensity of usefulneas seems 
to make beauty unnecessary, or perhaps to make the attempt to 
add to it ridiculous; their К in fact, is beauty, and 
with that they must be contented. Nevertheless, it is surprising 
how very few (comparatively speaking) are the cases in which 
superadded beauty is impossible, and, therefore, art unnecessary. 
In fact, the instinct of art would seem to be almost coeval with 
the instinct of supplying the prime necessities of human life. 
Amongst the earliest remaina of human handiwork which recent 
discoveries have brought to light are rude carvings upon pieces 
of bone, which no doubt were regarded by the connoisseurs of 
the time as marvels of imitative still. Men were compelled by 
their necessities first to make tools, but they soon began to 
ornament those tools; and I suppose there is not a savage 
nation on the face of the earth in which utility is ететт ак 
and art nothing. Оп the other hand, art appears to belong to 
man's simplest nature; and it is only in a very advanced state 
of society that men think it a mark of superior sense and judg- 
ment to glorify utility at the expense of beauty. 

Nor is it to be wondered at that man's nature should be thus 
constituted, seeing that God made man, and that the principle 
of clothing the useful with the beautiful, which I have spoken 
of as the foundation of art, is just the principle upon which 
(speaking generally) же may say that God's works are con- 
structed. Look at the human figure, the human face, the 
human hand, the leg, the foot. Every portion is useful; but 
not only so—every part is beautiful; and the beauty aud the 
utility are married together. We may speak of the eye as an 
optical instrument; but when we apek of the bright eyes of 
our fair sisters we think of something very different from optical 
instruments. And the mouth is a very atilitarian organ, and 
has very commonplace work todo; but there is hardly an d 
more beautiful and more expressive than the human mouth, an 
we are not thinking of mere perd when we speak of ruby lips. 
So of other parts of the face and of the body. Organs which 
appear to be hopelessly utilitariau, like the stomach and the 
heart, are packed away in closets; and the human frame as pre- 
sented tothe eye—especially if not spoilt by barbarous costume— 
is a ри specimen of the useful clothed with the beautiful : 
in other words, it is a perfect type of that which, in human 
works, sre describe as art. | 

The useful and the beautiful, then, are combined іп a work of 
art; and let me observe that the degree in which each of these 
two constituents will predominate varies very much in different 
enses, In some the use is almost everything, and the beauty 
superadded is trifling; as, for instance, when two kinds of bricks 
are used in building a house, so as just to break the dull uni- 
formity of the walls; in others the utility has almost vanished 
to make room for mere beauty, as in the case of pictures. But, 
аз a general rule, art does not seek mere beauty, but follows the 
example of nature, in which use and beauty go together, and 
utility ie often an absolute condition of beauty; yet even in 
nature we sometimes find the beautiful almost as supreme as in 
the case of a picture; thus we have the беты colours of the 
morning or evening eky, and on a smaller scale we have the 
butterfly and the humming-bird. 

Hitherto I have been speaking of art as though it addressed 
itaelf entirely to the eye; and, in fact, the kind of art to which 
this Exhibition chiefly directs our attention is that which be- 
longs to the sense of sight. But it ought to be observed, if 
only for the sake of justice, that the eye has not a monopoly of 
the pleasures of art. Art acts upon the mind, like almost all 
other things, through the senses; but there are only two of the 
senses which appear to be capable of being associated with ert 
properly socalled. The sense of taste, for example, might claim 
as its peculiar field the art of cookery; but we must not in an 
application of the term admit cookery to the dignity of art; and 
the sense of smell might claim that art which is hereditary in 
the family of Jean Maria Farina, of Cologne—but neither 
muat the composition of perfumes be admitted to the dignity of 
art. Feeling, vhough a very useful, is so very humble and com- 
monplace a sense, that it will probably hardly put in a olaim. 
No, the two senses which are dignifled beyond the rest as being 
the vehicles to the mind of the beautiful, and consequently the 
organs of art, are Aearing and seeing. Hearing may well com- 
pete with seeing in the dignity of its art-function; music may 
challenge painting and sculpture, and claim equality of dignity - 
frequently the two join in partnership, as, for instance, in the 
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choral worship of а beautifal cathedral; indeed, опе may say 
that the entente cordiale between these two senses is complete, so 
that sometimes they interchange names with each other: thus, 
when I see a letter from a friend, I say that I am glad to hear 
from him; and when a person explains to me, by word of mouth, 
some difficulty, I say, * Ah, now T вее what you mean." 

It is no discourtesy, therefore, to those branches of art which 

bave the ear for their organ, that we do not consider them to- 
day. We are dealing with art chiefly or almost exclusively as it 
belongs to the eye, and in so dealing with it I think we may 
adopt the definition which I have given already—that it is the 
clothing of the useful with the beautiful. The question, there- 
fore, which it would seem to me should be prominent in the 
minds of those artists whose efforts we chiefly desire to stimu- 
late by Industrial and Art Exhibition is this—How shall I make 
my work beautiful? How shall I produce that which is in good 
tasteP And this question, like many others, is very briefly 
asked, but cannot be very briefly answered. Something, how- 
ever, may be said which may be of use, and, with your permis- 
sion, I will devote a few sentences to the subject. 

I would observe that there are three great elements of beauty 
which ought to claim the attention of all art-workmen, and 
which comprise almost the whole of their artistic stock-in-trade. 
The three great elefhenta to which I refer are—Form, Propor- 
tion, and Colour. 

The importance of form is illustrated by the fact that with 
the Latins forma wes actually equivalent to beauty; and so 
thoroughly does form imply beauty, that, if the form be good, 
it is almost impossible to destroy the beauty. Take an instance. 
No position is more trying than that occupied by St. Paul's 

Cathedral in the midst of London smoke. There it stands from 
year to year with the accumulations of the atmospheric filth of 
perhaps the filthiest atmosphere in the world; and if the dome 

pended upon the colour of its material for Ив beauty, alas! 
for the dome; but its beauty із its form, and as its outline 
catches your eye, lighted up by such daylight asthe city of Lon- 
don enjoys, you cannot help saying that it is one of the finest 
buildings in the world. Е 

The education of the eye to the delicate perception of form, 
and the education of the hand to the production of form, are, I 
conceive, amongst the prime requisites of art-education ; and it 
is a kind of education which is the more important because the 
tendencies of modern times are in some respects unfavourable : 
there is such а tendency to manufacture things on a large scale, 
to use the rule and compass rather than the eye, to meet the de- 
mand of the times by the разпада of articles cheap and 
nasty, that there is danger of men being frightened away from 
sound principles of honest art by the dread of being starved in 
the process of carrying out the principles. Let me illustrate the 
importance of form by reference to something which I remember 
hearing from Professor Willis. Professor Willis invented an 
ingenious instrument, which he called a СутодгарА, an instru- 
ment for obtaining correct drawings of the mouldings of Gothic 
architecture. It is not very easy to do this, as anyone will per- 
ceive who remembers. how deeply under-cut and hollowed out 
many of these mouldings are; however, Professor Willis in- 
vented the cymograph, and he did ғо because he had long been 
struck by the contrast of effect between ancient work and modern 
work which professed to be merely an imitation of the old. Now, 
when the two came to be fairly laid side by side upon paper, by 
help of the cymograph, what was the difference between them? 
Just this, that in the case of, the ancient work the lines of the 
mouldings were drawn by the artist with a free hand; whereas, 
іп the modern, every curve was a circle struck with a compass. 
The ancient architect, in fact, went by the rule of braims, and 
the modern by the rulo of thumb; and I well remember the 
perplexity caused by this distinction to а very clever and 
competent man, who for a time superintended the recent resto- 
ration of the Ely lantern. Mr. Scott had asked him to make 
working drawings of the old stonework outside the lantern, and 
the good man attempted to do so according to modern rules of 
art; but to his dismay he could find no centres from which to 
strike his circles, and every modern rule of stonework was ruth- 
lessly set at defiance. If you had asked the great architect of 
the lantern, “ With what do you draw the designs of your 
stonework Р” he might have answered, like the artist in Dr. John 
Brown's Fior, who being asked, “With what do you mix your 
colours P" replied, “ Wi’ brains, sir." 

So much for form ; proportion is equally important. Indeed, 
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it may be said that proportion is an element of form, that form 
depends very much upon proportion. Still, proportion deserves 
separate consideration, and I should be very glad to give it such 
consideration as my poor ability might enable me, if it were not 
that I felt the necessity of studying proportion also in my 
address, and hastening to conclude this portion of it, and 
proceeding to that which is more particularly implied by its 
title. 

For the same reason I must pass, with a rapidity which much 
grieves me, over the subject of colour. I must remark, however, 
that in this department there is а great deal to be done, and 
great encouragement to Englishmen to endeavour to do it. 
There is a great deal to be done, because, until lately, colour 
was in many jr eater of art almost forgotten, especially in 
architecture. We seemed some years ago to regard as an axiom 
that we should have no colour except those of wood and of 
stone. Now we are beginning to wake to our mistake; and 
the danger is lest, in the zeal of our returning consciousness, we 
should rush with brush in hand and commit some tremendous 
blunders. It is for fear of committing such a blunder that the 
lantern of Ely Cathedral is now left in its unfinished condition. 
It was thought better tolook at the woodwork in its cold, crude, 
patched condition, and to consider how it should be treated, 
rather than paint the whole in a hurry, and repent of the result 
at leisure. But there is, as I have said, great encouragement to 
Englishmen to work at the colour department of art. English- 
men have not, I think, asa nation, good eyes for form and 
proportion. Certainly we do not in general draw so accuratel 
as our French and German neighbours; but we do hold a hig 
position as colourists; and in any international exhibition of 

ictures, perhaps nothing will strike you more than the excel- 
ence of the colouring of works of the English school. Let me dis- 
miss this part of the subject by saying that colour seems to me to 
be in в very special and peculiar way a gift of God. Form and 
proportion, you may say, are God's gifts, inaamuch as God gives 
us the power of appreciating the beauty which arises from them, 
and sets us examples of such beauty in His works; but the 
beauty of form and proportion is, after all, connected with 
geometrical necessity, and, therefore, can only in part be con- 
nected with divine benevolence. Not socolour. Colour, and there- 
fore all the beauty and pleasure arising from it, is the result of 
a distinct creative act, which (as far ав we can perceive) need 
not have been performed. 

“God said, ‘let there be light,’ and there was light ;” but 
when God created light, He created colour too. The beams of 
light were not simple, inseparable undulations, capable of 
discharging the useful office of conveying messages to the eye: 
but the white wave was made capable of splashing into numberless 
colours ; and the great discovery which Newton made, not much 
more than a century ago, was in reality the discovery of a 

rimeval act of God's providence, of which men had perceived, 
or thousands of years, the pleasant and refreshing consequencea, 
though they were in ignorance of the method of God's operation. 

I һауе now spent as much time as I can afford upon the 
general question of art, and I pass on to the more direct discus- 
sion of the subject which I have chosen particularly for thia ad- 
dress, and which I have shadowed forth in the epigrammatic title 
High Art in Low Countries. 

T ds not know whether the notion ia generally prevalent, but 
I confess that to me it seems very natural, that districts such as 
this in which Wisbech is situated should be unfavourable to the 
flourishing of art and the birth and growth of art genius. Far be 
it from me to say anything disrespectful concerning the Isle of 
Ely, but its best friends will not deny that it is flat, that it is 
deficient in picturesque features, and that there is not much in it 
to stir ће imagination, or drive men to write poetry in celebration 
of its natural beauties. The wild land of mountains, waterfalls, 
woods, and rivers, seems to be, ав Sir Walter Scott phrases it, 
the “true nurse of the poetic child ;" in the midst of ditches and 
Bluices the poetic child is likely to be smothered in infancy ; and 
hence I think there is a tendency to imagine that the child of 
art is likely to fare as badly in our fen country or in Marshland 
as the child of poetry. Butin truth any such imagination would 
be unfounded, and would be contrary to experience. That this 
is во 1 intend to prove for your comfort more at length presently, 
but before I do во I would first make two remarks. 

In the first place, it seems to me that the very absence of 
natural beauty іп а flat country is likely to force the minds of 
the inhabitants in the direction of art. The possession of every- 
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thing upon which the eye can delight to rest all ready-made (as 
it were) by the hand of nature, may have the effect of checking 
the appetite for art, whereas the famine of natural beauty may 
compel a search for artificial food. Certain it is that the carliest 
works of art are to be fonnd in the prosaic valley of the Nile, and 
in the flat country of Mesopotamia, and I think that everyona 
must feel that the existence of beautiful churches, such as we 
find throughout Lincolnshire and the Marshland district of 
Norfolk, ia a boon which in a more interesting country we should 
not appreciate nearly so highly. 

But, in the second place, I think it should be borne in mind 
that a flat country is not without its advantages even in respect 
of beautiful objecta upon which the eye can rest with pleasure, 
and by which the artist’s eye can be educated. The effects of 
sunrise and sunset, and generally all beauties depending upon 
the atmosphere, are seen nowhere better than in a district such 
as this; everyone must have been struck occasionally with the 
grand cloud-pictures which may be seen in a country having a 
wide horizon—eccentric forms, Alpine snowy ranges, weasels 
and whales, and every variety of hue: no lesson in colours can 
be better, &nd with such favourable lights it does not require 
much to make a picture : а twist in a river with a windmill, or a 
cottage, an old barge, a peasant, and a dog, will probably furnish 
the subject of a charming work of art. 

Perhaps I may add, in speaking of flat countrics, that they 
have in past times had an advantage over others in this respect, 
that they have got rich morequickly. Districts lying level withthe 
sea, and intersected by natural highways in the form of rivers, 
with a rich soil read br tillage, have generally been the earliest 
homes of commercial wealth, and wealth is necessary for the 
encouragement of art; “шопеу” ів said to '*make the mare to go," 
and it makes the artist's brains and fingers to go too: artists of 
all kinds object to hunger, and unless there be men who are rich 
enough to be patrona of art, art is likely to wane. 

To be sure pu may sometimoea find а man art-mad, like the 
famous French potter Palissy, who broke up his chairs, tables, 
bedsteads, everything, to keep up the fire in his furnace till his 
* experimental pieces of pottery were sufficiently baked, and 
who got into scrapes with his wife in consequence which would 
have appalled в less stout-hearted man; and even Palissy, by- 
the-way, would not have been able to achieve what he did had 
he not met with influential patrons in the royal family of France. 
Money does not necessarily beget art; it may breed mere vulgari 
and extravagance, still there must be wealth to enable people 
to patronise art, and there must be education to teach people to 
appreciate it, and those countries which rise early to opulence 
are pe to be found amongst the early nurses of art. 

And these considerations lead me to speak upon the remark- 
able growth of art in times gone by in those countries which 
we claim, par excellence, вв the Low Countries—the Pays Bas 
—or Netherlands. If anyone wishes to know how high art can 
soar in low countries, he should observe what art has done in 
Belgium and Holland. We people of the fens have, as I ahall 
sbow you presently, some very special grounds of consolation 
concerning art here in this Isle of Ely; but if we are not con- 
tented with what we can find here at home, we may easily 
run over the sea and find, in a country very like our own, con- 
solation enough to comfort the most weak-hearted. Will you 
kindly accompany me to Belgium and Holland for a very short 
trip, and as the О.Е. R. Company has made everything so 
snug and comfortable by way of Harwich and Antwerp, will 
you consent to adopt that route? 

Ав we steam up the Scheldt everything looks inartistic 
enough : mud-banks, the country as flat and uninteresting ав our 
own ; but as soon as we land at Antwerp, or rather for some 
time before landing, we find a pledge of high art in the beautiful 
Bpire of the great church of Nótre Dame. Thie is а wonderful 
piece of construction, and is enough by itself to make Antwerp 
worth a visit; very lofty, 360ft. high, bat much more remark- 
able for its structure than its height; it is light as lacework, 
being in fact scarcely a stone building in the proper sense of the 
word, but rather composed of раз of stone clamped together 
with metal. The Emperor Charles V. is reputed to have said 
that it ought to be kept in a case. In my own humble opinion 
it is the most beautiful spire in the world; and I may add here, 
by way of parenthesis, that an additional stimulant to art is to be 
found in flat countries in the incitement which seems to be given 
to tho erection of lofty buildings ; when men have no mountains 
near them to dwarf their puny efforts, it is worth while to try 
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how much of beauty сап be gained for я building by the element 
of height. 

The spire of Мате Dame at Antwerp is, however, merely Ше 
most conspicuous specimen of the art treasures of the old town. 
Even in the way of church art it merely stands at the head of a 
long list. I must pass over this list to remind you that at 
Antwerp you meet with the masterpieces of Rubens, and with 
specimens of others of the most remarkable of Flemish painters. 
There is, perhaps, hardly any gallery in Europe of the size 
which contains more treasures and leas rubbish than that at 
Antwerp ; and, after all, it does not contain what is regarded by 
many as Rubens’s masterpiece, the “ Descent from the Cross," 
which hangs in the great church. 

The mention of Rubens, the king of the Flemish painters, and 
one of the greatest painters of the world, makes it necessary for 
me to make a few remarks upon the Flemish school and its 
connection with the history of art. I am speaking to you of 
“ High Art in Low Countries,” and nothing is more remarkable 
than the contributions to the art of painting which have been 
made by both Belgium and Holland. Belgium did, in fact, 
invent the great art of oil painting for itself. It is true that 
the Flemish artists were not the first to use oil in the tempering 
of colours—Giotto and the early Italian masters were consider- 
ably in advance; but there seems to be no doubt that the 
brothers Herbert and John Van Eyck not only invented inde- 
pendently for themselves the method of oil painting before the 
end of the fourteenth century, but that the excellence of their 
method was such as to gain European celebrity, and to induce 
an Italian artist to journey into the Low Countries for the 
purpose of learning it. Moreover, the excellence of the method 
and the genius of the inventors speak for themselves in existing 
works. It will be sufficient to mention only which is perhaps 
their masterpiece. I refer to the picture, or rather series of 
pictures, known ав the “ Adoration of the Lamb;” part of the 
work is in the Church of St. Bevan, at Ghent; part is in the 
Museum at Berlin. I have seen both, and certainly it is im- 
possible to overstate the admiration which an examination of the 
work inspires; some of those to whom I am speaking have 
probably seen this great picture; for others it must suffice to 
remark that here we have a work in oil by the very inventors of 
the art, looking now, after nearly five centuries, aa bright as 
when it came from the easel, and that of the crowd of saints 
represented as admiring the Lamb, containing several hundreds 
of faces, each finished with the beauty and perfection of a most 
elaborate miniature. 

Who shall say that Low Countries are not good cradles for 
High Art? But the two Van Eycks were the beginning, and by 
no means the end, of the Flemish echool. Of those who im- 
mediately followed them, there are just two whom I will 
mention. The first, Hans Hemling, or Memling, for he seems 
to bear both names, and of whose brush there is a wonderful 
Specimen in the Hospital of St. John, at Bruges; it consists of & 
large chest or reliquary, adorned with a representation of the 
legend of St. Uesile and bes 11,000 virgins, who were mart 
at Cologne, and whose supposed bones you may still see there. 
The finish and preservation of this work are wonderfal; and 
they tell you at the hospital that offers have been made to the 
governors of a silver chest of the same size for that which they 
possess in painted wood. The offer would be a poor one even 
on the poor ground of money value; for undoubtedly the 
visitors of Hans Hemling’s work very soon contribute more 
silver than would be required to make the chest; and herein I 
may observe is to be seen an example of the royal prerogative 
of art, which can turn a few shillings’ worth of wood and paint 
ша a work absolutely more precious than silver ог even than 

old. 
Е The other early Flemish painter whom I wish to mention is 
Quintin Matays, and I do во not во much for the excellence of 
his paintings, though that is very great, as because he was by 
trade a blacksmith. Yes, blacksmith and painter!—nothing can 
check the career of genius—and avery skilful blacksmith he was, 
as anyone may satisfy himself by examining a wrought-iron 
canopy which protects a pump close to the great church at 
Antwerp. The story is that Quintin Matsys was in love with а 

Saag lady whose father objected to give his daughter to a 

lacksmith ; во, for the sake of his lady-love, Quintin Matsys 
gave up iron and took to paint. . 

These men whom I have mentioned belong to the infancy of 
the art, and their works have the atiffness and formality in- 
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separable from the circumstances under which they were 
produced: Rubens, with his master, Otto Venius, and his pupil, 
andyck, represent the Flemish school in its fall manhood and 
perfection. A marvellous manhood it was! I feel myself incom- 
petent to criticise it, and I know thoroughly well the small 
value which belongs to my opinion, but I confess that the genius 
of Rubens impresses me as much as that of almost any painter 
whose works I have seen ; you must not judge him by anything 
which we have of his in England; so far as I know there are 
but two places in which you can see him in his glory, namely, 
Antwerp, and Munich; and when you do see him in his glory, 
the freedom of his drawing and the magic of his colouring make 
you doubt which of the two is the more admirable. Woe to the 
unhappy painter whose works hang near to those of Rubens. 

If wo went no further on our tour I think we might say—W ell 
done, Low Countries ! But the Low Countries have done much 
more. There is no country in which art has been applied to the 
architecture of towns more earnestly and more successfully than 
Belgium. We English people are wonderfully thick-headed 
with regard to street architecture; we have not half-a-dozen 
towns which are tolerable, and of our modern towns the in- 
tolerableness is generally unspeakable; only think of London 
and the large sums that are spent there on new streets and 
public improvements, and the small results obtained hitherto. 

owever, it is not my business to abuse London, nor have I 
time to до во; my business just now is to call your attention to 
the pictureaque character of the Flemish towns, and, above all, 
the town-balls which the people built in those towns when they 
were the centres of manufacturing industry, and when the 
inhabitants had plenty of money—for there was a time when 
the people had plenty of money, namely, when Ghent was the 
Manchester of trade, and when the English Government was 
obliged to go to the capitalists of Antwerp to borrow cash. It 
is satisfactory to see that our wealthy towns are now making 
efforta in the same direction; Liverpool some years ago built 
St. George's Hall, for courts of justice and other public pur- 

es; and Manchester has just produced a really remarkable 

uilding for the aecommodation of her lawyers, being probably 
the most successful modern application to civil purposes of the 
architecture of the Middle Ages. Тһе great misfortune, I may 
remark by the way, of Englaud, and especially of England's 
great towns, in this department of art, is her smoky atmosphere. 
When Flanders built her Hotel de Ville she had plenty of 
money and a clear atmosphere: we have the money, but we lack 
the atmosphere; and what chance is there of first-rate ideas 
entering the brain of an architect when they are all to end in 
smoke? 

There is one other branch of art which muststrike everyonein 
travelling through Belgium, and that is the wood.carving. I 
the rather mention this because we have imported a large 
quantity of wood-carvinzs from Louvain for Ely Cathedral ; and 
anyone who has seen Ely Cathedral (as I trust almost all of 
you have) will remember how much the effect of the stallsin the 
choir has been improved by the introduetion of carved pancls, 
exhibiting subjects from the Old aud New Testaments. The 
principal opening for carving ма Flemish church scems to have 
эсеп the pulpit; and some of the works of art in this department 
of sacred art are certainly wonderful. A pulpit, for instance, 
shall represent the Garden of Eden, and then you will have the 
preacher surrounded with beautiful animals, peacocks, birds of 
рогата, squirrels, &c., with Adam and Eve, perhaps, аз large as 
ife. It may be doubted whether somo of these pulpits do not 
represent carving gone mad; but certainly the details are very 
beautiful, and it would be difficult to go to sleep during a 
sermon preached trom such an exciting platform. 

So much, then, for Flemish art. In the superficial sketch 
which I have given, I have wished to impress upon you this 
conviction, that Belgium was one of the early nurses of art in 
Europe, and that it is impossible for anyone to pass through 
the country, even in these railway days, without perceiving that 
this is true; and the result, во far as we іп the present day are 
concerned, is this, that here is a country, as uninteresting b 
nature as the Isle of Ely, or any other country of the liad. 
rendered positively delightful by the application of human skill 
to the highest departments of art ; and, before I leave the Low 
Countries, I must ask you to observe that the same thing is true, 
though with variations, of the other great division of the Nether- 
jands, namely, Holland. Did you ever go to Holland? If not, 
1 аш воггу for you. А visit to Holland of a few days sopplies a 
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man with recollections for the whole of his life. Of all the 
funny places I have ever seen, Holland is the funniest. It is 
the only country in which I have felt disposed to rub my eyes 
and pinch myself, to ascertain whether I was not in a dream. 
However. my business ін not to speak of Holland’s eccentricity, 
but of Holland’s art; and undoubtedly Ив school of painting 
will bear comparison with any in the world. The most remark- 
able man in this branch of art was Rembrandt; and his case is 
the more worth noticing because there was apparently nothing in 
the circumstances of his birth to make him an artist. He rose 
from the ranks, во to speak; it was genius which would come 
out. He was the son of a miller; and this, by-the-way, in 
Holland, is not a very exceptional thing, for it is a land of mills. 
Between Saardam and Woermerveer, in North Holland, there 
are about four miles of mills, all planted by the side of a road as 
regularly as apple-trees by the side of а garden walk, so that 
one would say that there was a good chance for any Dutchman 
of having been born ina mill. However, Rembrandt was so 
born ; and it has been suggested (I think very cleverly) that his 
peculiar style of painting, his method of lighting up his picture 
from one intense centre of illumination, may have been uncon- 
ciously suggested by the interior of his father's mill, where he 
layed asa child. Certainly it occurred to me when I was in & 
utch oil-mill, watching the process by which two worthy Dutch 
millers were extracting oil from linseed, and when I noticed 
the dark interior, with the bright light streaming in through the 
open door, that there was а ready-made “ Rembrandt." — 

However thia may be, Rembrandt was a prince of painters 
and a glory of the Low Countries. Perhapsthe most remarkable 
trinmph of his art—and I refer to it because it is & wonderful 
triumph of art in general—is his picture, which you may see at 
the Hague, of a certain Professor Tulk lecturing on anatomy. 
Only conceive. the trii of a painter’h powers who is com- 
missioned to commemorate а famous anatomist by a picture 
subscribed for by his admiring pupils, and who undertakes to 
paint, not merely a head and shoulders, which in the course of 
two hundred years may stand for anybody, but the actual man 
demonstrating upon the dead human subject with his pupils 
around him! You may say the picture must be diagusting ; but 
this is just what the picture is not: such is the power of art 
used by genius that even so strange and unpromising а subject 
ав the interior of a school of anatomy сап be made a picture 
upon which the eye delighta to rest. 

At the Hague you may also see Paul Potter's bull—such a 
bull! no rinderpest about Aim: fine, wholesome young fellow, 
wbo seems only to regret that the conventionalities of picture 
life prevent him from walking straight out of the canvas, and 
treating you to a good loud bellow. To me, I confess, this 
world-famous bull is not so striking as another picture by Paul 
Potter representing a bear hunt: this is the most living animal 
picture I ever saw. 

Then there is а marvellous picture at Amsterdam by Van der 
Helst, sometimes described as the miracle of the Dutch school. 
lt represents the City Guard of Amsterdam celebrating the 
Treaty of Munster: the picture has no great interest now, except 
asa remakable group of portraits ; here are about five-and-twenty 
persons, life-size, grouped together on one canvas, and each a 
portrait such as would make the fortune of an artist in London, 
while the action of each man is easy and natural, and the finish 
of the whole quite perfect. | 

These great pictures which I have mentioned are merely 
prominent specimens of a school. Painting has grown in the 
soil of Holland just aa truly as her tulips and hyacinths: the 
school has not soared to the poetic height of the Spanish and 
Italian, nor even of the German and Flemish; but it has done 
great things, and in imitative representative art, I need hardly 
say, it will challenge comparison with the whole world. My 
purpose, however, is not to institute an exact comparison between 
the Dutch and other schools of painting, but onty to point out 
to you how thoroughly high art has flourished in, and has 
morally elevated, a country which, physically, is hopelessly low; 
and how it is true of Holland, as of Belgium, that a country 
naturally uninteresting has been endowed with charms of the 
highest order by the gifts of genius and the happy victories of 
art. : 

We must not Jinger, however, any longer in foreign countrica. 
Time warns me that I must hasten to bring this address to & 
conclusion; but I must not do so without giving a moral, or 
what I should call in a sermon, a practical application. Let us 
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come home, then, to our own country, and let me remind you that, 
although we cannot boast here an old school of painting, we may 
fairly say that іп one department of art, and that a high one, 
namely architecture, we had, іп olden days, a school in the Isle 
of Ely, of which the Isle may be proud. Ely Cathedral repre- 
sents, as everyone will allow, Medieval architecture in the 
perfection of Ив beauty ; but it may not have occurred to every- 
one who has admired the beauties of Ely Cathedral to think, or 
rather some may not have had the opportunity of knowing, that 
the principal Mediæval glories of Ely, perhaps the whole, were 
Lome-grown. 

I do not know the names of the architects of all the great works, 
bat the architect of the most remarkable portion, the central 
octagon and lantern, was undoubtedly a monk of the convent, 
Alan de Walsingham. I auppose from his name that he was 
not born in the Isle, but came from Walsingham, in Norfolk, a 
place in those days much more famous than now. He would 
probably have come from his native village as a boy to Ely, and 
would never have gone much bevond the bounds of the convent, 
except to see those farms of which he had the care as sacrist, 
But he was a man of genius, and circumstances favoured the 
development of his genius, though іп а singular way. First he 
showed his love of art by making himself а goldemith, and then 
he indulged tho same love by turning architect. Many oppor- 
tunities he found for the exercise of this art; in fact, the good 
old monk seems to have been constantly building one thing or 
another ; he designed the Lady Chapel, he built that exquisite 
little gem which we call Prior Crawden's Chapel, and several 
other buildings of less note; but the grand opportunity for 
exhibiting his full powers occurred when the old central Normau 
tower fell in 1820. “It is an Ш wind that blows nobody any 
good : and though the fall of the tower nearly frightened the 
monks out of their wits and emptied their pockets, it was (ав we 
кау) the "making" of Alan de Walsingham. Never was there 
a Vetter opening, and Alan perceived it: he did not send to 
London for Mr. Scott, ав we, his degenerate впссевногв, do, when 
we need any alterations ог improvements, but he set to work 
himself: he determined that he would have no more heavy 
towers, d iid d to come down and keeping up a reign of 
terror, but he would recast the whole structure of the cathedral ; 
and so he introduced that beautiful octagon which has been ever 
since one of the chief features of the building, and which ma 
be reckoned amongst the prime resulta of Mediæval archi- 
tectural skill. 

Here, then, we have close at home another specimen of high 
art in low countries: art, let me observe, none the worse for 
being consecrated to the service and worship of God : indeed, it 
is true as a matter of history, and peria we might have 
expected it to be so, that the religious feeling has been more 
successfal than any other in promoting the progress of art. 
Begaleel, the son of Uri, and Aboliab, the son of Ahisamach, of 
whom we read that God “filled” them * with wisdom of heart, 
to work all manner of work, of the engraver, and of the cunning 
workman, and of the embroider in blue and in purple, in scarlet 
and in fine linen, and of the weaver, even of them that do any 
work, and of those that devise cunning work."  Bezaleel and 
Aholiab were, I say, but the earliest specimens of a race of men 
who, under the old covenant and under the new, in the days of 
Moses and Solomon, and King Edward IIL, and Queen 
Victoria, have consecrated their artistic genius to the service of 
God. Неге, no doubt, if a man have the power to realise it, 
is а spring of action which excites the bravest efforts and leads 
to the most transcendent results. You see the most complete 
illustration both of the power and of the success of tlie principle 
in the case of that most admirable painter the monk of Fiesole, 
whom it has become the custom to style Fra. Angelico: of him 
we read that he would never paint for gain, but that if petition 
were made to him for a picture for any sacred p ве, he would 
ask permission of his superior, and then give himself to the 
work. 

We have no artist monks in Ely in these days, but the ceiling 
of the nave of the cathedral may be taken as evidence, not only 
that there is still high art in the low countries, but that the 

irit which gnided the brush of Fra. Angelico in Italy, more 
than 400 years ago, is alive in England at the present time. 1% 
is really a cheering fact with regard to art іп our own country, 
that a work like that of the ceiling of Ely Cathedral shouid 
have been begun and completed by amateur hands. Most of 
you are probsbly aware that the painting was conceived and 
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hsif-executed by the Jate Mr. Styleman-le-Strange, and that 
when death cut short his labours, sadly and suddenly, the work 
was taken up and completed by Mr. Gambier Parry. I haveno 
time to describe thia beautiful work, nor ів it necessary; any- 
one who can come to Wisbech to hear thia address can easily 
go to Ely to see this painting; and 1 am aure that those who 
do see it—I may add, those who see the many other works of 
sacred art which are to be found in Ely Cathedral—will conclude 
that somehow or other, although we have no Alan de Wal. 
singham amongst us, high art does still find ita way into the 
low countries of our ще. 

Long may this continue to be so!—and may this industrial 
and art exhibition help to foster the love of art, and the know- 
ledge of art, and the study of art amongst us. Depend upon it, 
artis truly a gift of God; as Bacon. in the language of his 
latest and best editor, “declared with all the weight of his 
authority and of his eloquence, that thé true end of knowledge 
is the glory of God, and the relief of man’s estate," so also we 
may say that art has been given for the same great purposes, 
that it is intended to promote human happiness, and that it is 
used for its highest purpose when it is made to tend to God’s glory. 

All men are not artists, nor capable of appreciating art in its 
highest forms, but а] men are benefited, more or less, by the 
progress of art; just as all men are not poets, and yet poetry 
softens the manners and polishes the mind, and makes this 
world more habitable even for the most prosaic. You cannot 
tie up the benefits of art to a few—it ia a gift to humanity, and 
extends in its influence and its blessings as widely as the human 
race extends; it may be abused to evil purposes, to mere luxury 
and effeminacy, just as other good gifts of God may be abused; 
but there ів no reason why it should be. It ів not to be com- 
pared, in point of value, with those other gifts which affect the 
&bsolute necessities of the body or the still more absolute 
necessities of the soul; but, putting aside these sovereign gifts 
of God, there is none for which we should give greater and more 
continual thanks than for art, in all its multiform ramifications. 
We may see in it one of the most conspicuous proofs of God's 

ness, because we find in it the evidence that He has given us 
this world, not only as a place to live in, but as a place in which 
the eye and the ear, and the whole mind may ever find abun- 
dance of beauty, and unfailing springs of delight. 


-------Ф---- 


GEOLOGY AS APPLIED TO ARCHITECTURE.* 
Bv Јонх Сомміхо, F.G.S. 


Тнв object of this paper is to indicate those points of contact 
between the geologist and the architect which must be useful 
to the latter and may not be uninteresting to the former. Some 
whom I address, по doubt, belong to what has been well-named 
the “ Bricks and mortar school; " there may be others who are 
the slaves of mere mstheticism. Тһе latter would be content 
simply to design, and if their conceptions culminated in nothing 
more than castles in the air they would consider their part 
complete. The former would ignore the art and sink the archi- 
tectin the builder. To design in beauty, and not to to rest 
content til he builds in truth, is the position asserted for the 
true architect. То enable us to build in truth a knowledge of 
materials, founded upon а broader basis than that acquired in 
the drawing-office or on the building may readily be obtained. 
I cannot think that a knowledge of sciences, which provide the 
materials of which all edifices must be constructed, or which 
aid in their Preperation, can in any way degrade or be beneath 
the notice of the true art student; on the contrary, with the 
knowledge, however small, of geology, mineralogy, or mechanical 
science, the architect may, and often does, save large unnecessary 
outlay, and by so doing is in a position to expend money thus 
economised on such esthetic deus as may be congenial to 
his taste or in accordance with his preconceived principles. 
To entertain discussion upon the relative merits of the pig- 
ments artists use ів not beneath the notice of modern psintera, 
and surely to understand something about the materials of 
which buildings are to be constructed cannot be beneath the 
attention of the modern architect, and geology will undoubtedly 
assist him in the investigation of stone, slate, marble, clay, 
cement, lime, sand, and gravel, for purposes of construction. 

. The science of geolo has features which connect it with art 
in many ways. The late Mr. Richardson romarks:—'" The 
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painter derives important aid from a science which teaches him 
the physical structure of a country and the principles which 
determine its scenery and aspect.” Many Sod of great merit 
offend the eye by departure from the truth of nature, which a 
knowledge of geology would serve to correct. For example, 
how grave should we deem the error of the artist who, when 
depicting an event which occurred in the southern district of 
our island, should sketch the scene with the rugged outline 
which characterises the primary formations of the north ; or if, 
in representing an occurrence which happened in the northern 
district, he should delineate the angular outline of its Plutonic 
rocks with the undulating lines which characterise the sedi- 
mentary rocks of the south. 

Some of the most celebrated modern paintings exhibit faults 
of this description, for in some of them rocks are drawn and 
views pourtrayed in localitics where, owing to the physical geo- 
graphy of the district, they could never have existed. Geology is 
to the landscape painter what anatomy is to the student of animal 
forms, and as such will repay his investigation. The sculptor 
is no less indebted to geology in the choice of material : and in 
other respects some of the finest productions of the chisel, 
owing to the choice of an unworthy material, are chipped and 
decomposed. The Greek marble of Pentilicus was much dis- 
figured from its impurity and the admixture of metallic oxides ; 
but the Italian quarries of Massa and Carrara are free from 
impurities—they consist of oolite stone crystallised. Man 
ancient works of art are spoiled from the impurities containe 
inthestone. А celebrated chef-d’euvre of modern date, viz., the 
Ariadne of Danneker, is greatly injured from this cause. It may 
be added that the late $: Francis Chantrey was so well aware 
of the value of a knowledge of this kind that he made himself 
a раси, in mineralogy and geology. If, then, Ше painter 
and sculptor can obtain such useful help from geology, may not 
the architect? It is my present object to try to point out how 
he may do so. Architecture has aided the stience of geology in 
в remarkable though undesigned manner, and I claim a return 
from geology. The elevation and deprossion of parts of the 
earth's surface is an operation of constant occurrence, but in the 
early days of geological science could not be demonstrated to 
° those who disbelieved іп the new science. Architecture has, un- 

consciously, enabled us to verify this phenomenon. The Temple 
of Jupiter Serapis, at Puzzuoli, yields extraordinary evidence of 
its repeated submergence and emergence from the sea. “The 
ruins," says Dr. Mantell, “are situated on the shores of Baim, 
and consist of the remains of a large building of a quadrangular 
form (probably used as a bath), seventy feet wide, the roof of 
whieh was supported by twenty-four granite columns and 
twenty-two of marble, each а monolith. Many of thc pillars 
are broken and strewed about the pavement, but three of them 
still remain standing, and on these are inscriptions not traced 
' by the Greeks or Romans, but by some of the simplest forms of 
animal existence, which have len enduring records of the 
physical changes that have taken place on these shores since 
inan erected the temple in honour of his gods. The tallest 
column is forty-two feet in height; its surface is smooth and 
uninjured to an olevation of about twelve feet from the pedestal, 
where a band of perforations, made by a species of marine 
boring muscle, commences and extends to the distance of nine 
feet, above which all traces of their ravagea disappear. The 
perforations, many of which still contain shells. are of a pear-like 
shape, and are so numerous and deep as to prove unquestionably 
that the pillars were immersed in sea-water at the very time 
when the base and lower portions were protected by rubbish 
and tuffa, and that the upper parts projected above the waters, 
and consequently were placed beyond the reach of the lithodomi. 
The platform of the temple is now about one foot below high 
water mark; and the sea, which is only forty yards distant, 
penctrates the intervening soil. The upper part of the perfora- 
tions is therefore at least twenty-three feet above the level of 
the sea, and yet it is evident that the columns were once plunged 
in salt water for a considerable period. It is equally clear that 
ny have since been elevated to a height of twenty-three feet, 
still maintaining their erect position, incontrovertibly proving 
that the relative level of land and sea on that part of the coast 
has changed more than once since the Christian era, each move- 
ment of subsidence and elevation having exceeded twenty feet. 
The pillars are again subsiding so gradually that they still 

maintain their perpendicular.” 
I have thought it interesting to give this short account of an 
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instance of architecture, proclaiming in unmistakeable terms the 
facts of science, in order that I may urge the possibilities of the 
science of geolo; y one day assisting the art of architecture. 
Leonardo da Vinci, best known as a painter, was an architect, 
and, it appears, a geologist also; that is to say, he was an 
acute observer of geological phenomena. He was one of the 
first to put a right construction on the fossils which had been 
found in his day, and made it his business to become acquainted 
with the structure of the earth. Many а man has found the 
inconvenience of a lack of scientific knowledge when in contact 
with the modern builder. How often is the Төке architect 
obliged to bow to the builder's superior knowledge of materials, 
the places from whence these materials are procured, and of 
many other practical topics? This may in some degree account 
for the increasing tendency. in this very utilitanan age, to 
employ builders only, without the intervention of the architect. 
The builder-architeet frequently possesses a large amount of 
practical information not shared in, by at all events, the youn; 
architect. It will be admitted that the less the designer an 
the executor are united the better. The architect should not be 
obliged to bow to any man on practical questions which relate to 
his profession. Art and science are twins, each possessing a 
distinct path, but having converging lines and points of junc- 
tion where they kiss each other and unite to speed a common 
weal. The aspirations of the artist have many a time been 
checked from the absence of power to carrythem out. Science, 
with a helping hand, has often stepped in, removed mechanical 
obstacles, and opened the road to higher art achievements. 
Grecian science suggested the arch, Phoenician science taught 
the use of building-stone andits preparation. It is neces to 
admit the connection between applied art and science. Where 
so much that is beautiful in nature is made the basis of 
architectural ornamentation, a just appreciation of the objects 
selected as the basis of the design is essential. This is eminently 
the case where flowers or foliage are introdued, and, however, 
we may conventionalise, it must never be at the expense of 
truth. To avoid error, a knowledge of botany, however alight, 
is useful. To the artist it is essential. To Беа good sculptor 
you must be an anatomist, and if anatomy be essentia] in the 
design of animal forms, equally so must botany be essential in 
the design of vegetable forms. In fine, it will be seen that 
whatever science teaches of the structure of creation and 
the laws which govern natural phenomena should be hailed 
as an aid to place architecture in its перона position in Ше 
van of modern professions. Geology has been lately styled 
в popular science, but why I have failed to discover. It 
is true that many talk what is deemed geology, but their talk 
is as far from it as the Poles are asunder. Numerous works 
have appeared of late containing speculations as to the аше- 
cedents of the human race: whether Adam was the first man, or 
if he was but the first example of a fully developed human 
being. These, and many allier questions, have been very 
cleverly discussed by men of acknowledged power; but these 
considerations do not belong to the science at all. On many 
occasions I have heard men argue upon some of these h 
theses from the perusal of the works upon these topics, but 
to call such men geologists is a misnomer. The public to 
some extent believes that to be a geologist is to be one 
who wishes to undermine all preconceived views of creation 
and historic religion. The error is with the public. To bea 
geologist means to be well informed upon the nature of the 
materials of which the earth is composed, and to recognise 
by its contained fossils and mineralogical characters to what 
position in the series в given stratum is to be assigned ; to aecer- 
tain facts, and, when determined to be true facts, to record 
them. The speculations too often regarded as deductions from 
such facts are, in most cases sciolisms, not scientific inferences. 
The student-architect may employ some little of his time profit- 
ably in the study of geology. 1 do not ask bim to give up 
his holiday sketching, hie clase of design, his lifo studies, &e.. 
but may he not, with his sketching, keep bis eyes open for 
eological features, and thus give an additional interest to his 
folida reminiscences? Іп continental churches, monuments, 
and other buildings, may he not find out of what stone they are 
built from, what formation obtained, the distanee from whence 
conveyed, the age when used, their state of preservation, pro- 
bable reason of their employment, and such other notes ав шау 
bo suggested on the spot? Would not memoranda like these 
be of use to the profession and yet be not devoid of intereat to 
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the geological world? Tocomprchend why the study of geology 
may be useful to the architect it is necessary to point out a 
few of the fundamental principles of the science. The present 
object is to awaken an interest that may induce some to look 
further into the subject and lead others to accept the work of 
the geologist as a useful help in the exercise of thelr profession. 
The earth on which we live has for its upper crust a layer of 
materials, according to some four, to others six, or more miles 
in thickness. This is made up of different minerals deposited 
by the ocean, the river, the iceberg, and other causes, and 
tered in some cases, by chemical, in others by mechanical, 
influences, and in many other ways. Where continents and 
islands now dot the surface of the earth occans and river once 
rolled, and at various times in the history of the world sea and 
land have changed places. These operations have been the 
work of ages, and cach successive alteration has left its indelible 
mark on the sands of time. ТИ about a century ago the crust 
of the carth was considered a muddled misture of various 
rocks and soils with an incandescent centre; but since, by the 
р study of Smith, called the father of the science, Lyell, 
urchison, De la Beche, and a host of other observers, both 
foreigners and English, the strata have been classified, and 
their relative chronological order ascertained with an accuracy 
the most complete. The fossils, once thought to be the 
spontaneous generation of the earth, or the unsuccessful 
“Ноги of the Creator, аге found, in the language of Dr. 
Mantell, to be the medals of creation, so much so that 
scarcely an organic remain is exhumed but it can be at once 
referred to its legitimate place in nature's illustrated volume. 
In a natural могу of England, published about seventy 
years ago, says Mr. Richardson, it is gravely observed, “ that 
at Bethersden, in Kent, a kind of stone is found full of shells, 
which is a proof that shells and the animals we find in them 
living, have no necessary connexion.” Another amusing in- 
stance of ignorance on these subjects occurs in a history of the 
county of Surrey, in which it is stated that, in а search for coal 
near Guildford, the borers broke, and this was believed to be 
the work of subterranean spirits, who wrenched off the augers 
of the miners lest their secret haunts should be invaded. But 
the science has emerged from the incubus of superstition and is 
reduced to the foundation of facts. It has been demonstrated 
that each formation or stratification has a definite relative place 
in the series of rocks, as truly as a page has іп в book, so that 
if a geologist sces a rock and ascertains by its mineralogical 
structure and its contained fossils its place in the serics, he can 
prophesy with astonishing accuracy what sub or superstrata 
should be found. Fortunes have been spent in the search 
for coal in places in which it could never have been found. 
Fortunes, therefore, might have been saved if thcir owners 
had been in possession of 4 few facts of geological science. 
Chalk for manures, stone for building, and many other sub- 
stances, are often carried long distances, when they may some- 
times be found beneath one’s fect. All the strata with which 
the globe is covered were, of course, deposited horizontally. 
The wearing action of the seas and rivers, the weathering of the 
surface by pluvial and atmospheric causes, and other disin- 
tegrating forces, have prepared the way for the transport of 
materials previously consolidated, and the scas and rivers have 
been tho transporting agents. It will bo asked, if all strata 
were thus laid horizontally, how it is that we are enabled to 
examine so many of them, sceing that the greatest depth which 
the miner has reached does not extend toa mile? During and 
since the deposition of the various beds of rock the earth has 
suffered from constant volcanic disturbances, the mountains 
have been cast down and the valleys have been exalted, strata 
have been tilted оп thoir cdges, and, like a pack of cards, отег- 
turned. Неге we ride over the upturned edges of several 
formations, there we travel along the saddleback of only one 
upheaved stratum. The landscapes we admire, the hills of 
Scotland, the mountains of Switzerland, the slopes of the South, 
are the results of such operations. Largo as the convulsions 
may have been, and gigantic as their offects are, chaos has not 
been produced. If no upheavals had taken place, no depression 
occurred, all the mineral wealth of this and every other country 
had been hidden from view. Not only would the beauty of the 
earth havo been lost, but we should have been without the 
materials with which arts greatest triumphs havo been 
achieved. Iron and coal would Save been hidden in the bowels 
of the carth, and England’s greatest treasures undisclosed. 
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Now the different.beds of rock and other formations have, for 
the sake of study, been divided and named according to their 
position in the series. The old names were primary, secondary, 
and tertiary ; now we have abolished the primary, and several 
other alterations have been introduced, but it will answer our 
purpose to adopt just now the threefold division. I. will 
name the more important British rocks in their order of 
deposition, giving special attention to those which are em- 
ployed in the arts by the architect. The basis of all the sedi- 
mentary rocks is considered to be granite, and over it all 
the subsequent depositions have been laid. The term granite 
to the geologist means more than it does to the general 
student. It is the name given to a series of rocks which 
differ widely in appearance from that substance which is 
commonly known by the name of granite. True granite is 
compere of quartz, feldspar, and mica, but the proportions 
f these minerals differ considerably in the various granites 
of this kingdom. In some specimens quartz is predominent, 
in others mica, and in many feldspar. The admixture of 
hornblende, hypersthene, actinolite, stealite, tale, and other 
minerals gives a variety of names to compounds, we need 
not here mention. The flagstones and parapets of London 
and Southwark bridges give good illustrations of a feldspatic 
granite, the crystals being large and well-defined. Micaccous 
granite is known by its glistening white or brown scales, and 
quartzose granite by the prevalence of that mineral. Included 
in the granitic system are porphyry, serpentine, trap, «с. 
Fossils have not as yct been discovered in these rocks, but, 
as fire or intense heat have considerably modified them, it is 
possible that the evidences of the existence of animal or vege- 
table life have been obliterated thereby. The recent discovery 
of а microscopic organism called the Eozoon, in the Laurentine 
rocks of Canada, seems to tend to the belief that in time the 
existence of fossils even in the granitic rocks will be determined. 
Granite is the hardest and, perhaps, the most enduring of all 
stones ; its advantages have been recognised in all times. It 
is distributed over the whole world. Egpyt, Assyria, India, 
China present monuments which attest its excellence. In this 
country, Cornwall and Devon yield the greater proportion of 
granite used in England. The quarries are very large and . 
accessible, and the stone is ‘easily worked. e Channel 
Islands yield a granite hard and good, but expensively 
tough in preparation. Similar granite is obtained from 
Leicestershire. The choicest stone, however, comes from 
Aberdeenshire. The well-known Peterhead, with varieties of 
yer and grey, so much in vogue just now, comes from Aber- 
eenshire. Іп that district, however, the quarries are not so 
easily worked, and the cost of transit renders the employment 
of their stone, except for ornamental purposes, limited. Professor 
Ansted says that good ordinary granite has a mean specific 
gravity of 2°66, that the cubic foot weighs 1663 Ъв., and the cubic 
ard about two tons. Granite is of all ages, and not, as was 
ormerly believed, a simply primitive rock. It has been found 
in the Pyrenees, нА through the chalk.  Syenite 
granite, in which hornblende takes tho place of mica (accordin 
to Mr. Richardson), has been observed overhanging the chalk 
in Weinbohla, Saxony, and in Antrim, Ireland. Indecd, granite 
veins have often intruded themselves through granite rock of 
older date. These facts aro given because we shall have to 
allude to the subject of granite as a building material, and to show 
that it is not all gold that glitters, and not all enduring granite 
that looks like it and bears its name. It is enough to mention, 
amongst the igneous rocks which are called oleate in their 
origin, the names of greenstone, basalt, porphyry, lava, and tuffa. 
Greenstone is practically a varicty of syenite, the composition 
of which I have given. It frequently passes into syenite, as is 
beautifully illustrated in the head of Ramases, in the British 
Muscum, where the body is greenstone and the head syemte. 
Есиен from the Greek word (торффра) signifying 
purple, been used by the architect for ages as an crna- 
mental stone and an enduring onc. И is found of various 
colours and textures. Lavas are of different characters and 
bear various names, all, however, having the samo basis, but 
having passed through different processes in their ejection or in 
cooling. Tuffa is simply lava frothed up by the air, as dough is 
made open by сатһюше acid. Tuffa stone, в calcareous varicty 
of which is found in Pembrokeshire, is used as a building stone. 
Its durability, lightness, and freeness in working recommended , 
it to the masons of ancient times for filling up vaulted roofs, 
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and there is no doubt that in the restoration of churches, where 


time has weakened the foundation of arches, groined roofs, &c., . 


it might, on account of its lightness, take the place of heavier 
jaterials, especially in situations where the pressure проп it was 
not excessive. Ithasall the appearance of, and is, to all intents 
and purposes, stone. Of the metamorphosed or altered rocks 
which are next in sequence І shall state nothing, except that 
from them a beautiful crystalline limestone has been procured 
of the appearance of loaf sugar, and much prized for its purity 
by the sculptor. 

The Cambrian and Silurian rocks are the next important 
division. These rocks form the elevated range from north to 
south for nearly the whole of the western side of England, from 
Cornwall to Cumberland, reaching the height of 3,000 fect, and 

roducing all the d scenery of the lakes of North Wales. 

Fhe Cambrian rocks consist of slate rocks and conglomerates. 
The slates obtained from the Cambrian system are well-known 
from their e i smoothness, hardness, and grain 
qualities, which, for building purposes, give them their pre- 
eminence over slate from dier and more recent formations. 
Blate consists of successive layers of mud indurated by pressure, 
and probably by chemical action, hence the ease with which it 
сал Ж separated into sheets or slates of any thickness. The 
yield of slate can be increased to meet any demand. The use 
of slate, ornamentally, has not received the attention it merits. 
Mr. Mathews stated in his excellent paper on “ Materials most 
appropriate for London exteriors,” * that “ slate is a material 
that might be moro generally used in a decorative manner." 
Sawn, it might be used in panels, cornices, mouldings; the 
colour is good and will harmonise well with stone and brick. 
Enamelled slate offers а wide field for design. 

The Silurian system affords us Llandudno flagstones and 
limestones, some exceedingly fossiliferous and beautifal—pages 
from Nature's book illustrated by the originals. I cannot in 
these remarks venture upon what is called the Paleontological 
pert of the subject, $.в., the description of the remains of 
ancient life, however interesting, but I would remark that, in the 
employment of stones for ornamental purposes, there is seldom 
sufficient notice taken of the limestones which contain so many 
beautiful examples of Nature's handiwork imbedded in them. 
It is true that now and then we see а mantel or chimney-jamb 
of Derbysbire marble with beautiful examples of orinordians or 
corals ; Тə might not decorative art utilize to a greater extent the 
beautiful forms nature has afforded in these relics of the past? 
The Devonian, or old red sandstone, so called from the red 
colour, derived from peroxide of iron, consists of sandstone, grits, 
and marls, and limestones, amongst the latter some beautiful 
coralline marbles. The sandstones are of all degrees of com- 

ctness, and when of a slaty character are much used for 

eavy roofing. The next in importance is the carboniferous, or 
ooal-bearing series of rocks. m these formations England 
obtains her greatest wealth—coal and iron—which have proved 
to her of more value than the gold of Australia or California, or 
the diamond mines of Golconda. .Sandstones, shales, ironstone, 
milistone, grit, mountain limestone, and seams or basins of 
coal, make up the system. The beds of mountain limestone are 
estimated at about 1,000 feet of thickness; in these are found 
in great abundance ores of lead, zinc, copper, barytes, and some 
very fine marble, conglomerated, formed of the detrites of older 
rocks of the magnesian limestone, and the dolomitic conglome- 
rates of Yorkshire and Durham. The latter are the beds from 
which the stone used in the erection of the Houses of Parlia- 
ment was obtained, of which more by-and-bye. I may just 
remark, however, that as a building stone the magnesian lime- 
stone possesses the softness and facilities of working of the 
oolite with the hardness and durability of the more crystalline 
rocks. When highly crystallised it is termed dolomitic. The 
new red sandstone, which belongs to this group of rocks, con- 
sists of sandstones and marls coloured by peroxide of iron. 
The stone is too loose and friable to be employed for paing, 
and the only feature of importance is the enormous yield of гос 
salt and briny springs in this stratum. At Droitwich the salt 
rocks are the more remarkable in that it is believed that they 
were worked by the ancient Britons, and for 2,000 years have 
not ceased to yield a supply. We next come to the lias, com- 
posed of clays, limestone, 52. filled with fossils of many kinds, 
and rich in the remains of the formidable saurians of a pre- 
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Adamite period, the restoration of which by Mr. Hawkins, at 
the Crystal Palace, has excited the wonder and admiration 
of everybody. Тһе limestones have not proved durable for 
building, or indeed for any p e; as а road material, though 
very hard and apparently dade they are worthless; they soon 
ulverise, а84 the result is mud. The oolite rocks, so termed 
m the egg-like structure of some of the beds, are very im- 


portant ; the iy rmost bed, as the Portland rock, being unsur- 
passed as в building stone. Bath stone is the t oolite of the 
geologist, and is next in importance to the Po stone in this 


group. The oolite beds are numerous, consisting of limestones, 
shales, cleys, sandstones, and contain very many valuable pro- 
ducts—Fuller' earth for example. The has and oolite forma- 
tions extend themselves throughout the length of the country, 
from Portland in the south, to Whitby in the north. Next in 
order are the wealden formations, consisting of clay, sand, and 
limestones, formed by freshwater at mouths of e rivers. 
The Isle of Wight and the south-east of England are the great 
depositaries of these strata. The sandstones, having no cement- 
ing material, are useless for building oses, and the only 
beds it is necessary to name here are the beck and Sussex 
marbles. The former has been in use 88 an ornamental marble 
from time immemorial, chiefly in ecclesiastical edifices. There 
is scarcely an ancient cathedral or church of importance in this 
country, erected during the middle ages, in which this beautiful 
marble has not been employed. Sussex marble is similar to 
the Purbeck in composition; that is, it is composed of 2 
freshwater- univalve, not unlike a periwinkle, called a paludina, 
cemented together with lime sand. In the Sussex stone 
the shells are larger than in tho Purbeck. When polished 
either stone is very ornamental, and the Romans appear to have 
used it largely in their edifices. In 1723, whilst the foundations 
of the council house at Chichester were being dug, а slab of 
Sussex marble was discovered, on which was an inseription to 
the following effect. I quote it here because of its antiquarian 
interest :—‘ The college or company of artificers, and they who 
preside over sacred rites, or hold oltices there, by the authority 
of King Coridubnus, the legate of Tiberius Claudius Augustus 
in Britain, dedicate this temple to Neptune and Minerva, for 
the welfare of the imperial family, Pudeus, the son of Puden- 
tinus, having given the site." Bome of the coarser kinds of 
Bussex marblo are excellent for coping and paving stones, and 
are very durable. The chalk formation has iudi interest for 
the geologist and but little for the architect, but there are 
several points of interest that may be noticed. Chalk itself is 
nearly pure carbonate of lime mixed with numberlesa micro- 
scopic shells, the remains of larger specimens, and with more 
perfect fossils. The difference between chalk and marble is 
simply that in the former the carbonate of lime exists in а 
minutely divided state, and in the latter it is crystallised. This 
has been demonstrated by Sir James Hall’s experiments. By 
pulverising chalk, hermetically sealing it, so as to prevent the 
gases from escaping, and then exposing it to heat, the chalk was 
converted into a crystalline marble. Many efforts have been made 
to imitate nature іп this way. Thus, not long since, it was pro- 
posed to execute works of art, sculpture, an for archi- 
tectural purposes in chalk, and when finished to indurate it b 
chemical processes, so as to render it enduring as marble. 
certain amount of success followed, but the lines of the 
sculptor's chisel were wanting, the beauty of marble was not 
obtained, and in many ways the anticipations of the inventor of 
the process were not Carrara marble is а pure erys- 
talline condition of lime, and most of the choicest examples are 
as truly chalk; but we cannot, though we have all the requisite 
materials, produce from chalk Carrara or Parian marbles. 
Alabaster, which is a stalagmitic carbonate of lime, has been 
employed of late in architectural works. As an instanee may 
be mentioned the new church of St. Paul, by Mr. J. Newton. 
where the spandrils of the ribs are of alabaster. The best 
example of its use in ancient times is shown at the church of 
да Тор Де СБ оно ren suited for internal work, 
an t only in 8. exposure to moisture it very 
readily decomposes. One of the most curious applications ef 
chalk has just been made in the introduction oF 

which threatens to abolish all engraving of an inferior 

and for the illustration of books it a eminently fitted. 
Br drawing on the surface of а block of chalk with а кеу 
ink, which indurates where it touches, and with a те- 
moving the intervening spaces of chalk whieh have not bees 
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touched by the ink, an engraved block in relief, зо to speak, is 
at once produced, giving with absolute faithfulness the artist's 
own touches. A stereotype from it may now be taken and 
printed as from an ordinary plate. The tertiary deposits above 
the chalk consist of sandclay, friable limestone, crags, #с., and, 
lastly, we arrive at the recent accumulation on the surface. 
Thus briefly we have gone over the series of rocks which con- 
stitute the crust of the earth, and in some measure have seen 
the application made of these rocks by man in the arts. То 
more than mention the chief deposits would be impossible 
within the limits of this paper. e question of the relative 
merits of building stones, the causes of their decay, and the 
means of their preservation, have occupied the attention of 
architects and men of science for some time past. It is no 
mean inquiry, for, next to the designing of beautiful edifices, the 
durability of the materials of which they are to be constructed 
occupies a prominent place. Our forefathers, whether by 
chance or skill in selection, in a great many cases appear to 
have adopted stone of a more lasting character than that em- 
ployed in later times; and it is no small praise to them to 
acknowledge that, while buildings in this the centre of science 
and modern civilisation have shown symptoms of decay after a 
short existence of thirty years, their best works, some of them 
executed at a time when science and civilisation were under an 
eclipse, have stood the storms and winds and rains of centuries, 
and remain but little injured still. The reason why is the problem 
that can be solved in a great measure by the young architect of the 
present day in the way already pointed out; and I repeat, that 
to ascertain with accuracy the quality, the geologic age or for- 
mation, and from whence derived, of the stone employed in the 
most enduring architectural works, is the first E and to state 
the amount of decay, and the position in each building in which 
that decay has most shown itself, will be the best way to point 
out the rocks to be avoided and to suggest those that are 
desirable. Professor Ansted classifies building stones under 
the heads of granites, limestones, and sandstones, and the sub- 
divisions are those that can be worked only by the pick or b 
wedges, and those that can Бо worked by the mallet and chisel, 
the latter being called freestones. Let us look at these minerals 
in their application to building purposes. 

Ast. Granites. There are not more difficult materials to 
work with than ites; indeed, for centuries the architect 
rather shunned the strong material. Science, however, has 
come to the rescue, and by mechanical help great results are 
now obtained from the most refractory rock. While labour 
(that of slaves) cost nothing, granite, in early history, was 
selected for the images of gods, the tombs of kings, for their 
statues and temples, and for monuments of great cvents. 
Indeed, it was always employed in the erection of monuments 
that were intended to last for ages. In their choice of ite 
for these purposes the Egyptians were not mistaken. To this 
day the monuments of Egypt, nay, the hieroglyphs on their 


bases, are almost as fresh as if just from the sculptor's ehisel.. 


The cost of working, however, is still great, but as this cost 
decreases, as in time it must, we shall see more of it used in 
architectural work; not in the servile manner in which it is 
now the fashion to employ the red granite of the north, but in 
numberless instances where the wind and rain beat, and where 
it is so admirably adapted to withstand these influences. Іп 
this way it might prove a permanent and enduring assistance to 
buildings componed in other parts of more perishable materials. 
Granite сап now be obtained of so many different shades of 
colour that any building stone can be found to harmonise with 
it easily. The sculptor has tried to em loy granite in his art, 
but its mottled appearance and often faulty composition are 
sad inst it for fe purpose. It is needless to quote churches 
isd b dings in this country in which Че has been em- 
loyed in past ages. Nearly all of them show no symptoms of 
Ta , but іп some instances disintegration or decomposition 
bas taken place, and this from the selection of unworthy ex- 
amples of stone, for it appears that there are some ites no 
more proof against the weather than the poorest limestones. 
Hard and compact as granite nppears, it is, nevertheless, suffi- 
ciently open and porous to admit а considerable amount of 
moisture. absorption it will take up nearly 14 per cent. of 
water, and where disintegration takes place itis owing mainl 
to this circumstance. In a вае as admit water, and al 
do, frost employs its terrific force and separates partic 
particle kg surface is destroyed. Water conveys the 
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chemicals which exist іп the air to the interior, and by Не 
solvent power, due in a great measure to the carbonic acid it 
contains, decomposes all stones. To judge of the great power 
exercised by carbonic acid as a solvent, it may be mentioned 
that all the silica that exists in the vegetable world (and no 
plant can grow without it) is derived from the stones and flints 
of the earth, and absorbed by the microscopic capillary cells in 
the roots, but the solid silica could not pass through these cells 
and water, we know, will not dissolve flint. How then is it to be 
accomplished P The rain that falls collects the carbonic acid of 
the air, and acquires the same from the soil through which it 
passes, and in combination therewith it dissolves the flinty rock 
and stone, and thus conveys the necessary support to the roots 
of all vegetation. In the selection of granite for enduring pur- 
poses those in which the constituent minerals are most evenly 
proportioned are the best. Like small paving stones, each par- 
tiele seems to help the other, and the smaller the in the 
more completely is this the case. Large erystals of feldspar 
are i-e objectionable on account of their readiness to decom- 
pose. For ornamental purposes almost any granites are avail- 
able, many affording very rich combinations of colour, and if 
the surface be Pounce the weather has less hold upon it and it 
lasts longer. If granite be totally submerged in water and 
never exposed it will last unimpaired for ever, thus showing 
that water alone, without the agency of the air and decrease of 
temperature to the freezing point, will not materially affect it. 
The feldspar of ite is the most likely to decay. The well- 
know kaolin, or China elay, is nothing more than decomposed 
feldspar, a material which exists largely in Cornwall and Devon- 
shire, from which two counties 60,000 tons were exported in the 
year 1855. | б 
(То be concluded in our next.) 
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Fires, Fire Engines, and Fire Brigades. By Снавгкв Е. T. 
Youne, C.E., Mem. Soc. Engineers, Author of * The Economy 
of Steam Power on Common Roads,” &c. &c. London: Lock- 
wood and Co. 

SECOND NOTICE.* 


Ix introducing the subject of steam fire engines Mr. Young 
says, “Тһе manufacture of steam fire engines in England, as a 
ET branch of industry, is of very recent origin ; and although 
to England belongs the honour of having made the first steam 
fire engine so far back as 1829— when it was constructed by 
Messrs. Braithwaite and Ericsson, in London, by whom four 
more were made at a later period, all being eminently success- 
fal—yet, so strong were prejudice and other influences, that from 
1832 to 1852, no more were made in this country, nor was pub- 
lic attention directed to the matter.” That this should have 
been the case in a coun Prod, во practical, and disposed, 
in all instances, to treat things simply upon their merits, would 
be absolutely incredible, were not the fact patent to all who 
have taken the trouble to inquire into the subject. Un- 
fortunately the late Mr. Braidwood, although undoubtedly a 
thoroughly clever and practical man in the handling of the 
then ordinary appliances for fire extinction, was prejudiced in 
his views regarding the introduction of novelties, such as the 
substitution of steam for manual power, and we cannot but 
think acted towards the real pioneers of improvement, Messrs. 
Braithwaite and Коса with some injustice. 

We quote the following plain but suggestive remarks from 
Mr. Young's work: “Тһе late Mr. Braidwood was, from the 
beginning of his career in London until within a short period of 
his untimely end, a most strenuous and determined opponent of 
steam бге engines, ‘ because they were expensive, and there 
* was not sufficient water to supply them.’t Therefore, although 
‘admitting their great efficiency,’ they * were out of the question 
until a larger supply of water could be obtained; and then, his 
impression was, that when they came to have an adequate sup- 
ply for steam fire engines, & higher pressure could be given, so 
that they could work from the main without requiring the 


steam fire engines '" However, after all this, when the eon- 


* Bee ante, p. 183. 
t Bee Mr. Braidwood's Paper on ''Fires and Fire-proof Structures” in the 
С, Б. and A. Journal, vol, xix. pp. 197 and 228. 
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struction of steam fire engines was revived in England by Messrs. 
Shand, Mason, and Co.—who made their first steamer towards 
the close of 1858, and constructed one in 1860, which was hired 
by the London Fire Engine Establishment—we find that this 
engine seems to have been viewed with peculiar favour; for Mr. 
Braidwood wrote of it: “ That at large fires, beyond the reach of 
the steam floating engine, the land steam fire engine has been of 

at service. It is not only the large quantity of water which it 
throws (/) but tho height and distance to which it is thrown 
which makes it so valuable. At the same time it сап be worked 
as gently as an Ср engine.” : 

“Tt is curious to find that the objection so persistently urged 

ainst the use of steam fire engines from 1829 to 1856, viz., 
that they threw too much water, should іп 1860—2 bc esteemed 
one of their chief advantages; and that. too, by their most 
strenuous opponent! Itis difficult to assign а reason for this, 
since fires were as heavy in those days as at ‘the present, and 
certainly as likely to require ‘a large body of water’ then as 
now. r this we find Messrs. Shand, Mason, and Co., 
the ‘sole steam fire engine makers’ to the London Fire 
Engine Establishment ; at least, such is the case practically, as 
no other maker has been favoured with an order to construct 
them а trial engine; and when one was offered on loan by 
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another firm, it was declined. From this we should infer that 
the ‘Establishment’ did not desire to find out or employ the 
best engine, but to keep up and maintain & close monopoly in 
Steam fire engines with their favoured makers, regardless of the 
results of practical working or improvement; and by this course 
cannot be said or considered to до ог Бато done anything to- 
wards settling which is the best steam fire engine.” 

It would no doubt be a matter of somo difficulty to fully 
explain the causes of Mr. Braidwood's marked change of 
opinion here adverted to, and his subsequent persistent patron- 
age of one firm only. Very possibly, however, there were in 
this case, as we well know there have been in numerous govern- 
mental departments, influences at work which led him to judge 
with different eyes to the public at large. Ве this as it 
тау, it is very certain that, whatever ita merits or demerits, 
Messrs. Braithwaite and Eriesson's engine was set aside on 
grounds which were subsequently put forth as advantages in 
respect of an engine by other makers; and we cannot but sin- 
сегеіу regret that when a change occurred in Mr. Braidwood’s 
opinions, he did not at once allow those gentlemen a sufficient 
opportunity of competing for the business to which, in so far as 
we can judge, they wero justly entitled. Their first engine 
(Fig. 4) is thus adverted to :— . 


Fre. 4.—Tux Fisst Smax Fres ExGiwr, BRAITHWAITE Амр En1csson, 1829. 


The application of steam power to work a force pump, arranging the 
engine, boiler, pumps, etc., on wheels, so as to bo easily portable, and 
thus enable it to be readily employed as a fire engine, was first carriod 
out in the year 1829, by Mr. John Braithwaite, C.E., of London. In 
this year he construoted, at his works іп the New Road, in conjunction 
with Mr. Ericsson, an engine of 10-horse power, with two horizontal 
cylinders and pumps; each steam piston, aud that of the pump, being both 
attached to one rod. The waste steam from the cylinders was conve 
through the tank containing the feed water by means of two ooiled 

ipes, thus giving the feed water a good temperature previous to its 
Fane pumped into the boiler. Fig. 4 is an ongraving of the engine 
made from the drawings, under the өнрегішетделев о Mr. Braithwaite 
himself, as were all the engravings of his engines. Its weight coruplote 
was 45 cwt., and it threw from 30 to 40 tons of water per honr to a 
теш of 90 feet, having thrown well over a pole that height. Duri 
its five hours’ working at the fire at the Argyll Rooms, it threw we 
over the dome, and consumed 3 bushels of coke, This ongine worked 
with the test success at the fire at the Argyll Rooms, at Charles 
Street, Soho; at the burning of the English Opera House, and Messrs. 


~ 


Barclay's Brewery, besides many others of less magnitude; at all of 
which it rendered signal service in preventing (Ве fire from extending. 
For these gratuitous servicos, and the great outlay encountered by Mr. 
Braithwaite, he received but little patronage and support from the 
pu public; aud from tho insurance eompanies, who must have 

efited to the extent of some thousands of pounds by his exertions, 
he received the magnificent testimonial, presented to his men, of One 
Sovereign! 

Immediately after the fire at Messrs. Barclay's brewery, the engine 
was lent for several weeks to be employed in pumping and starting the 
beer from the different vats in tho establishment; a duty it well рес- 
formed, having to be kept at work day and night for one whole month, 
which it did without the slightest hitch throughout that period. 

During the fire at tho Argyll Rooms, the cold was so severe that the 
manual engines quickly became frozen and useless; but the steamer 
worked incessantly for five hours without a hitch, throwing its stream 
clean over the dome of the building. 


Mr. Young says, “In 1858 Messrs. Shand and Mason con- 
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structed their first land steam fire engine, on the patent of Mr. from the patent drawing, which shews the general appearance of 
Shand, which was sent to Russia. The engraving (Fig. 5)is the engine." 


Fic. 5.—Snaxp дио Mason’s Finst ENGINE, 1858. 


It is thus described in the specification :— double throw crank is placed between them. One or both of the pistons 
Ў Ва ў . , or plungers of the pump is fitted with a valve, and the piston rod of the 
According to this invention the steam cylinder which actuates the ^ steam cylinder is connected directly with the piston of the upper pump 
pump is inverted, and situate over the air vessel of the pump, which is barrel, which latter serves as a guide to the piston rod of the steam 
made double acting, one barrel being placed above the other, and a cylinder. А connecting rod from the upper pump piston connects it 


Fic. 6.—' вітав, MERRYWZATHER дир Boxs, 1961. 
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with the crank, while a second connecting rod connects the piston of the 
lower pump barrel with its throw of the crank. The slide valve of the 
steam oylinder is worked from eccentrics of the crank shaft outside the 

amps, and the lower pump barrel is enclosed in a suction air vessel, 
ноф with a separate valve if nec . А fly-wheel on the crank 
shaft and a feed pump are placed near the boiler. The whole is sup- 
ported on a carriage consisting of à suitable framing running on travelling 
wheels, and furnished with springs and locking carriage. In the centre 
of the hind axle is placed an upright boiler, the steam pump being 
situate vertically betwoen the front and hind axles, and behind tho 
driver's seat. Beneath the seat is placed the hose reel, or a box for 
containing the hose and implements. 

The description here given is not such as to enable any very exact 
idea to be formed of the engine: while the boiler, which is certainly а 
point of the most vital importance, is not described at all; neither are 
there in this case any resulta given of the engine's performance. We 
find, however, that with the next engine, noticed as having been con- 
structed by Messrs. Shand and Mason in 1859, very fair results as 
regards jets thrown are said to have been attained. After telling us 
that in the year 1860 Мг. J. Shekleton, of Dundalk, constructed the first 
steam fire engine ever made in Ireland, the author proceeds,—‘ In 
July, 1960, a land steam fire engine was for the first time used by the 
London Fire Engine Establishment in one of the back streets of Doctors" 
Commons, In point of ‘efficiency, simplicity, durability of 
weight, and cost, it was in no respect superior to Mr. Braithwaite's 
steam fire engine of 1829, while, in some respects, it was inferior to it. 
In a Report to the Committee the late Superintendent of the Brigade 
admitted that this engine ‘required delicate handling;' and so unsatis- 
factory upon the whole was its performance that at the end of ten 
months it was withdrawn, and replaced by one of a different con- 
struction, bearing a closer resemblance to that of Mr. Braithwaite. 

It is learnt from the evidence of the present Superintendent of the 
London Fire Engine Establishment that the weight of this first steam 
fire engine, with men, coals, and water, ready to run out, was 84 owt. 
= 4 tons 4 owt., and that it took three horses to draw it. 


The various steps in the progress of steam fire engine manu- 
facture thenceforth are most carefully noted, including the pro- 
duction of Mr. Roberts's “ Lucy,” the floating steam engine 


constructed by Messrs. Merryweather and Sons for the ware- 
house of the Tyne Docks, from the designs of Mr. Е. Field, C.E., 
the “ Deluge " land steam fire engine constructed in 1861 by the 


same firm from designs by the same gentleman, three steam fire 
engines in the same year by Messrs. Shand & Mason, to run on 
the rails of the London and North Western Railway and 
numerous others, but which our space will not permit us more 
particularly to notice in the present number. We subjoin 
engraving and particulars of the ** Deluge,” and hope in our next 
to continue our notice so as to enter into the discussion of some 
of the questions treated by the author. 


In 1861, Messrs. Merryweather and Sons constructed, from the designs 
of Mr, E. Field, С.Е., their first land steam fire engine, Ше“ Deluge," 
which was a perfect success. This engine was of 30-һогве power, and 
had a single horizontal cylinder 9" diameter X 15” stroke, and a double 
acting horizontal pump 64" diameter X 15” stroke, worked direct off 
the piston rod of the steam cylinder, doing away with crank shaft, 

Яу wheel, connecting rod, &c. 

Fig. 6 is an engraving of the engine. 

This engine has thrown water through a nozzle of 1j" diameter, 
10 feet over a chimney, 140 feet in height, altogether 150 feet; through 
a nozzle 12” to a height of 167 feet ; through a 12” nozzle to a height 
of 170 feet ; through а 12" nozzle to a distance of 202 feet horizontally ; 
and through а 11" nozzle 216 feet horizontally. 

(To Be continued.) 


-----ф --- 


STEAM POWER DOUBLED WITHOUT ADDITIONAL 
FUEL.—IS THIS POSSIBLE? 
To the Editor ог“ The Civil Engineer and Arehitect’s Journal," 


Ав PROGRESS in the arts requires us to advanco from empirical 
and ial to rationaland extended applications of science, 
occasional recurrence to first principles, if not always requisite, 
is often indispensable. For Tack E: appealing to them, errors, 
zand oversights equal to errors, are apt to become established, 
itil their real character is not пори. and hardly believed 
when pointed out. So it has ever been and will be. Referring 
to beet and cane sugar, в writer announces that the juice of the 
cane contains double the quantity of saccharine crystals ex- 
tracted from it—that quite as much is lost in the pri 


manufacture as reaches the market. Passing by other examples 
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of thoughtless waste, the same may be said of а product vastly 
more important to commerce and the world at large than the 
richest of saccharine plants—stzam rower. Of it the high- 
pressure or non-condensing engine is the popular representative, 
and strange to say, the Page positively contains double the 
amount of power which the best class of such engines draw or 
ever can draw outof и. Hence, if operatives of the last century 
are rightly considered dullards for wasting materials, what in the 
next one may not be said of us who, after evolving with costly 
Apparat the most valuable of motive agents, discharge it into 
sinks and sewers, or the air, with its power in азала 
out as worthless dross that in which there is not an atom 0 

refuse or alloy. Expert and alert as we are in many things, we 
surely shall not be thought adepts in economising that which 
gives value to every material. 

But are there not engineers who deny that anything like во 
much power is lost in waste steam? Yes, I think all with whom 
I have conversed emphatically dissent; and yet the fact appears 
as clear to other mri as that they exist, and, furthermore, that 
tho allened amount, so far from being an exaggeration, is largely 
under the truth. Doubtless the views of practical men should 
command respect; but crucial tests and natural laws, not human, 
opinions, are required here. Truth in too many things is obscure 
because not decmed worth the trouble of clearing up, but in в 
matter of such importance to advancing civilization as this it 
ought not to be left an hour in uncertainty. Nor need it be. 

e subjoined propositions cover the whole ground, and what 
follows them will, it is presumed, suffice for their demonstra- 
tion:—1. In all cases there remains ағ тисА power in the 
dischargo steam as it imparted to the piston, however t that 
may have been. 2. In most cases more power, and in some 
cases double the power, may be obtained from it. 

As I wish to address others beside professional men, a pre- 
liminary obsorvation or two will not be out of placo ; for,though 
the subject is becoming an item of college education, few 
look into it, and general ideas reach little beyond the external 
features and movements of an engine. There is nq reason why 
this should continue, nor will it, since whatever is uncertain 
about steam vanishes when thoroughly looked into, and every 
person of ordinary capacity can do that. Ita rties are as 
palpable and plastic as those of other bodies. It is weighed in 
the same scales, and Из quantities ascertained by the same 
measures as liquids and solids. A pound of it is в pound of 
water vaporised. The mode of using the measures is somewhat 
differont, but not less rigid and correct. One holding a cubic 
foot of water has to be emptied and filled afresh till tho number 
is made out; whereas with steam several feet are gencrally 
contained in the space of ono, the number being indicated by the 
pressure—hence pressure and quantity are complements and 
explicativos of each other. Ав volume increases pressure di- 
minishes, and vice versa, the quantity remaining the same. 
smaller volumo may comprise the larger: thus five cubio feet of 
the pressure of 40 ibs. оп the inch contain ten feet of 20 lbs., or 
twenty feet of 10 lbs. all three equivalents in cost, weight, 
quantity, and power. 

These remarks are introduced to enforce the imperfectly ac- 
knowledged truth that the power of steam is increased only by 
increasing its quantity just as more heat is obtained by con- 
suming more fuel, more light by turning on more gas, and as 
the force of а gun is increased by adding more powder to the 
charge. Hence, to double or treble the power of steam in & 
boiler, double or treble the quantity must be generated in it, 
for there is no increasing the na: force of the fluid. 

As a source of m ical power the atmosphere is littlo 
thought of, and still less as the recipient of all forces—Nature's 
receiving and reacting reservoir. А perfectly clastic medium, 
it softens the effects of the most violent, and responds to the 
smallest. To say nothing of natural forces, of which, as in the 
case of wind, inconceivably minuto fractions only have been used, 
the steam incessantly rising from human applications of heat to 
water would, if рач ae | under pistons, yield a productive 
power equal to the muscular energy of miluplied millions of 
men and horses, while we of the present age are responsible for 
recklessly contributing vast additions to the waste. I do not 
allude to what ascends from domestic habitations and manufac 
turing processes, but to the volumes discharged from motive 
engines by those whose profession it is to apply force, and the 
best of whose skill is to economise it. inference 
can hereafter be drawn from our employing the force that 
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expands а volume of water into 1,750 volumes of vapour, and 
neglecting that which is evolved by the shrinking back of the 
1,700 into one? What, but that the fact was either not known 
or overlooked that tho negative force in fluids is equal to the 
positive. 

Nearly all the world knows that a cylinderfal of steam is dis- 
charged from а high-pressure engine at every stroke of the 
piston, and that from the rapidity of the strokes and the high 
iemperhture of the fluid, little 1s lost in passing through the 
cylinder. Now, does every puff of the escaping vapour contain 
or not an amount of ее it imparted to the 
piston; in other words does its shrinking back into water give out 
power equal to that which raised it out of water, and as fully as 
a falling weight gives back that which raised itP The answer 
bas just been anticipated, for the question is nothing less than 
an a to the law which governs every form of force and every 
mode of application—the fundamental law of action and reaction. 
According to it the two forces are absolutely and inevitably 
equal It is impossible for опе to be less than the other. The 
are simply contractions and expansions, equivalents to е 
other. To exemplify: A high-pressure engine has a piston of 
the area of 50 e inches, and is worked with steam, say of 
90 Ibs. to the inch, Цецка 50 x 60 = 3,000 lbs. of steam pressure. 
Now if the fluid, instead of being discharged, were condensed 
under another piston, it would produce precisely the same 
result; thus, steam of 60 lbs. contains four volumes of common 
steam, and would dilate and fill а cylinder with a piston of 200 
inches area, both cylinders of one length; hence its condensa- 
Вап would excite an atmospheric pressure of 200 x 15 = 3,000 
ibs. So much for the first proposition. 

If the qi i Ld isa ne te conflict with ue first it only 
appears во. inde: of common steam has no expansive 
foree or direct acon опа piston, but is all that is required to pro- 
duce а vacuum under one; so that while the two forces are 
theoretically equal, the contracting one is practically the most 

roductive. More power—1b lbs. on the inch more—is obtained 
condensing steam of two atmospheres and upwards than its 
ct action can give out, because the expanding force acts 
inst the atmosphere, and therefore loses (expends without 
return) 15 lbs. on the inch, while the contracting one, coinciding 
with the pressure, gains that much. Hence engines working 
with 30 Ibs. steam, or a pressure of two atmospheres, givo out 
only the force of one; with 60 lbs. steam the force is that of 45 
Ibs.; of 90, that of 75 lbs., and во оп. The term “most cases " 
in the proposition might be changed for “all cases," and the 
“ some cases” scarcely needs а formal exposition. An engine 
with а piston of 50 inches area, and using 301lbs. steam, has, of 
course, an available force of only 16 lbs. steam; hence 60 x 15 
= 750 lbs. of steam pressuse ; but the same steam condensed 
under а piston of 100 inches area would yield double that amount 
in atmospheric pressure ; it would be 100 x 15 = 1,500 lbs. 

Perhaps it be said this is no new discovery. Granted; 
but it is а great truth, novertheless, and one hitherto overlooked 
or not appreciated. Adopt it and it will be found singly 
more effective and profitable than the numerous wire-drawings 
of subordinate devices. 

"What is the expense of thus saving waste steam Р As Ше 
force of a high-pressure engine is deemed to be worth much 
more than the fuel it costs, an equal additional amount should 
be held cheap at the same price. Instead of that, however, it is 
offered as much cheaper as cold water is cheaper than coal. 
The a wen consists in the application of that which mey almost 
everywhere be had for nothing. To decline the advantage 
offered is to prefer partial results at a great cost to full results 
ata smaller one; but when the ТЕКЕ productiveness of the 
ahrinking over the swelling force becomes generally known, it 
will scarcely be much longer neglected. With a separate con- 
denser, the judgment that consigned Newcomen’s engine to 


desuetude have to be revised. 
To save steam er is to save that which is more valuable 
than silver or gold. To be careful of evolving and parsimonious 


in expending it is a virtue—to waste it, а crime. Its economy 
has relation to the welfare of nations, and henceforth their rise 
and decline will be influenced brit gorea Pan та 
a ject af increasing anxiety with European statesmen, — 
лем ctive exhaustion of Balen cool falda. The cost of the 
world’s steam power in coal is enormous, and is rapidly increas- 
ing. To lose half the power in steam is to waste the fuel. 
To save steam is to save coal; and to double the available 
power of steam is to save half the coal. 
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And yet 50 per cent. seems less than what onght to be saved. 
In the first part of this paper it is declared that steam contains 
more than double the power got out of its direct action; and it 
тат пот be added that not more than one-third of it has been 

ised in either condensing or non-condensing engines. This 
fact, no doubt incredible to many, is incontrovertible. (See 
Journal of the Franklin Institute КЕ July, 1865.) 

Another point shows that, instead of өренге the fature in 
making the most of our steam, we are lamentably in the rear. 
It is stated that 90 per eent. of the heat із lost in waste steam. 
To common observation it would ap never to be less, as the 

iston acts but as a momentary check to the fluid’s е 

m the boiler to the ane pipe: Of course every article 
dispersed carries off power; and to save it every particle must 
be liquified within the engine, for the power the vapour 
live and expire together. 

The mode proposed to utilise the whole force consists princi- · 
pe in min Sy atmospheric cylinder to the steam cylinder, as | 
much larger than the latter as the tension of the steam used is 


. above atmospheric pressure, as in the specification and draw- 


ings of Benjamin Laurence’s English patent for increasing the 
mechanical value of steam as a motive agent, dated March 17 
1865. omas Етвамк, 
Late U.S. Qommissioner of Patents. 
New York, June 5, 1866. 


ROOF OF CRYSTAL PALACE, SYDENHAM. ' 
(With an Engraving.) 

Ix this Journal for April last a paper appeared upon Arehed 
Roofs, by C. R. Von Wessely, containing, among others, a 
description in detail of the Sydenham Crystal Palace Roof (see 
page 107 ante), accompanied by an illustration (Plate 14) of the 
roof of the centre transept. e now supply a plate of details 
of one rib of that roof, and would refer our readers to the deserip- 
tion at page 107 of the April number, for particulars of these 
details, in addition to the following references to the plate now 


given :— 
(References to Plate 25.) 


Fig. 1. Detail of distance struts. 
Fig. 2. Detail of springing of main rib. 
Fig. 3. Shoe for connecting hanging rods from 6ft. purlins to 
m ЕҚ құлдан rafters. м пи 
ig. 4. oe for connecting hanging rods from 3ft. purlins to 
i intermediate ав. ü 
Fig. 5. Detail of diagonal bracing between ribs 24 feet apart. 
A. 7 a en. TEMA 
в. Wrought-iron lin. square, on hot. 
General arrangement of connection of main rib with pur- 
lins, and of skylight.—Theso main ribs are arranged in 
pairs 24 feet apart, and between each pair there is an 
interval of 72 feet. 
Section of gutter and of intermediate rafter. 
с.о. angle-irons, 2in. by 2in. by din., $in. rivets. 
D. jin. plate. 
Fig. 8. Detail of gutter at outlet, shewing outlet, bracket. 
Fig. 9. Detail of ornamental joint-cover at intersection of the 
diegonals with radial struts. 
Fig. 10. Detail of ornamental joint-cover at intersection of the 


diagonals only. 
Fig. 11. Detail of shoes for rib rafter. 
Fig. 12. Sectional plan of ditto. 


Fig. 6. 


Fig. 7. 


——— 


WILLIAMSPORT SUSPENSION BRIDGE, 
U.S. AMERICA. 
Bx Агғвер P. Borer, С.Е. 


Tus bridge crosses the Susquehanna River at the foot of 
Market street in the above city, and at a роіші where the river 
is nearly 1000 feet wide. It was thrown for travel 


during the Бешти of last December, the former 
wooden bridge which was entirely swept away the great 
flood of the previous March. The whole bridge cost less than 


40,000 dols., and its construction occupied about four months. 
The cables supporting the structure festoon the river, as it were,. 
im five spans, each 200 ne the interm Урна вана 
testing upon the masonry ormer piers. | 1 

of bridge is known as Ше “Murphy Military Suspension 
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Bridge,” embodying some marked improvements and advantages 
which will appear further on. 

The Cables, having а common versed sine of 20 feet, consist 
of five wire ropes for each side, of an inch and в quarter 
diameter, and are continuous from anchorage to anchorage. 
They were hauled over from one side of the river to the other 
by means of a windlass, and raised to their positions on the 
towers by ordinary block and tackle. The whole ten were 
stretched over tho river and adjusted to place in little less than 
а week's time. The ends of de cables are secured in forged 
wrought iron thimbles, the wires being frayed out by means of 
tightly driven вргадв, the interstices remaining being filled with 
lead poured in, and well ered. The thimbles aro con- 
nected with the turn-buckles, which are 18 inches long, by 
means of forged inch and three-quarter bolts, with eyes on one 
end, and swivel-heads at tho other. The turn-buckles screw 
upon 2 inch rods, which pass entirely through the masonry. 

The Anchor Masonry is below the line of cables and above 
the foundation proper, a ingenium in form, 15 feet long in the 
line of slope, the front {все being 8 feet 3 inches high, and the 
back 2 feet 8 inches. m this slope the anchor irons, con- 
sisting of five 2 inch , were 1814, and solid masonry 8 feet 

igh built upon them. The uniform width ofthe anchorage is 
8 feet. The whole masonry is built of heavy flagging stones, 
6 inehes thick and upwards, and is thoroughly grouted from top 
io bottom. Esch anchoring mass contains thirty-six perches of 
masonry. The pressure is distributed over the masonry by 
means of four vertical 7 inch Phoenix beams, against which and 
at their centre two parallel and horizontal 9 inch beams bear, 
separated enough to let the ends of the 2 inch rods pass between, 
and cast iron washers, for the nut to be screwed up against, 
complete the fastening. 

The Towers, 27 feet high, supporting the cables, are in the 
formi of a frustrum of a pyramid. battering at the rate of one 
inch to the foot. They are built of white pine 12 x 12 posts, 
mortised at their base into sills 12 x 14 resting upon the tops of 
the piers and abutments, which sills are connected at proper 
intervals by ties mortised into them. The hollow spacos 
between the sills and ties are filled in with cement masonry. 
These sills are continuous, 4.6. each pair of towers is framed into 
the same set of sills. The legs of the towers are stiffened by 
having ties mortised into them and pinned with oak pins. The 
caps are mortised into the tops of the posts, the shoulders of the 
mortise being made square with them. Resting upon these caps 
are the saddles, also of white pine, in three pieces; the centre 
one of which (16 inches deep) is bolted into each cap by one inch 
bolts. Each pair of towers are united together at the top by 
means of a 10 x 12 tie beam, bolted to the under side of the 
caps by means of the same bolts that secure the centre saddle 
pieces. Aninch and a half bolt passes through each pair of 
caps for attaching the truss rods to. 

Roadway is 18 feet wide in the clear, and is attached to 
the cables by means of white pine posts, 7 inches square, hung 
together, in pairs, with an inch space between them for the 
truss rods to pass through. These suspenders are so arranged 
as to divide each span into ten panels, all of which are 20 feet 
from centre to centre. These suspenders have a slightly greater 
batter than the legs of the towers, so as to slope towards the chord 
line of the cables when freely suspended. The cables are spread 
in passing over the towers, but cluster at the suspension posts, 
passing between them, and bear against oak saddlos sunk into 

s in the posts, and an inch bolt passing through both posts 
and saddles completes the attachment. Nine inches from their 
lower ends, the posts are c d by two floor beams, 6 x 14 
each, bolted to them, and running far enough past tho posts to 
support foot-walks on either side. These floor-beams support 
the stringers. 

Tho outside sring ers are packed chords, bolted to the floor- 
beams, and are packed іп two pieces breaking joint, each piece 
being 5 x 12 inches scantling. There is one joint for each 
panel, which joint is always over a floor-beam. The three 
inch plank that composes the flooring is laid upon these string- 
ers and spiked to them. The sway or lateral bracing is formed 
of 1} inch rods in four pieces to each panel, иа from the 
upper series of bolts that fasten the floor beams and the posts 
together, to which they are attached by means of an eye, and 
through which the above described bolts pass. At the point 
where they would intersect they аге cut off, passing into a rin, 
of half-inch flat iron, ngainst which the ends are screwed up an 
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adjusted. The truss rods pass between the pairs of suspen- 
sion posts, and are all of one inch round iron. For three panels 


each way from the towers, the tops and bottoms of the suspen- 
sion posts are connected directly with the bases and кр of 
towers. The rods of the last panels (those that incline down- 
wards) are secured to the bottoms of towers on their opposite 
sides ; in other words, they pass through the nearest ee of 
the towers, and are screwed up against the legs on the further 
side. They thus act as an additional tio and stiffener for the 
bases of the towers. The ends of the truss rods are screwed up 

ainst oak blocks, Rearing адашы the floor-beams and the feet 
of the suspension posts. order to allow for the stretching of 
the cables, a camber of 12 inches for each span was framed into 
the bridge, and adds very much to the general appearance. It 
is intended eventually to put the foot-walk on, to pass through 
the towers and provided for in construction in the elongation of 
the floor-beams. The railing will be a substantial Howe truss 
4 feet high. At present the bridge is subjected to a heavy 
amount of traffic, such as stone, lumber, cattle, etc., and it gives 
evidence to a surprising degree of stiffness due entirely to the 
peculiar m of iota in ing the verticals act by 
thrust, and the diagonals by tension. is general е- 
ment for suspension bridges was first practised by Mr. Joke 
Murphy, C.E., over the Gauley, in West Virginia, and also at 
Franklin, Pennsylvania. But he used his CI ie to truss 
each pancl separately, instead of trussing panels by attachi 
the diagonals to fixed points, as is the case in the above- descri 
bridge, where the diagonals are secured to the towers for siz 
panels out of ten in each span. Without the aid of the trussed 
railing, the effect of a heavy team passing over the bridge can 
hardly be felt until it strikes the span that we may be standing 
on, further than the slight tremor inseparable from all bridge 
superstructure, especially those of the suspension class. With- 
out considerable modifications, the above construction for 
Ruspension bridges is inapplicable to spans much above 200 
feet.— Franklin Journal. 

“---Ф-- 


New Arrangement of Bar Vice.—At a recent meung of the 
Franklin Institute of Philadelphia, a new arrangement of parallel 
jaw or bar vice, the invention of Mr. Linus Yale, was described. 
his tool is designed to obviate a difficulty cxisting in all ordi- 
nary vices, the jaws of which are moved by a screw, viz.: the 
time lost in opening and pedes aly jaws by the tedious process 
of turning the screw. In some kinds of work, such, for instance, 
as the manufacture of locks, the case of the lock requires to be 
held edgeways, and then flatways. This necessitates the jaws 
being opened: through considerable distance, and then closed as 
each change is made in the way of holding. Mr. Yale, іш 
page his workmen at this kind of work, found that 12 per “ 
cent. of their time was spent in screwing and unscrewing the 
vice. This instrument has а nut and screw with the bar, ss 
usual, but the nut is notalways attached to the bed or stati 
jaw of the vice. To this jaw, in the under part of the guide, is 
a rack with ratchet teeth. The nut is square, and has teeth on 
its under side corresponding to Ше tecth in the rack. The nut, 
when screwed to the back end of the bar, rides up an inclined 
plane, which so elevates it above the rack, that its teeth cannot 
engage thercin. In this position the moveable jaw can be pushed 
back and forth, i. e., opened or closed rapidly by hand without 
turning the screw. Placing a piece of work in the vice, as, for 
instance, a piece of wood about three-eighths of an inch thick. 
the jaw can be pushed quickly up to it, and then one turn of 
the screw draws down the nut into the rack teeth, and a part of 
а turn will secure the work as firmly as if screwed in an ordi 
nary vice. The same amount of back turns of the screw release 
it, and then the jaws can be opened wide to receive the block 
edgeways. With about three inches open, one turn will agam 
fasten it. Тһе vice can be used as an ordinary vice, by draw- 
ing out the moveable jaw to any ашта distanco, and then 
pita J it all the way home. It will, within the range just 
referred to, act as if the nut was fast to the stationary jaw. Tbe 
rack in this vico is not rigid. It has a spring back of it ю 
arranged as to allow one-eighth inch end motion. This enables 
the workman, when filing to a template, to adjust his work to 
the template with a slight pressure of the jaws, the moveable 
jaw being elastic, as it were. It can be pulled back about one- 
sixteenth of an inch, yet the work is held firm enough to adjust. 
Workmen will appreciate this; for they are aware that in s 
rigid vice the work must be cither very fast or very loose. 
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ST. ANDREW'S COLLEGE, BRADFIELD. 
(With Engravings.) 

BRADFIELD, a village a few miles south of Pangbourne, on the 
Great Western Railway, and situate among some of the most 
delightful scenery of Berkshire, is especially worthy of the visit 
of the architectural tourist. on account of its quaint old parish 
church, and the college which almost adjoins it. The latter 
subject is illustrated to some extent by the accompanying view 
and plan. The original “college” (which is a comparatively 
modern institution) existed in the building about the centre of 
the plan, and was of a homely character. By degrees, however, as 
the institution flourished under the energetic management of its 
warden, other portions were successively added, from the designs 
and under the general superintendence of Мг. G. Gilbert Scott ; 
further works are yet contemplated, as indicated in the view. 
Of the more important additions may be mentioned the large 
“ dining hall,” which, with its open timber roof, has quite a 
medisval aspect; several masters’ rooms; an extensive wing, 
and other portions executed in half-timber work ; and a “ sana- 
torium," detached from the other buildings, the walls of which 
are of red brickwork, with black-hender patterns. It is now 
proposed to complete an extensive quadrangle by the erection 
of a large school-room and class-rooms, with a series of“ studies.” 
At one angle of this plan will be a “library,” constructed in half- 
timber work, with rich barge boards, the design of which is 
based on that of the old town-halls of the west of England. The 
lower part will be open, so as to serve for shelter when required. 
Ша ps of this, as well as of the other additions, will be covered 
with tiles. 


——.9——— 


PUBLIC MONUMENTS IN BELGIUM. 


Tue Belgium authorities exhibit great regard for their public 
works of artand monuments. À central commission is entrusted 
with their keeping and also with the consideration of all 
questions, theoretical as well as practical, touching their pre- 
servation. The report of the proceedings: of this commission, 
embracing rather more than twelvemonths’ labour, has recently 
appeared, and deserves attention. 

t appears that the commission has more than twelve hundred 
subjects before them; that the project for the restoration of 
public works presented to them included nearly two hundred ; 
and that the works undertaken in consequence absorbed nearly 
£120,000. In addition to this the commission had to examine 
more than two hundred other projects for new buildings, and a 
still larger sum was expended: on that account. The funds to 
meet, these expenses were contributed partly by the Government 
and partly by local authorities. . 

The report refers to the efforts mado by the commission to 
clear away all buildings abutting on churches, as a precautionary 
measure, as well as in the interest of art. It was found on 
inspection that the inhabitants were in the habit of cutting away 
buttresses, undermining walls, and injuring foundations by the 
sinking of wells. 

Under the head of the decoration of religious edifices the 
report mentions the discovery in mar churches of old mural 
paintings, covered up forlong years beneath coats of paint or 
whitewash. Extensive decorations are proposed to be executed 
in old buildings ; and amongst others the church of St. Jacques- 
sur-Caudenberg is to be commenced next year. Amongst other 
useful services done or proposed to be done. are the creation of 
a special atelier, under the auspices of the Government, for the 
restoration of ancient paintings, the formation of a complete 
catalogue of the works of art existing in public bnildings, and 
the repair of the old gates of the town of Antwerp. 

An interesting portion of the report is that wluch records the 
discussion by the members of the commission of several 
important questions submitted to it by provincial committees in 
communication with the central body. The Committee of 
Brabant proposed, first, that every artist submitting a plan for 
the restoration of a public monument should be required at the 
same time to furnish a memoir in support of his proposal; and 
secondly, that in the case of new buildings the commission 
should confine itself solely to the consideration of the estimates 
and the solidity of the construction, leaving the entire responsi- 
bility, in an artistic fe of view, with the artist himself. Tt is 
not surprising that the novelty of the propositions should have 
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met with considerable opposition, and that the opinion of the 
majority was averse to both ; it being argued against the latter 
that the commission, in renouncing control over the esthetic 
value of the plan submitted to it, would be giving up its most 
important prerogative. It should be mentioned that the com- 
mission is only empowered to discuss the subjects submitted to 
it, the decision being left to the Government. 

Another proposition was that a series of general instructions 
should be drawn up on the restoration and preservation of public 
monuments, and transmitted to all the administrations charged 
with such duties. This subject was discussed at length. One 
member considered that the reproduction of the very complete 
instructions published in France by the Committee of Monu- 
ments would be all sufficient. In opposition to this it was argued 
that Belgium was in a peculiar archeological position; that she 
was, as it were, at the confluence of various styles, and the 
restoration of many of her monuments would present many 
points which had not been provided for in the French instruc- 
tions; that many excellent architects were not archeologists ; 
and it would be useful therefore to establish certain general 
rules for the restoration of monuments іп different styles; the 
architect who planned a new building should be left absolutely 
free, but it was not so when the restoration of an ancient 
monument was in question ; in such a ease his duty was to con- 
form rigorously to the idea of the author of the work. The 
opponents of the proposition argued that architects were already 
far too much trammelled, and that, with the exception of the 
material parts of the construction, no general rules could be 
laid down. The only useful instructions would be such as were 

iven to the architect in cach individual case. On the. other 
d it was urged that the intention of the proposal was not to 
interfere with the independence of architects. The instructions 
would not be for them alone but for local administrations, for 
ecclesiastical authorities, and for all those who are occupied, 
directly or indirectly, with the preservation and restoration of 
public monuments. 

A proposal was made for the establishment of a central school 
of architecture at Brussels, but it was opposed upon the ground 
that such a measure would tend to diminish the attention paid to 
architecture in the academies, and to centralize the study. Other 
members of the commision, on the contrary, agreed with what 
had recently been done in France on this boat and supported 
the proposition as tending to strengthen architectural teaching, 
which in the academies was very incomplete. 

Several questions set down for discussion on the programme of 
the commission itself were of general interest. The first was:— 
Whether, in order to preserve archeological traditions in all their 
purity, a distinction should be drawn in certain cases between 
ancient monuments and additions which have been mado to them 
at various times. It was stated, in a memorandum attached to 
the question, that the new portions of buildings erected in past 
ages, were distinguished from the older parts, Іп consequence of 
the gencral practice of complcting an edifice in the style in use 
at the time of such additions, without consideration of the original 
style of the building. This statement was contested, and instances 
were quoted in which the new portions of ancient buildings had 
been built in the style of the original epoch. The result of the 
discussion was to draw forth an admission that the statement 
appended to the question had been couched in terms too absolute, 
and that certainly if, in past times, architects entrusted with the 
completion or extension of buildings conformed to the original 


‘style, such practice was quite exceptional; in far the greater 


number of cases, the new constructor took no heed of the. older 
arts. 
j Another question set down for consideration was—In what 
case may an artist, in decorating a medieval edifice, either by 
painting or sculpture, give to his figures costumes differing from 
those of the epoch to which the edifiee belonged? It was 
asserted, on the one hand, that the figures might be dressed in 
the costumes which they really wore; and, on the other that 
the costumes should be those of the time of the erection of the 
edifice, no matter when the persons represented may have lived. 
The commission, however, adopted the following view of the 
сазе :— That there were distinctions to be made as to the course 
to be taken, which could not be stated in absolute terms; when 
the work to be done was the addition of new to ancient statues, 
in order to complete the sculptural decoration of an edifice, it 
was the duty of the artist to reproduce even the anachronisms 
committed by the ancient artists, but that in the case of edifices 
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having no sculpture, or of new buildings, the costumes adopted 
should be those of the time in which the personages lived. 

The fourth question set down for consideration had reference 
to the duty of the Government as regards the preservation of 
private houses presenting a public interest, either in an artistic 
or historical pcint of view ; but as the Belgian Government had 
already taken the initiative in this matter, the subject was 
allowed to drop. 

The remaining question was whither an architect entrusted 
with the restoration of a building should be specially remune- 
rated for drawings of the building in its former condition, in 
order that the State might become possessed of such drawings, 
which might be engraved and published on a uniform plan. 
This interesting subject was, however, adjourned to next year. 

The discussion of subjects touching so intimately the pre- 
servation of the edifices and works of art of past ages shows 
how lively is the archeological sentiment in Belgium. 


a — 
THE NEW GRAND OPERA HOUSE, PARIS. 


Tux works of the new opera are proceeding sufficiently rapidly 
for the proposed inauguration, on New Year's Day, 1869. Тһе 
sum said to be devoted to the purpose is one million sterling, of 
which three-fifths, if not more, have already been expended. It 
would perhaps be a little hazardous to say that there will not be 
required a certain postcript to the estimates. The employment 
of the twenty-five millions of franes is thus apportioned:—For 
iron work, two millions; marble, eight millions; sculpture, and 
other works of art, fifteen millions. Of course thisis buta rough 
division. 

The paintings in the interior are to be entrusted to MM. Baudry, 
Boulanger, Barrias, Delaunay, Gérôme, and biis. It is said that 
the designs for these internal decorations, which have been sub- 
mitted to the judgment of M. Garnier, the architect of the work, 
amount to several thousands in number. 

The list of the statues and busts which are to decorate the ex- 
terior of the building and the vestibule is published officially. 
On the principal facade will be medallions of the composers, 
Cimarosa, Pergolesi, Bach, and Haydu. In the grand vestibule 
four seated statues of the four chiefs of the schools of Italy, 
France, Germany, and England—Lulli, Rameau, Gluck, and 
Handel. 

In the seven ails de beuf, or small circular windows, are to be 
seven bronze busts, gilt; the centre will bethat of Mozart, born 
1756, and those of ilio other composers will be placed on each 
hand according to the dates of their birth; thus to the right of 
Mozart will be Beethoven, born 1770; Auber, 1782; and Rossini, 
1792; and on the left Spontini, 1774; Meyerbeer, 1794; and 
Halévy, 1799. On the return of the facade busts of two libret- 
tists—Quinault and Scribe. On the two lateral facades are to 
be placed twenty-four busts in chronological order. On one 
side Monteverde, Durante, Jomelli, Monsigny, Gretry, Sacchini, 
Lesueur, Berton, Boieldieu, Herold, Donizetti, and Verdi; on 
the other Cambert, Campra, Jean Jacques Rousseau, Philidor, 
Piccini, Parsiello, Cherubini, Méhul, Nicolo, Weber, Bellini, 
and Adam. In one of the foyers are to be placed busts of cele- 
brated architects, or others connected with opera. 

Among the sculptors employed are M. Carpeaux, whose fronton 
for the Pavillon de Flora of the Tuileries has attracted so much 
well-deserved admiration. 

Respecting the decoration of the interior, it is reported that 
M. Meissonnier has mado proposals for li parii g from his micro- 
graphic style and executing colossal works on the walls of the 
salon in the rear of the Emperor's box. 

The following are the нае of the new opera house. 
The stage is in all more than 166 feet in height, the space being 
divided equal between the stage proper acd the spaces below 
and above, giving 55 feet toeach. The stage will be nearl 
170 feet wide and about 114 deep. The principal boxes wi 
have behind each an anti-chambcr three times the size of the 
box itself; and the passages behind the boxes will be 20 feet 
wide. The immense importance of wide pes in theatres 
and all large public buildings, not only with respect to comfort 
and ventilation, but also as means of escape in case of fire or 
panic of any kind, cannot be too often insisted оп. Мо one who 
contemplates padding a new theatre, especially for popular 
entertainments, should fail to visit the new Chatelct Theatre in 
Paris; the passages and lobbies of this beautiful theatre are 
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large enough to drive a brougham along, and even in parts to 
turn it round, and the staircases are in keeping with these 
magnificent proportions. Another feature deserving attention 
in te same building is the fine public foyer, or saloon, with its 
terrace overlooking the Place du Chátelet and the Seine. The 
plans of the new opera-house hold out the expectation that in 
the matter of entrances, public and special staircases, vestibules, 
lobbies and corridors, the new theatre will surpass any now in 
existence. The Emperor's entrance has а covered arcade, so 
that the Imperial carriages may set down under shelter, in fact 
almost within the house itself. 


— m 


THE BIRKENHEAD DOCKWORKS. 


Тнк Birkenhead Docks are constructed in a creek of the 
Mersey, formerly known as Wallasey Pool, and the first act of 
Parliament authorising their construction was obtained in 1844, 
on plans pad by the late eminent engineer, Mr. J. M. 
Rendel. By an agreement made in 1855, afterwards confirmed 
by acts of ee the original projectora transferred the 
property to the Corporation of Liverpool, who subsequentl 
vested 4 in the Mersey Docks and Hibour Board, gid dienes. 
forth it became incorporated with the great estate under the 
control and management of that body. At the time the board 
became possessed of the property not much progress had been 
made in the development of the works, for the total area of 
water space then opened and in use amounted to little more 
than about seven acres. One of the most important features of 
this great system is that of the large dock called the Great 
Float, having an area of 112 acres, a length of 14 mile, and 

uayage to the extent of four miles. This is sub-divided into 
the east and west floats by a passage 100 feet in width, crossed 
by an iron swing-bridge. Branching from the west float on its 
southern side are two basins attached to the extensive engi- 
neering establishment of Messrs. Peto, Betts, and Co., and 
copper ore works belong to Messrs. Logan and Co. On the 
same side are two graving docks, cach 750 feet in length, having 
accommodation and appliances for repairing ships of the largest 
class; coal Дий, and coal hoists worked by hydraulic 
machinery, and coal tips for barges are placed on the margin of 
the South Quay; also a powerful crane, capable of "rius 
60 tons. А basin and landing slip for the discharge of timber is 

rovided on the south side. On the southern side of the east 
oat the establishment for the testing of chain cables and 
anchors forms an important feature. Two machines capable of 
testing up to 300 and 200 tons respectively, have been at work 
here since April, 1863, and additional machines specially suited 
for the testing of anchors, and for experimental work, are about 
tobe supplied. The establishment occupies & large area, and 
оззевзев railway conveniences, water Баты and powerful 
draulic crane accommodation of the most complete description. 
The testing machines are worked by hydraulic power, and have 
been fitted up by Messrs. Sir Wm. G. Armstrong & Co., in the 
best manner, and with the latest and most improved appliances. 
Three large stacks of warehousse for general merchandise, and 
а capacious closed shed for the storage and protection of goods, 
stand on the south quay of the east float, also the goods station 
of the Birkenhcad and Chester Railway Company, with its 
extensive warehouse and shed accommodation. On the north 
side, a range of quay space 250 feet in width, bounded by a 
wide marginal road, extends the whole length of the float. 
Special accommodation for the corn trade is peng provided on 
the north quay ofthe east float, in the formation of a canal dock, 
and by the construction of four extensive piles of warehouses six 
stories high. The copper ore works of Messrs. Todd, Naylor, 
& Co., are situated nt the western extremity of the north quay, 
and doubtless other establishments of a similar character will 
arise. A line of railway in connection with the main systems of 
the country traverses the quays surrounding the docks. 

The river frontage of these docks is nearly one mile in length, 
and the openings which give access to the system are of the 
most complete character. Of these the most important are the 

eat northern entrances completed and opened in June last. 
They comprise an outer basin or embayment of 44 acres area, 
opening from the river, and leading to a lock 950 feet in length 
and 100 feet in width ; and two lesser locks of 50 feet and 90 
feet in width respectively. Theseentrances communicate with а 
dock 8j acres area, named * The Alfred Dock." This is con- 
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nected with the Great Float by passages and locks of similar 
width to those of the outer entrances just described. Iron 
swing bridges, with double roads and railways, cross the inner 
entrances, and a complete system of hydraulic machinery 18 
provided for opening and shutting the dock gates and bridges, 
regulating the sluicing apparatus, and for working the capstans 
on tbe dock quays. Тһе sills of these entrances are laid suf- 
ficiently low to admit of the reception of the largest class of 
vessels during all tides in the year. The masonry is for the 
most put of granite from the quarries in Scotland belonging to 
the dock board, supplemented by ashlar from the Poney 
quarries in Cornwall. As specimens of masonry, they are of the 
most substantial description. The character of work is that 
originally introduced by the late engineers Messrs. Jesse and 
John Bernard Hartley, and has been continued by Mr. George 
Fosbery Lyster, the present engineer to the estate. 

The entrance to the Great Float, on the southern margin of 
the estate, was through the Morpeth and Egerton Docks, two 
small dock of about seven acres, constructed by the former pro- 

rietors, which formed the sole amount of dock accommodation at 

irkenhead when the property passed into the hands of the 
Mersey Board. The outer of these two docks, the Morpeth 
Dock, is now closed for alterations; and the Egerton Dock is 
temporarily occupied by the London and North-western and 
Great Western Railway Companics. The New Morpeth Lock 
is a finished work, 400 feet in length and 85 feet in width, and 
can, should necessity arise, be used as a graving dock. An 
enlargement of the Morpeth Dock has been partly completed, 
and for а short time, in connection with the Morpeth Lock, was 
open and in use. It was thisdoek which ог her Majesty's 
Bus Agincourt, for the purpose of being fitted out after she was 
аше: from the building yard of Messrs. Laird, at Birken- 

ead. 

The Great Low-water Basin, which is about to be converted 
into a wet dock, occupies a position nearly midway of the river 
frontage of the estate ; and the land to the southward, called the 
South Reserve, to the amount of 110,000 superficial yards, is 
held оп lease by the London and North-western and Great 
Western Railway Companies for stations, on which it is contem- 
plated to construct canels, sheds and warehouse accommodation, 
&e., for the carrying on of the important traffic which is being 
rapidly developed. The North reserve is another large area of 
land lying towards Seacombe, and is covered on its shore margin 
with shipbuilding yards of the most extensive and convenient 
description. 

The total area of the Birkenhead estate is 497 acres, of which 
167 acres is water зрасе, with nine miles of quayage, the remain- 
der being appropriated to quays, warehouses, sheds, business 
yards, and roads. The expenditure by the Mersey Board since 
the incorporation, in 1858, of the property with that of the Liver- 
pool estate, has been about #5,000,000, which is evidence sufficient 
of the energy and perseverance, as well as the wealth and dis- 
position, of the board to accomplish the important task confided 
to them. 

The Liverpool docks are so well known that it is unnecessary 
to describe them. From 1709, when the first Dock act was ob- 
tained, to the present time, they have increased from a small and 
insignificant dock of four acres, formerly occupying the site of 
the existing Custom House, to the vast range of accommodation 
six miles in length now createdon theriver. They cover an area 
of 1034 acres, having 255 acres of water space, with 18 miles of 
amaya. During this onward course of a century and a half Liver- 
pool has advanced from a small town of no great importance to 
the position of the first port in the kingdom. The expansion of 
the docks north and south has been followed by a correspondin 
growth and development of Liverpool, as well as given rise an 
permaneuy to other towns in a wide circuit. 


—_+—— 


ON THE SCULPTURE IN WESTMINSTER ABBEY. 
Bx Рвовкввов МУ кзтмалсотт, R.A. 


In reviewing Ше sculpture in Westminster Abbey, it will be 
proper that the first remarks should be directed to that par- 
ticular phase of the art, the Gothic, which is found in connection 
with the older style of architecture of which the building is so 
fine an example. Though this sacred edifice has, for many 
generations, been made the resting-place and the receptacle of 
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the monuments of some of the most remarkable historical person- 
ages who have illustrated the annals of England, and thereby 
has claims to the attention of all who take pride in reflecting on 
the greatness and glory of our country, yet the interest of the 
intelligent visitor is chiefly and primarily drawn to those remaing 
which can be associated with the earlier foundation. At а 
subsequent stage of our remarks, the sculpture of the later 
periods will be considered with relation to the state of art at 
their respective dates; but it is to the Gothic seulpture that 
attention will be directed in the first instance ; and it will be 
right to show how this is to be judged and estimated. 

e sculpture of the true Gothic period of architecture in this 
country, dating, that is, from the thirteenth century, and lasting 
till the middle of the sixteenth century of our era, 1s remarkable 
for a character exclusively its own. Generally speaking it 
exhibits,—like all the attempts at art by inexperienced work- 
men,—cxtreme rudeness in its execution ; a disregard of rules of 
art, in proportion and anatomy, and, for the most part want 
of beauty. The earliest attempts in sculpture, only a few 
centuries old, cannot, however, be placed in the same interesting 
category with the extremely archaic monuments of Assyria, 
Egypt, Greece, Etruria, Asia Minor, and other ancient nations, 
dating, it may be said, thousands of years since. Neither as 
monuments of fine art can Gothic works be allowed to take rank 
in illustrating the history of sculpture (proper); seeing that 
they throw no light whatever on the progress of imitative art, 
as 8 means of expressing ideas or sentiment by beautiful forms. 
Gothic sculpture never, at any time, achieved a development 
that placed it in the same high position that had been attained 
by the great schools of the art; for, though it had fallen into 
neglect and disuse, it must be remembered that sculpture had 
been brought to the highest state of perfection sixteen or seven- 
teen hundred years before the so-called Gothic school had any 
existence. 

Assuming the essential conditions of fine and good sculpture 
to be refined expression, perfection of form and of physical 
beauty in all its parts, truth to nature in her boundless variety, 
and what is understood as style in treatment, with fine execution, 
it must be admitted, even by its warmest admirers, that Gothic 
or Medieval sculpture must always oceupy in these respects an 
inferior position. Any interest it possesses,—and this is very 
great,—must then be sought for in qualities quite distinct from 
that which attaches, in the first place, to primitive works, of 
remote antiquity, or in the next, that 18 accorded to the 
excellence of the art exhibited; forit has, in fact, neither of 
these recommendations. That Gothie sculpture must be judged 
ав ап art sui generis, and not by the standard of progress and 
development, like other fine art, is seen in the curious fact of 
its maintaining, like the Egyptian and other prescriptive 
sculpture, its own marked and characteristic idiosyncracy ая 
Gothic. So truly is this the case that it is remarkable that, in 
modern imitations of Со іс architecture, this peculiarity of а 
school of sculpture is always more or less attempted, as a 
sine quá non of character, though the progress of art and the 
advanced knowledge of the properties which constitute excellence 
must make it plain to those who adopt such peculiarities that 
the art so exercised is not truthfal as an expression of the 
present age, and, therefore, in this respect, it is retrogressive 
and unreal. This does not apply to the form of Gothic sculpture; 
for this, it will be seen in the course of our remarks, was much 
modified, according to the comparative skill or increased practice 
of the workmen.—varieties especially observable at Wells, 
Lincoln, Salisbury, Exeter, and in other of the English ecclesi- 
astical buildings. It refers rather, or entirely, to the manner of 
treatment. Here, with much that merits Tish praise, in its 
forms, it is constantly in antagonism to sound art principles, and 
exhibits an utter Дейацен of those rules of fitness and propriety 
which should essentially regulate an imitative art. Е the 
human form is the object of imitation, it requires but little 
argument to show that the sim of the true artist should be to 
choose such conditions as will most correctly display that form, 
or, at any rate, that there should not be a Лала effort to put 
into distorted and impossible action. 

Portions or parts of the пашы for instance, should not be made 
to perform functions for which they are unfitted, and of which 
they are incapable in nature; nor should the most perfect work 
of creation be represented truncated or in pieces, and so fulfilling, 
with the most complacent expression, ignoble and even repulsive 
and degrading offices. Yet, in true Gothic all this occurs, ande 
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is imitated as characteristic of the style. Figures represented 
as standing, knecling, or sitting, are squeezed into the hollow 
mouldings of arched doorways, in tiers, one over the other; though 
in the apex of the arch the upper figures may by this arrange- 
ment be nearly if not quite horizontal. Again the most distorted 
attitudes are given to others, to make them fit into angles or 
spandrels; figures, also, in parts or entire, are made to project 
suddenly at right angles from the walls, to support roof-timbers, 
or to act as brackets, while their draperies, clinging close, show 
no natural movement, but, instead of hanging or floating, are 
fixed horizontally in folds parallel to the figure. In like manner, 
heads of angels, saints, kings, bishops. and even females are made 
to bear weights, as brackets under columns, ог as ornamental 
terminations to dripstones, over windows or doorways, for drain- 
ing off the rainwater. Now, in Gothic these anomalies and the 
tesques, and even indecency, that are seen in gargoyles, or 
aining-pipes on roofs, and in stall seats and other parts of eccle- 
siastical buildings, are distinctly intentional. ‘They are not, like 
the crude attempts of the archaic sculptors, in consequence of 
entire ignorance, or of primitive rudeness of art ; for they occa- 
sionly are found associated with a very advanced fecling for a 
certain kind of beauty, both of form and expression. the 
heads of dripstone terminations, and occasionally in drapery, there 
is evidence of unquestionable power in these respects, sufficicnt, 
at any rate, to show that the strange, grotesque einployment of 
these sculptured forms was a part of the system of the old true 
Gothic design, and belonged to it; herein contrasting unfavourably 
and to itself fatally, win the perfect sculpture which decorated 
architecture of the ancients—that of the Parthenon, at Athens, 
for instance, of which we possess the original examples. 

It has been necessary to make these few preliminary observa- 
tions on this peculiar feature in Gothic sculpture in order to 
explain much that appears anomalous in its practice. Ignorant 
of the true principles of sculpture, and rude and inexperienced 
in execution, as were the artists or carvers of the age, the yet 
were not во primitive, so blind, and so ignorant. as not to know 
that the human face was not intended to carry the weight of a 
column or а rafter; and, therefore, it is reasonable to assume 
that the fantastic uses to which the human figure was applied, 
formed an essential element in Gothie design. There will be 
enough to arrest attention in expression, pleasing forms, and, 
especially, in the graceful though peculiar treatment of drapery 
found in their works, to claim for some of the Gothie artists a 
large amount of our admiration; but we may not shut our eyes 
to the curious proofs that exhibit these, to us, contradictory and 
inconsistent features of their art-system ; showing, beyond dis- 
pute, that they were considered as marks of the style, and 
proper to it. It is this which makes Gothic sculpture false 
and conventional, as a phase of art. Notwithstanding certain 
remarkable qualities it possesses, and to which it will be our 
pleasing duty to direct attention, it never can be classed as a 

ranch of fine or perfect sculpture; and, for this reason, it 
never has been Mud never can be placed before students, like 
the remains of the great schools of Greeco, as profitable guides 
for them to follow. 

It must be a matter of surprise, even making every allowance 
for the very natural prejudice against using or imitating Acathen 
types in the employitent of sculpture for Christian purposes 
and illustration, why, in carly times, the imitative arts іп con- 
nexion with our purer religion should everywhere be found in 
so rude and barbarous в state. As before observed, it was no 
newly invented art; and, however neglected its practice had 
been, still monuments and remains of ancient and superior art 
abounded, especially in Italy. The missionaries, priests, and 
monks, who first spread the doctrines of Christianity, had all 
come from these southern countries where such remains were to 
be seen, on all sides; and it must ever seem strange that, when 
sculpture and painting were required in the service of the Faith, 
no higher or nobler ideas of the beauty and dignity appropriate 
to holy subjects and persons should bave existed than such 
gaunt and uncomely productions as many of those that have 
reached us. 

It is equally unintelligible that such poor art should be found 
associated in England with what has been called, by its admirers, 
the highest form ofecclesiastical architecture, the Pointed orEarly 
English. Itis difficult to conceive architects achieving excellence 
in their own art who were insensible to the glaring deficiencies 
of the arts employed in connection with their productions. It 
is rather suggestive that all the arts, architecture as well as 
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painting and sculpture, wero, at that time, morely in a state of 
movement, and not practised on any fixed or recognized 
principles. The constant changes taking place in Gothic archi- 
tecture itself during the short period of ив existence (scarcely 
three hundred years). from the Romanesque to Pointed, from 
Pointed to Decorated, and from Decorated to Perpendicular, 
when, according to the best judges of Gothic, the style was fatally 
declining, point to this conclusion. . 

This however, is a subject not now to be diseussed. There 
can be no common ground of argument at between the two 
branches of art. Sculpture and painting, being strictly imitative 
must be judged by an existing and admitted standard, Nature. 
In architecture there is no such sure guide, nor, indeed, any 
guide at all, of the kind. Judging by tho varicties in the forms 
and mode of its outward presentation, the degree of popularity 
or admiration each has obtained, in different localities, may not 
improbably be mainly referred to fancy and fashion. This is not 
so with the imitative arts. Here there is а foundation, and a 
standard which is of all time, and it is also the highest as well as 
the safest that can be offered for our guidance. 

The sculpture in Westminster Abbey must be regarded undcr 
various aspects. First, in its relation to the architecture simply 
as accessorial decoration. Secondly, for the subjects represented ; 
when it is employed to illustrate Scripture, historical or legendary 
scenes and incidents. Thirdly, as memorial sculpture ; especially 
in its application to monuments to Ше dead, in tombs and sunilar 
erections. d 


THE ROYAL INSTITUTE OF BRITISH ARCHITECTS. 


THE annual conversazione of the Royal Institute of British 
Architects was held in their rooms, Conduit-street, Hanover- 
square, on the 20th ult., when. inaddit on to a large assemblage 
of members of the Institute, the following were among the guests 

resent:—The Earl of Etfingham; Lord Talbot de Malahide; 
Loa Ernest Bruce; Vice-Chancellor Sir W. P. Wood; Sir John 
Boileau; Admiral Sir С. Back: Mr. Babbage, and а considerable 
numberof Members of the Archzological Institute, then assembled 
in London for their Annual Congress, also attended the Conversa- 
zione, А large collection of works of art was exhibited. among 
which were the following :—Two volumes of drawings and prints. 
illustrative of the topography of Ancient London, lent by the Corpo- 
ration of the City of London; a collection of very curious and inte- 
resting drawings of the Palaceat Westminster, lent by Mr.J. Dunn 
Gardiner; a large drawing of Inigo Jones's designs tor the Palace 
at Whitehall, and other works, contributed by W. Tite, М.Р.. 

ast President; a series of photographs and drawings of St. 

aul's Cathedral, lent by F. C. Penrose, Fellow, Architect to the 
Cathedral; a collection of drawings of various parts of West- 
minster Abbey, lent by G. Gilbert Scott, Fellow, R.A., and 
numerous drawings of buildings of Modern London, exhibited by 
Messrs. D. Brandon and T. Hayter Lewis, Vice-Presidents. 
Sidney Smirke, R.A.; D. Bnrton, F.R.S.; A. Ashpital, G. E. 
Strect, A.R.A., Horace Jones, City Architect ; E. F Anson, J. Р. 
St. Aubin, G. Somers Clarke, J. Peacock, R. H. Shout, R. 
Brandon, J. Thomson, W. Slater, E. Woodthorpe. W. White. 
W. Burges, H. Carr, J. T. Perry, E. Bassett Keeling, Skinner 
Prout, Matthew Noble, and others. А very interesting collec- 
tion of drawings and sketches of buildings іп Egypt, by К. B. 
Spiers, was also among the attractions of the conversazione. 


—_—_ 


Permeability of Iron.—The master of the mint, Mr. Graham, 
the well known chemist, has made a very important discovery, 
which he has announced in a paper read at the closing meeting 
of the Royal Socicty’s session. He has discovered that iron ata 
low red heat absorbs a c-nsiderable quantity of carbonic oxide; 
and that, contrary to long-standing belief, this gas dovs not act 
on the suface of the metal only, but perincates its entire substance. 
Having taken up the gas, the iron will retain it forany length of 
time, and in this condition it is best adapted for conversion into 
stecl, as, by the permeation of the carbonic oxide, the subsequent 
process of carbonization is largely facilitated. Hence arises the 
suggestion. that the process of acieration would be best ac- 
complished by changes of temperature ; a low red heat to fill the 
iron with carbonic oxide, atter which it may be put away, if 
required, to await the final process, at a high temperature, of con- 
version into steel. 
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THE FESTINIOG RAILWAY. 


Tue Festiniog Railway, or tram-road, was originally con- 
structed under the Act 2 Will. IV., cap. 48 (23 May, 1832), and 
shortly after the passing of that Act. It commenced at a quay, 
near Po oc, in the parish of Ynys-eynhainain, in the county 
of Carnarvon; and after running for thirteen miles through a 
wild, hilly and beautiful country, terminated at the slate 
quarries of Rhiwtryfdw and Duffws, in tho parish of Festiniog, 
in the county of Merioneth: The objects of its construction 
were to open out “a more direct, easy, cheap, and commodious 
communication between the interior of the principal district of 
slate and other quarries of the county of Merioneth, and the 
various shipping places at and within tho said several counties 
of Carnarvon aed Merioneth ;” and to “greatly facilitate the 
conveyance of coals, and other heavy articles to the several slate 
and other quarries and mines in the said district, and the con- 
veyance of the slates, copper, and other ores, and other 
productions of the ssid slate and other quarries and mines, and 
of the surrounding country, to the sea sides and that it should 
be otherwise “а work of great public utility.” 

The Festiniog Railway Company, having been duly incorpo- 
rated, received power to make the railway, or tram-road, and to 
construct the necessary works; but upon the conditions that 
the railway was not to pass within eighty yards of Plas-tan-y- 
bwlch, that no stones or materials were to be raised within half 
a mile, or any buildings crected within one mile of Plas-tan-y- 
bwlch, and that all steam engines employed were to consume their 
own smoke. 

The lands or grounds to be taken or used for the purposes 
specified in the Act, were not to exceed four yards in width, 
except where it was necessary for carriages or waggons to “turn, 
remain, or pass each other,” or for buildings or appliances to be 
erected, or for embankments or cuttings to be made, or for 
wharves, or goods stations; and no work, or building was to be 
above sixty yards in breadth at any place, except on commons 
or waste nd. or by consent of owners. 

The Company was not to occupy more than was absolutely 
necessary of the Traeth Mawr embankment near Portmadoc; 
the guuge between the rails was not to exceed three feet upon 
that embankment ; the surface of the embankment was not to be 
disturbed more than one foot in depth, and the ordinary traflic 
upon it was not to be interrupted. 

The estimated cost of the line was £24,185 10s. and the 
Company was authorised to raise £10,000 by loan. Powers were 
afterwards ted to raise further sums of £12,000 by shares, 
and £4,000 by loan, so that the total Parliamentary capital of 
the Company is £60,185 108. 

The population of the district, in 1832, was very limited, and 
the line was therefore laid out in an economical manner, and ona 
gauge of only two fect between the rails. But from timo to time, 
as the tratfic increased, many of the curves have been eased, 
diversions have been made, at great expense, for the sake of 
obtaining better gradients, a avoiding steep inclines; and 
improvements have been effected in the permanent way, though 
without any alteration of the gauge. The difference in level 
between the terminus at Portmadoc, and the mountain terminus 
&t Dinas is 700 feet, and the average gradient for 121 miles, 
from that mountain terminus, to the Traeth Mawr embankment 
near Portmadoc, is 1 in 92. Тһе steepest gradient on the 
portion now used for passengers is 1 іп 79:82, and the steepest 
on which locomotive engines are employed is 1 in 00. Some of 
the curves are exceedingly sharp, having radii varying respec- 
tively from 2chainsto 4 chains e maximum super-clevation 
allowed for theouter rail, on a curve of 2 chains, is 2j inches, for 
& speed of 8 miles pcr hour. 

s tho slate quarries are at different altitudes in the moun- 
tains, the slates are first brought down the quarry inclines to 
the railway, and the trucks are then collected and forwarded in 
trains to Portmadoc. These trains, sometimes composed of fifty 
trucks or sixty trucks cach, run down by the force of gravity, 
and are ih charge of breaksmen. 

Until 1868, the empty trucks, or trucks loaded with coals, 
goods, furniture, materials, machinery, and tools for the quarries 
and the neighbourhood, were drawn up by horses, whieh were 
brought down in the trains, as on some of the colliery or 
mineral lines in the North of England. 

As Ше traffic increased, and after the railway had been much 
improved, the practicability of employing locomotive engines on so 
narrow а gauge was frequently discussed; but the project was 
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more than once abandoned, in consequence of the apparent dif- 
culties, and of the adverse opinions expressed by the Engineers 
who were consulted. At length the continued increase of the 
slate traffic, and of the trade of the neighbourhood, caused 


it to be revived; and Mr. England was employed, under 


Mr. C. E. Spooner, the Secretary and Engineer of the Company, 
to design an engine for the purpose. Two locomotive engines 
were accordingly placed upon the line in June, 1863, and were 
found to work so successfully that others havo since been sup- 
plied. The Company now possesses four engines, which have 
mm (up to February, 1865), 57,000 miles without leaving the 
rails. . 

During the past autumn the Company carried passengers e 
rimentally, without taking fares, and at the діні жама ЫН of the 
ре year, Ше line was regularly opened for passenger traffic. 

n ascending from Portmadoc, the passenger-carriages are drawn 
by the engincs with other vehicles, the passenger-carriages being 
placed betwcen the empty slate-trucks, which are always last in 
the trains, and the goods-wagons, which are next behind the 
tender. In descending, the loaded slate-trucks, with empty goods- 
trucks attached behind them, run first in a train by themselves; 


' the engine follows, tender first; and the passenger-vehicles, de- 


tached from the engine and tender, and at some little distance 
behind them, bring up Ше rear, with a break van in front, and a 
guard опа platform outside it. The speed is limited to about 
six miles per hour, in passing round the sharpest curves, and ten 
miles per hour on other parts of the line. е passenger-guard, 
standing outside his van, is always ready to slacken speed, by 
the application of his break, in approaching level crossings and 
sharp curves, or in obedience to a signal, or in the event of an 
obstruction on the line ; and the different trains, or portions of 
the trains, are able to follow each other, at the above moderate 
speeds, more closely than could be done, with safety, on ordinary 
railroads. 

The engines, though on a much smaller scale, are of a some- 
what similar pattern to those which have been found во useful 
by contractors. The wheels аге 4 in numbor, and are coupled 
together, 5 feet apart, and are 2 feet in diameter. Tho cylinders, 
which are placed outside the framing, are 8 inches in diameter, 
with a length of stroke of 12 inches, and are only 6 inches above 
tho rails. The maximum working pressure of the steam is 200 lbs. 
to the square inch. Water is carried in tanks surrounding the 
boilers, апа coal in small four-wheeled tenders. The heaviest of 
these engines weighs 74 tons in working order, and the cost was 
£900 cach. The average load taken up, at a вроед of about 10 
miles per hour on the ascending journcy, is 60 tons, ineluding 
the weights of the carriages and trucks, but exelusive of tho 
weights of the engine and tender. In fact, the actual perform- 
ance of the engines, exclusive of considerable shunting, is to 
eonvey daily, on the up journey to Portmadoc, along the Traeth 
Mawr embankment, avcrage loads of 260 tons of slate, all the 
empty slate trucks from Portmadoc, 50 tons of goods, and .100 
passengers, besides parcels, at an expenditure of 17 cwt. of coal 
and coke for two engines, or about 0°75 lb. per ton per mile, the 
average ascending gradient for 12} miles being 1 in 92, and 
there being a level portion for about three quarters of a mile near 
Portmadoc. 

The high pressure at which these engines are worked, com- 
bined with the small driving wheels, gives them a surprising 
amount of power for their size, and adapts them well for con- 
venience in starting and for working at slow speeds. The centre 
of gravity also has been kept as low as possible, with a view to 
steadiness оп во narrow а gauge. But their short wheel-base, 
and the weight which overhangs the trailing wheels, imparts 
more or less of a jumping motion in running, which might be 
avoided by the addition of trailing wheels, working, perhaps, in 
radial axle-boxes, to steady them. Efficient safety-guards, 
similar in form to snow-ploughs, have been added in front of the 
engines, behind the tenders, and under tho platforms of the break 
vans. 

The passenger-carriages are necessarily of a different construc- 
tion from those in ordinary use on railways, and are also low. 
Their dimensions are 6 feet 6 inches high in the middle above 
the rails, 10 feet long, and 6 feet 3 inches wide, outside measure- 
ment. Each carriage has 4 wheels, 1 foot 6 inches in diameter 
and 4 feet apart, from centre to centre of the axles. Thero is a 
longitudinal partition down the centre, and the passengers sit 
back to back, so as to avoid causing an overhanging weight 
outside the rails. The second and third-class carriages, cost 
£100 cach, and do not differ from the first-class carriages, which 
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cost £120 each, except in their fittings. The springs are volute, 
and the axle-boxes, which are under the seats, are easily lubri- 
cated on the removal of a small door opposite to them. Each 
carriage will convey 10 passengers. No platforms are required, 
as the floors of the carriages are only 9 inches above the rails; 
and, there being no break in the longitudinal partitions, the pas- 
sengers get in and out through the doors on both sides. 

пеге are also some open cars for summer use, of similar con- 
struction as regards the under-framing, and of similar length, to 
the above carriages; but without sides and roof. The passengers 
are strapped into these carriages by means of longitudinal and 
cross-straps. . 

It is a question whether longer carriages on 8 wheels and 
bogie frames might not be used for sharp curves on other lines of 
unusually narrow gauge with advantage. But it is considered, 
that carriages of greater length than 13 feet would be inconve- 
nient for moving about at the stations. If the curveson the line 
had not had any radii of less than 5 chains, the length of 13 feet, 
with 6 feet 6 inches centres for the axles, would have been 
adopted. The couplings are central, similar to the screw 
couplings in common use, are 16 inches above the rails, and work 
upon volute springs. The buffers are also central, are 44 inches 
above the couplings, and work against a curved spring, 2 feet long. 
The system, which the Author has observed to work successfully 
on the Continent, of a single link, with a double spring connected 
with each draw-bar, would probably be found well suited to act 
at the same time as buffer and coupling, at slow speeds, on rail- 
ways of this description. : 

The permanent way is now laid with rails weighing 30lbs. to 
the lineal yard, and in lengths of 18 feet and 21 feet. Тһе 
rails are supported in cast iron chairs, which weigh 13 lbs. at 
the joints, and lOlbs. each in the intermediate spaces. The 
sleepers are of Ínrch, 4 feet 6 inches long, and averagin 
10 inches by 5 inches in section under the joints of the rails, an 
. 9 inches by 4j inches elsewhere. They are placed 1 foot 
6 inches apart, on each side of the joints of the rails, and 2 feet 
8 inches apart in the intermediate spaces. The rails are secured 
in the chairs by wooden keys, and the chairs are fixed to the 
sleepers by wrought-iron spikes, 4j inches long by # ineh 
diameter. 

There are 17 bridges under, and 5 (foot) bridges over the 
railway, as well as numerous stone viaduets across the valleys. 
Most of the smaller openings are covered by girders, or rather 
slabs, of slate. There are also two tunnels, one 60 yards long, 
and the other 730 yards long; the former through hard shale, 
and the latter through syenite rock, which is sufficiently solid 
to require no lining. 

The Company has, of course, had many difficulties to contend 
with in transforming a horse-tramway, thirty-three years old, 
into а passenger line worked by steam locomotives; and not the 
least of these difficulties has arisen from the narrowness of the 
works. The stone walls, with which the greater part of the 
line is fenced, as well as the abutments of the bridges and the 
tunnels, leave less width than it would be desirable to provide, 
on any lines of an extra-narrow gauge which may be constructed 
in future. The carriages, being 6 feet 3 inches wide, overhang 
the rails by about 2 feet on each side; and this renders it 
desirable that the works at the sides of theline should be at 
least 4 feet 6 inches from the rails, and that a total minimum 
8 of 11 feet 6 inches, or 12 feet, should be preserved in the 
clear between the abutments of bridges and other works, for а 
single line of rails. These dimensions would, of course, vary 
with differences in the width of the gauge and the width of tho 
carriages, it being desirable, on all new lines, that & minimum 
distance of 2 feet 6 inches should be preserved between the 
sides of the carriages and the works; and the width of the 
works would therefore depend, not so much upon the gauge of 
the rails, as upon the dimensions of the carriages employed 
upon them. 

Inlike manner, where the line is doubled, or where sidings 
occur, it is necessary that an intermediate space of 7 feet should 
be allowed. to admit of the doors of the carriages in one train 
swinging clear of the vehicles of another train. and for other 
reasons; their dimensions also varying according to different 
widths of gauge and carriages. 

The Author conceives that the employment of locomotive 
engines ou this little railway, and the opening of it for passenger 
traffic, are not only highly interesting experiments, but are 
likely also to be followed by important results. There can be 
no doubt, that this country owes her abounding prosperity of 
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recent years mainly to the rapid development of railway com- 
munication, and that the increase of that prosperity in future 
years wil depend much upon the facilities for, or, in other 
words, upon the cheapness and rapidity of transport which may 
be provided for passengers and produce, between all parts of the 
kingdom. These further facilities must be derived, ly from 
improved carrying powers on some of the existing railways, and 

artly from the construction of new railways. Every new line 
in an agricultural, a manufacturing, or a mineral district, tends 
to stimulate production, to provide means of employment for an 
increasing population, to add to the supply of food, and to bring 
jnto use sources of wealth which would otherwise lie dormant. 
There are still, doubtless, numerous districts where railways on 
a gauge of 4 feet 8) inches may be profitably made; and, indeed, 
the number of miles of such railways annually projected and 
carried out has, of late, been increasing rather than diminishing. 
Although only 477 miles were opened for traffic during the past 
year as арашвб 771 miles for 1803, yet 4,270 es were 
projected for the E session, against 9,099 miles for the 
session of 1864. But there are also many other districts in 
which lines of cheaper construction are required. Railways on 
the gauge of 4 feet 8% inches can hardly be made more econo- 
mically than at present, as far ав regards the permanent way, or 
the works. Cheap lines necessitate steep gradients, which 
require heavy engines, and heavy engines require substantial 
bridges and а strong permanent way. On the other hand, with 
АА auge, $ hter es and sleepers, less ballast, and 
cheaper works gene may be employed; sharper curves ша 
be laid down à very d ping md may, particularly А 
mountainous districts, be more cheaply avoided and lighter 
engines, with lighter vehicles, may be made to до all the work 
required, where high speed is not demanded, and where the 
traffic is not heavy. 

The Norwegian government, as appears from an interesti 
report by Mr. C. D. Fox, has constructed, and has in 
operation, two lines, the one from Grundsett to Hamar, 24 miles 
long, and the other from Throndhjein to Storen, 90 miles long, 
both on a gauge of 3 feet 6 inches. The former, with gradients 
of 1 in 70, and curves of 1,000 feet radius, through a moderately 
easy country, has cost, including rolling stock and stations, 
23,000 per mile. The latter, through a more difficult country, 
with gradients of 1 in 42 and curves of 700 feet to 1,000 feet 
radius, has cost £6,000 per mile. The rails weigh 37 lbs. to the 
lineal yard, and are fished at the joints. Тһе sleepers are of 
native pine timber, 2 feet 6 inches apart. 6 feet 6 inches long. 
and 9 inches by 4j inches in section, and the rails are secured 
tothem by dog spikes only. The engines weigh 14 tons, in 
steam, and the carriages are 9 feet 3 inches high, and 6 feet 
6 inches wide. The speed is about 15 miles per hour, including 
stoppages. The Norwegian government is so pleased with the 
result, that an additional length of 56 miles of this gauge is now 
in course of construction, and no other gauge is contemplated 
for the traffic of that country. 

It is, however, illegal at present to construct any passenger 
lines in Great Britain on a narrower gauge than 4 feet m inches, 
or in Ireland than 5 feet 3 inches. the ct 9 & 10 Vict. cap. 87, 
provides (sect. 1), “ that after the passing of this Act it shall 
not be lawful (except as hereinafter excepted [with reference to 
broad gauge railways]) to construct any railway for the con- 
vcyance of passengers on any gauge other than 4 foet В inches 
in Great Britain and 6 feet 3 inches in Ireland ;" and (sect. 6), 
“that if any railways uscd for the conveyance of passengers 
shall be constructed or altered contrary to the provisions of this 
Aet, the Company authorized to construct the railway, or in the 
case of any demise or lease of such railway, the Company for 
the time being having the control of the works of such railway, 
shall forfeit ten pounds for every mile of such railway which 
shall be so unlawfully constructed, or altered, during every day 
that the same shall continue so unla constructed or 
altered ;” and sect. 7 gives power to the Commissioners of 
Woods, &c., or to the Board оѓ Trade, to abate, or remove such 
railways, so constructed, or altered, contrary to the provisions 
of the Act. 

It would therefore appear to be necessary, before construct- 
ing any railways for passengers on a less gauge than 4 feet 
84 inches, or before attempting to open for passenger traffic any 
railways so constructed su seanail to the year 1846 (in whi 
the above Act was passed), to endeavour to obtain, if not its 
repeal, at least a modification of its provisions. That Act was 
passed after the Report of the Gauge Commissioners, when 
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there was в strong feeling against break of gauge, and when there 
was no immediate prospect of a third and narrower gauge being 
extensively required. But there is now an increasing demand for 
branch railways of a minor class. Many coal and mineral lines 
are in use on a narrower gauge than 4 fect 83 inches, and others 
аге about to be constructed with ultimate views of passenger 
traffic. It would therefore be an advantage if some smaller 
gauge were recognized ; for however objectionable the existence 
of different gauges on important through lines of communiention 
may be, it is quite otherwise with respect to the use of a 
narrower gauge or feeding branches, in districts where a similar 

uge to those main lines would not be commercially practicable. 

аззепрегз chango carriages, under any system, at the junctions 
of less important branches; and it is considerably cheaper to 
transfer heavy goods from one railway truck to another, than to 
cart them for several miles, perhaps over indifferent roads. 
The Festiniog Railway, on which the original gauge has ne- 
cesearily been maintained, in consequence not only of its own 
works, but also of those of the trafnways and q inclines 
running into it, is ап extreme example, outdone only by the 
little engine which does the work of the shops at Crewe on a 
gauge of 18 inches; and the cost of that railway, under the 
peculiar circumstances of its original construction and subsequent 
alterations, cannot be taken as a guide for the future. А gauge 
somewhat wider than 2 feet would probably be desirable on any 
line to be now constructed, and it would hardly be worth while 
to desert the gauge of 4 feet 8} inches in Great Britain for any 
gauge wider than 2 fect 6 inches. But whatever the exact 
gauge, whether 2 feet 6 inches, or 3 feet, or any other dimension 
that might be considered most suitable for lines of minimum 
traffic, there can be no question, that a system of branch lines, 
costing two-thirds of the branches now ordinarily constructed, 
and worked and maintained at three-fourths of the expense of 
those branches, would be of decided benefit to Great Britain 
and Ireland, and would be most valuable in India and in the 
colonies ; in fact wherever there are people to travel, produce 
to be transported, or resources to be deve oped, where it would 
not be commercially profitable to incur the expense, in the first 
instance, of a first class railway. 


Captain Tyler said, having been called upon officially to inspect this 
railway, he thought a brief description of it might be interesting, and he 
hoped that description would be the means of calling forth a discussion 
of great use, in elucidating the important question, whether it was 
desirable to have a narrower gauge іп this country, under peculiar cir- 
cumstances of locality, and having regard to the nature of the traffic. 
There were already in Wales, a number of different gauges used on 
tramways for bringing slates and minerals down to the ports of shipment; 
and in other countries different gauges were springing up. Іп Queens- 
land, he had been informed, 100 miles were in course of construction on 
the gauge of 8 feet 6 inches, and 200 miles more were projected оп Ше 
same gauge. It was important to ascertain, what would be a suitable 
gauge in those instances where the traffic was not likely to be large. 
Farmers were now using portable railwaye, for transporting the produce 
of their flelde, for bringing in their harvests, spreading manure, &c., and 
there seemed no reason why districta, which could not support a railway 
on the gauge of 4 feet 8} inches, should be altogether deprived of the 
advantages of railway communication. The question of gauge was, in 
one sense, a question of speed. Speaking roughly, on a railway of 2-fect 
gauge, with 2-feet driving wheels, travelling might be made as safe at 
20 miles per hour as оп the Great Western, with its 7-feet gauge and 
T-feet driving wheels, at 70 miles per hour. He had travelled on parts 
of this little line at the rate of 30 miles per hour with every feeling of 
safety, He regretted the unavoidable absence of Mr. Spooner, hecause 
it prevented him thanking that gentleman, in tho presence of the 
meeting, for the information afforded during the preparation of this 
Paper, and because, if he had been prosent, he would have been able to 

ive further information on the subject. Mr. Spooner took great interest 
in this line, and was accustomed to travel on it along the Traeth Mawr 
embankment іп a boat carriage, not inappropriately named “ Ni l'un ni 
l'autre," being carried along bya sail. The preliminary expenses in firat 
applying locomotive engines, and making numerous adaptations on so 
narrow & gauge, were considerable; but since the line had been in 
working order the following results were shown. 


Втдтамвит of the CowranaTIYR Cost of Wosaxixo the Frstorioe Вапяадт 
by Новвкв, and by Locomorivz Powzz. 


By Hortes. 
Contract for the i of slatea and minerals, 70,000 tons at 8d., £ s.d. 
the Contractor finding labonr, grease, and оі]... EY < 3,333 0 0 
Contract per ton оп 9,000 tons of coals, train, and other merchandise, 
ditto, at 3s. ; the draught being ditto lese journey .. 1,350 0 0 
Хо pessengers, and по cost for po .. % owe eos 


23,083 0 0 
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Ву Госото ева. 
Locomotive department (wages) ... s4 m ove m 70 00 
Matorials for repairs of locomotive tender and van wee E 200 0 0 
Fuel, oil, and grease required for working (габо, inoloding oil for 
signal lamps, &c. 5 - m ons so 66 00 
Additional expenses and wages, keeping train in repair, over above 
amount by horse power .. aoe .. ae .. 296 00 
Additional cost in keeping up permanent m ЕА - Em 40 0 0 
Additional attendance in а men оп the horse system ... e.. 334 00 
Cost of working train by Looomotive — ... .. - 2,806 0 0 
Cost of working train by Horses «+. see 3,663 00 


d 


Differenoe in favour working by Locomotive nearly 33 per oent. 


Мг. С. W. Hemans eaid, Бе Над seen this railway, when worked by 
horse-power, about three pus ago, and was glad to hear now, that it con- 
firmed the impression he then entertained, that the project of working it by 
locomotive power would be successful. The idea of using locomotives 
arose from the competition branch line, which was contemplated by Ше 
owners of the ordinary gauge lines, leading along the Welsh coast, and 
which branch was to penetrate into the slate district. He was called 
upon to examine as to the propriety of this branch line on the ordinary 
gauge, for the purposes of the slate quarry, and the result of his observa- 
tion was, that for those purposes that gauge was unsuitable, and that no 
better thing could be devised than the existing 2-feet gauge. The small 
wagons on this gauge were carried over steep inclinations, of 1 in 12 
and 1 in 15; and іп some places of as much ав 1 in 6, or in 6, so ав to 

netrate into overy part of the immense slate quarries of Festiniog. 
The slates brought down on these extensive ramifications were expec 
if the ordinary gauge branch were constructed, to be delivered at the 
foot of the inclines, to be there gathered together, and the narrow ns 
would be hoisted into broad gauge wagons and taken to the port. 
would clearly have proved a great inconvenience, and the project of using 
locomotives on the 2-feet gauge, as far as the foot of the steep inclines, 
seemed so feasible that he gave it his warm support; and the conse- 
quence of the opposition to the broad gauge branch was, that it was 
withdrawn, and the project of working the narrow gauge by locomotives 
was carried out. He thought the attainment of a fair speed by the nar- 
row gauge locomotive was, to a great extent, as safe as on the broad 

uge, provided the wheel base were properly proportioned to the engine. 
ith regard to the economy of the working, another question arose. 
As to the general principle, whether it was desirable to encourage very 
narrow gauge lines in positions of this kind, it depended upon the nature 
of the traffic. He doubted whether that system could be extensively 
used for passengers; but where there was а large amount of mineral 
traffic coming out of narrow galleries, all going in one direction, and 
but a small passenger Е in either direction, he had no doubt 
a system of narrow gauge railways might be advantageously adopted, 
He thought it a matter worthy of legislative inquiry, whether this 
system might not be beneficially extended upon some well-considered 
gauge. At the same time, as а general principle, there was great objeo- 
tion to alteration of gauge. As regarded Ireland, the adoption of the 
gauge of 5 feet 3 inches had not produced beneficial results. 

Bir Charles Fox remarked that he had had a great deal to do with 
railways of various gauges. It was a subject to which he had given 
more attention than perhaps any other. He thougbt break of gauge was 
а serious matter; and yet it was difficult to say there never should be 
break of gauge. Ав joint engineer of the Indian tramway, with regard 
to which line a question arose as to what gauge should be adopted, he 
wrote a long report, in which he advised that that company’s lines 
should not be made tramways, but light railways; and, as in almost all 
cases euch lines would be tributary to main lines, the gauge of which he 
believed was 5 feet 6 inches, he advised that the tributary branches 
should be laid to the same gauge ; but he coupled that advice with what 
he thought, was an important condition, which was, that the load upon 
each pair of driving wheels of the engine to run on such lines should be 
limited to the greatest load that could by possibility come upon any pair, 
of wheels іп a train. He calculated 6 tons on each pair of wheels, and 
he did во for this reason ; he considered that the tributary lines in India, 
if intended to pay, ought to be worked by the rolling stock of the parent 
lines. АП the rolling stock of the parent lines, except the locomotives, 
might with safety be carried оп rails of not more than 36 lbs. to the yard; 
but there must be locomotives of not more than about 18 tons on three 
pairs of wheels, or if of 24 tons, on four pairs of wheels, thus equalising 
the total load by placing 6 tons on each pair of wheels. But, whether 
the gauge was 3 feet 6 inches, 4 feet 6 inches, or 5 feet 6 inches, the 
rolling stock need not be comparatively heavier in proportion to the 
greater width of the gauge: and if the weight were restricted to 6 tons 
on each pair of wheels, the light permanent way would be able to do the 
work. The report to which he alluded, after being considered by the 
directors, was not acted dpon. The line between Arconum and Conje- 
veram, forming a junction with the Madras main line, was of the gauge 
of 3 feet 6 inches; but since then, the governments of the three Presi- 
dencies came to the determination that no tributeries to main lines should 
in future be of any other gauge than 6 fect 6 inches. The only condi- 
tion on which a narrower gauge was to be permitted, being where the 
line was not tributary to а main line; and even tbat, he believed, was 
not yet fully determined upon, His own opiniop was, that the Govern- 
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ment would adhere, in all cases, to the resolution requiring the gauge of 
6 feet 6 inches. On the otber hand, the objection to a uniform gauge for 
both main line and tributary branch was, as alleged by the managers of 
the companies, that they had no proper control over their servants; and 
that if a man was aconstomed to drive an engine of 30 tons on tbe main 
line, he could, if he chose, ran the seme engine on to the lighter road, 
very much to Из injury; whereas, having a different gauge effectually 
prevented this being done. He thought that there should be no separate 
establishment for the repair of thosc engines, but that all the locomotives 
should be the property of the parent company; the cngincs could then 
go to the same shops to be repaired, which would bo a convenient and 
economical arrangement, particularly on а short branch. On the line to 
which he had referred, he had been obliged to send out all the tools 
necessary for the repair of tbe engines of 3 feet 6 inches gauge, whereas 
if the gauge of 5 feet 6 inches had been adopted, arrangements might 
have been made for the whole of the rolling stock to bo repaired by the 
parent company, under an agreement with the branch undertaking. He 
thought it was more important to limit the weight on the driving wheels 
than to fix any particular gauge, the latter being a matter which must 
be determined by the circumstances of each case. After a good deal of 
consideration on the subject, he thought if he had now to establish a 
mu to be used all over the world, jm should fix it at 6 feet 4 inches, 

e Irish gauge of 5 feet 3 inches was a very good gauge. Тһе Indian 
gauge of б feet 6 inches was also a good gauge, but it necessitated а 
rather heavy rolling stock ; while the gauge of 4 feet 8} inches was іп 
his opinion too narrow. At the same time, unless there was some strong 
reason for departing from the universal gauge of any country, he would 
follow out that gauge in even the light tributary lines. 

With t to Queensland, the government of that colony had 
decided beforehand upon making its lines on the gauge of 3 fect 6 inches, 
and the plana were referred to him for confirmation: more than 100 
miles were now being constructed, and authority had been obtained for 
200 miles more, the “ matériel” of which was now being prepared. In 
the case of the Indian Branch of 3 fect 6 inches gauge, all the “ maté- 
riel” and folling, stook had been sent out from England, the sleepers 
being of teak. е line was laid upon ап old road; which was granted 
to the Company y the Government, and which required some alterations 
in its curves and gradients. The total cost, including rolling stock, 
would be not quite £3,500 a mile. 

With г. to the radiating axle boxes referred to in the Paper, and 
which had been adopted for sharp curves on the Norwegian lines, he 
‘was so satisfied with them that he was sending such boxes out to 
Queensland. He believed, that on the Queensland railway, 5 chains 
was the sha curve, and that 1 in 40 was the steepest inclination : 
that the weight of the rails was 401lbs. to the yard, and that the engines 
with six wheels did not exceed 15 tons, in steam, ready for work, exolusive 
of their tenders, carrying fuel and water. à 

The most important reason for using the narrow gauge, in this instance 
was for the construction of circuitous lines through mountain ranges, where 
3t was impossible, except at very great cost, to have curves of long radius. 
If it had not been for thesharpe curves, he would not have recommended 
the narrow gauge for the Queensland lines; and it must be borne in 
mind that these being the first railways in that colony, there was no 
existing gauge to which the gauge of these lines had to be adapted. 
He hoped, however, that his remarks did not lead to the supposition 
that he would lay down a railway, with a gauge of 5 fect 6 inches, to.a 
slate quarry in Wales; his observations applied only to such lines as 
were tributary to main systems of railways. 

Mr. Peter Braff remarked, that all the Norwegian lines alluded to, 
wore isolated. Tho original line made by Mr. Stephenson and 
Mr. Bidder, had been extended to the confines of Sweden, and was 
entirely constructed on the gauge of 4 fect 84 inches, with which the 
other lines of tho country were nover likely to be brought into com- 
munication. Radiatingaxle boxer, he understood, had been recently 
introduced on the Norwegian lines with considerable success ; the weight 
of rails generally adopted was 371bs. to the yard, laid in lengths of 21 feet, 
tho rails being flat-bottomed, 34 inches high, with a base of 3 inches, 
laid on croes sleepers, and fish-jointed. In some cascs a plated joint had 
been used, which, from the experience obtained in England, was not 
considered a desirable arrangement. Upon the subject of narrow gauga 
Norwegian railwaye, he had, however, received a communication from 
Мг. РіЫ, who, іп 1856, was entrusted by tho Norwegian Government 
with the task of supplying railway communication between Throndhjein 
(about 350 miles northward of Christiana) and Storen, the point from 
which two main carriage roads ran south; and between Hamar, on tho 
Lake Mjosen, about 56 English miles north of Christiana (with which it 
was in direct communication by rail and steamer), proceeding eastward to 
Bleverum, upon which the traffic of the Glommen Valley converged. 
Mr. Pihl stated, that he determined, from the difficulties of the country 
and the smallness of the traffic to be accommodated, that he should not 
be justified in recommending such an outlay as would be involved by 
the formation of а railway as ordinarily constructed; he therefore 
recommended a gauge of 3 feet 6 inches, This was adopted by the 

Government and confirmed by the legislatura (Storthing) in 1867, and 
shortly afterwards the works of both lines were proceeded with. 

The works upon the Hamar line, being the more easy of construction, 
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were sufficiently advanced to be used for goods traffic in the summer of 
1861. The total cost of this line, for 244 English miles, had amounted 
to about £3,000 per English mile. This included a large iron bridge, 
on stone piers, about 900 feet long, for ordinary road purposes only ; the 
rolling stock of 3 locomotives, 6 passenger oarriages, $ break vans, and 
50 goods wagons, with the necessary ballast wagons and tools for 
repairs; also two terminal stations, and six intermediate stations and 
stopping places, a carriage shed and a small repairing shop. Although 
the works were not of & heavy character, there were nevertheless many 
difficulties to contend with, the line having to ascend upwards of 400 
feet, and to cross oxtensive and deep swamps. 

The Throndhjein line of 314 English miles, running through a ditficult 
Country, required many heavy worke of construction, among which were 
numerous large bridges, some being from 70 feet to 100 feet high, several 
cuttings containing from 60,000 oubic yards to 70,000 cubic yards 
each, and others through rock of more than 30 feet in depth. The cost 
of is line vos. зман greater than qe former, in about £5,000 
per English mile, including 4 engines, 8 passenger carriages, 3 
vans, 65 goods and plank Спери, besides 20 ballast trucks, with the 
necessary implements for the repairs. There were besides the terminal 
stations, six intermediate stations and three stopping platforms, At 
Throndhjein there were also goods and carriage sheds, and à workshop 
for the repair of the rolling stock. This line had to oross a ridge more 
than 500 feet in height, in the first Norwegian mile from Throndhjein. 
The groater part of this distance was constructed on one side of the ridge 
with gradients of 1 in 42 and | in 64, and on the other side of 1 in 52, 
the curvature being of about 900 feet radius; whereas on the other portion 
of the line, where the gradients were seldom more than 1 in 100, curves 
of 750 feet were frequently resorted to. The width at the formation 
level in cuttings and on embankments was 13 feet nearly; the slopes, 
according to circumstances, were from 14 to 1, to3to 1. The ballast 
was 8 feet wide at the top, and 1 foot 9 inches in thickness; the al 
were of half round pine, 6 feet 6 inches long, placed 2 feet 6 inches apart 
on the curves and steep gradients, and 2 feet 9 inches apart on the 
straighter portions of the line. The rails were flat-bottomed and fished 
at the joints in the usual way, 3} inches in height, and weighing 371Ъв. 
per yard, except on the steep inclines, where rails of 41 lbs. per 
yard were laid. The rails were fastened to the sleepers by dog-spikes 
only, no bolts or bottom plates being used. Ransomes’ chilled croseings, 
and Wild'sself-actings witches were used throughout. The bridges were 
all of timber,except where large rivers had to be crossed, and spans of from 
50 feet to 100 feet were required, in which case stone piers were carried 
up above flood level. The superstructure made use of in those cases was 

owe's system of trellise work, with iron suspending rods. The rolling 
stock consisted of tank engines with three pair of wheels, two pairs being 
coupled for drivers, these having an available weight for traction of from 
11 tons to 12 tons, out of the 14 tons to 14 tone, the total weight. The 
last engines procured were provided with bogies, on Bissel’s or Adams’ 
system. Тһе cylinders were 10 inches in diameter, with a length of 
stroke of 18 inches, and the driving whecle were 3 feet in diameter. 
All the engines were made in England, with the excepti.n of one made 
at Throndjein, and were working efficiently. The passenger carriages 
were constructed to carry the usual number of passengers, as in England, 
and were arranged for two olasses only, the compartments being fitted 
up as first and third. The goods wagons were made to carry 5 tons, 
and were only a few inches narrower than the ordinary kind, there 
widths being obtained by having the springs attached to brackets inside 
the sole bars, thereby allowing the loworing of the body, and in conse- 
quence, the centre of gravity. The buffers were all central, and 2 feet 
6 inches abovo the rail level, and served also as draw-bara. Тһе 
couplings on those last constructed were sclf-acting when the wagons 
were brought together. Ав this narrow gauge allowed a correspondingly 
larger whoel base than the ordinary gauge, the wagons ran very 
steadily. Sore of the wagons were constructed to carry planks 244 feet 
long, and had a length of wheel base of 13 feet. 

The usual rate of speed was about 15 miles per hour, including 
stoppages, and the trains ran quite as steadily on this line as on the 
broader gauges. The traffic on these lines, though considerably below 
that of the lowest of the English lines, had already fully paid the working 
expenses, whilv the impulse given to the development of the resources 
of the country must undoubtedly, in course of time, produce a corres- 
ponding and satisfactory increase of revenue. 

In order to show the economy of construction, Mr. Pihl mentioned 
that simultaneously with the construction of these lines, an extensiun of 
about 50 English miles was constructed, from the old trunk lino built 
by Messrs. Stephenson and Bidder in 1850-53 to the Swedish frontier, 
of the ordinary gauge of 4 fect 84 inches, the cost of which was about 
£6,400 per English mile, the rate of wages and the class of work being, as 
nearly ав possible, of the same description. 

In addition to the two narrow gauge lines described, there was in 
course of construction, another line of tho same gauge, between the town 
of Drammer and the Lake Randsfjorden, about 57 English miles in length, 
besides several branch lines in preparation. None of these several lines 
would ever have been made, had not the small cost justified and en- 
couraged the undertakings. 


(To be concluded in our пегі.) 
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GEOLOGY AS APPLIED TO ARCHITECTURE.* 


Bv Јон» Ссммтче, F.G.8. 
(Continued from page 211.) 


To CRUMBLE away is the very nature of stone; indeed, every 
formation has been produced ty the weathering of a preceding 
bed of rock, either by wind or rain, mechanically or chemically, 
or by both, or by the beating of seas or rivers Оп the surface: 
"We cannot expect, then, that the same materials, hewn and 
placed in a building, will more successfully withstand similar 
influences. All, however, are not open to the sanie amount of 
estrdction, and the selection of the most enduring is possible; 
Bandstones are nitet with, as we have already seen, in almost 
every stratum, but very few of them are of any value for con- 
&tructional purposes. Sandstone in every case consists of larger 
or smaller particles of silica or flint, held together either by 
mere aggregation, by calcareous cement, or by oxide or car- 
te of iron, and sometimes by silicious cement; the last- 
hamed are ülways the best and most indestructible. The most 
pontes examples should be selected, and those free from 
. Sandstones, however, do not generally commend them- 
selves for enduring qualities; but occasionally examples have 
been employed that have stood the test of centuries and re- 
mained uninjured. At the time when the Houses of Parliament 
were about to be erected, a committee was appointed to decide 
upon the most useful dnd lasting stone to build them with, 
and the prominent buildings of this country were examined as 
to their state of preservation and the length of time which had 
elapsed since their erection. Of the llth century, Chepstow 
Castle, partly built of old red saridstone, is decomposed; Dur- 
ham Castle the sanie; Fountains Abbey and Kirkstall Abbey, 
both much decomposed ; and the only 11th century work шеп- 
tioned as being built of sandstone, which is still sound, is Rich- 
fhond Castle, even the mous and carvings of which are 
said to be ina perfect state. The examination was conducted 
through the prominent buildings of the 12th, 13th, 14th, 16th, 
And 16th centuries, dnd the result was not sufficiently satisfac- 
tory to induce the committee to recontmend sandstone for its 
durability. 
The sandstones used at the present time are better than those 
ormerly employed. The Craigleith sandstone, from the car- 
niferous formation іп the vicinity of Edinburgh, is the most 
satisfactory, ds it contdins 98 рег cent. of silica, and only about 
1 per cent. of carbonate of lime. The sandstones from the 
Metone Grit of Yorkshire are good, and where used have 
ted for centuries. А very hard and lasting stone (if well вез 
lected and used ind прие is the firestone from Ше Greensand 
Rocks. In the neighbourhood of Godstone and Nutfield many 
buildings sre constructed of it, and appear to last well. The 
same quarry, however, often yields various qualities of stone. 
Patteson Court, Nutfield, the residence of Mr. Norman Wilkin- 
son, is built of this stone from a quarry on the property. The 
older portion of the house is in perfect condition: the more 
recent, although built of stote from the same quarry, is flaking 
off and crumbling away rapidly. The sandstones from the 
Wealden formation, бесік ИН some of them sppear very 
hard, soon crumble to pieces, and should on rio account be used 
for any building intended to last. This stone has little or no 
cementing material in it, unless (as in some cases) carbonate of 
iron, which would be better absent. Sandstone mdy sometimes 
be employed in situations where moisture is the rule, when in 
exposed places it would be liable to destruction by the atmos- 
phere. Г selecting sandstone for building, and, indeed. any 
stone, it is well to observe in any adjacent quarry how the un- 
disturbed surfaces have behaved themselves on exposure to the 
Weather. Experience must of course decide, for many sand- 
stones that are soft in the quarry (when newly cut) become hard 
And very good afterwards. Limestones for building purposes 
may be classified as Portland and Bath oolites, magnesian lime- 
stone from the Permian formation, and the various carbonates 
of lime, such as marbles. Foremost of all stands the Portland 
stone for colour, durability, and ease of working, but not for 
cast. Even this stone must be carefully selected. Many beds of 
stone are found in Portland, not all of which yield the material 
which has made the island famous. The best stone is denomi- 
nated the White bed, and the terms Cap, Kerf, Roach, are applied 


е Head before the Architectural Association, lst June, 1866. 
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to the remainder. The Roach beds consist of open stone, contain- 
ing the casts of numberless shells, and is used with success in 
submarine works, but they are not good for surface works. In many 
cases where Portland stode has failed in London, the material 
has been obtained from the western side of the island. These 
instances should warn the architect to state specifically the bed 
of stone he wishes to employ and the quarry from whence it is 
to be obtained. St. Paul's Cathedral, Greenwich Hospital, St. 
Bartholomew's Hospital, the west towers of Westminster Abbey, 
are all built of Portland oolite and are in good condition. The 
magnesian limestone has commended itself to architects for its 
fine colour, ease of working, and tolerable endurance. There is no 
building stone, however, that differs so much in quality as the 
magnesian limestone. This is well illustrated by the Нора of 
Parliament. In 1839 a Commission was formed to enquire what 
was the best and most enduring stone to employ for their erec- 
tion. The geology, the cheniistry, the mechanical science, the 
experience of.the country, were well represented. Hundreds 
of buildings, whose dates extended from the 10th to the present 
century, were examined. These buildings were of sandstone 
and hmestone, and careful statistics were obtained. After 
mature deliberation, magnesian limestone was selected, upon the 
strength of the fact that Southwell Church, Nottingham (built 
in the 10th century of that stone from Bolsover and Mansfield), 
Bolsover Castle, 1629, and other odifíoós, had stood the test of 
centuries, and were perfect still: The opinion of the Commission 
is given іп the following words :— 


We feel bound to state that, for durability as sustained in Southwell 
Church, for crystalline character, &c., and for advantage of colour, the 
magnesian limestone, of Bolsover Moor, is the most fit to be employed 
in the proposed Houses of Parliament. 


And these gentlenien arrived at the above conclusion after well 
considering about 30 or 40 varieties of building stones, and ex- 
amining hundreds of buildings in which they were used. Stone 
from tHe quarries of Anston was afterwards found useful when 
large blocks were needed, at the suggestion of the late Mr. 
СН. Smith. The Marquis of Bredalbdne made the offer of 
any quantity of granite Bom the neighbourhood of Oban, and 
it would seem almost a pity it was not accepted. 
. Twenty-two years have elapsed since the selection of stone 
from Bolsover Moor dnd its neighbourhood; and then it became 
Песевзагу to inquire into the cause of the decay of. the stone of 
which the Houses of Parliament were built. The evidence 
shewed that Southwell Minster, upon the perfect state of which 
so much reliance had been placed, was not built of Bolsover 
stone, but of Mansfield stone. Large quantities of stone were 
used from Anston becaüse large blocks were more edsily ob- 
tained. Care was not taken to select particular beds; the 
softest stone was sometimes wittingly selected because it was 
easier to work; and sufficient importance was not given to the 
employment of the best stone in positions where damp and rain- 
ip were sure to exercise their baneful influence, in combina- 
tion with the chemical disintegrators of а London atmosphere. 
Most of the evil might have been obviated if & competent 
rson had been employed to examine every block of stone sent 
rom the quarries, Ба а шап was Мг. С. H. Smith, and £150 
a year was offered to him for the work,—a rm, indeed ; 
but he was willing to undertake the work. en ready to 
commence he inquired who was to "m him; and as the architect 
said the Government would, and the Government said the 
architect ought, Mr. Smith, seeing no prospect of femuneration, 
did nothing further in the matter. No one was appointed, and 
of course the office of inspector was neglected. 
Anston stone has stood well in the Geological Museum, 
Jermyn Street, but very badly in the Hall in Lincoln’s Inn, 


both built at the same time, from the same тану. The 
evidence of Mr. Grissell proved that in the latter buil ing, the 
; hence 


foreman unchecked deliberately selected the softest stone; 
the decay. In the former, gi Н. De la Beche selected the 
stone himself. You will perhaps say the failure of the geolo- 
gists, chemists, &c., to select durable stone, militates against 
my theory of the usefulness of such knowledge as they pos- 
sessed, but the mistakes of our forefathers are our lesson books, 
and no more instructive comment on the question we are 
discussing can possibly be obtained thd the Blue Books of 
1839 and 1861, containing all that is known or can be said upon 
the subject. The committee of 1861 elicited the following 
statement from three chemists, Hoffman, Franklin, and Abel, 


5+ 


226 


who were appointed to examine into the reason of the decay of 
building stones, and it is so interesting that I think Із be 
pardoned if I give it entire. 


ded from в purely chemical point of view, the difference in the 
resisting power to corrosive agents of different stones, would appear at 
first sight to depend entirely upon their chemical composition ; but even 
a moderate acquaintance with the properties of the components of such 
building-stones demonstrates that there are other conditions at least 
equally instrumental in determining the degree of permanence of 
different stones. 

It is a well-established fact, that the same chemical substance exhibita, 
in diffcront conditions, a great variation in its behaviour with chemical 
agents. Numerous examples might be quoted in illustration of this. 
Thue, marble and chalk are chemically identical, but, owing to the 
difference in their physical structure, tbe ono being crystalline and the 
other amorphous, the former i» much less readily acted upon by acids 
than the latter. Again, artificial peroxide of iron ia readily soluble in 
acids; peroxide of iron, in the form of hematite, is attacked with 
difficulty by acids; and the same oxide, after exposure to a powerful 
heat, is almost entirely insoluble in acids. The influence of aggregation 
in these instances, and in numerous others which might be quoted, is 
obvious and generally admitted by ohemists, however different and im- 
perfect may be their views regarding the connexion between physical 
condition and chemical effect. : 

The observations just made regarding the behaviour of substances, 
such as enter into the composition of building-stones, cannot but apply 
with equal force to the aggregates of such componcnts—to the building- 
stones themselves. 

The atmospherio influences to wbich building-stones are subject are 
many of them essentially chemical actions, involving processes analogous 
to or identical with those performed in the luboratory, although, from 
the extreme dilution of the chemical agents, as existing in the atmosphere, 
they must necessarily be of a very gradual character. 

There are few instances in which the influence cf the state of aggregation 
upon the permanence of a building-stone is more apparent than in that 
of the dolomitic limestone, used in the construction of the new Houses 
of Parliament. Неге, in one and the same block of stone of comparatively 
emall dimensions, we find certain portions of the surface powerfully 
disintegrated. while otbers appear in а perfectly sound condition. 
Chemical analysis has hitherto failed to establish any important difference 
in the composition of sound portions of such stones, and those parts 
which are subject to decay; it is therefore legitimate to attribute the 
unequal permanence of the stone, under atmospheric influences, to such 
structura! differences as may be comprehended under the term —state of 
aggregation. 

Before proceeding to an examination of the particular character of the 
decay observed in tbe stones of the New Houses of Parliament, it mer 
perpe be desirable to glance at the nature of the changes to whic 

uilding-stones generally are suhject under atmospheric influences. 
Under normal conditions these changes must be ascribed to the action of 
the oxygen, carbonic acid, nitric acid and water in the atmosphere. In 
the air of towns, however, there are certain other constituents, such as 
several acids of sulphur, and occasionally hydrochloric acid, which 
cannot fail to exert an additional disintegrating influence upon 
building-stonea, 

The action of oxygen must be of comparatively a subordinate 
character, its effects being confined to constituents which occur but 
rarely, and gencrally in limited proportions in building-stones; euch as 
the sulphides of iron, and the protoxides of iron and manganese; these 
compounds, being very prone to oxidation, would tend to disintegrate 
the stones by the absorption of oxygen. Of far greater importance are 
the effects of carbonic acid and water. Carbonic acid, in the presence 
of water, is a powerful solvent; it not only corrodes the calcareous and 
magnesian carbonates (more or less powerfully according to their state 
of aggregation), whether they form the principal constituents of the 
stone, or are only present as cementing materials, but is capable even of 
eras and gradually decomposing the hardest and moet indestructible 
rocks. 

Іп the case of the calcareous and magnesian constituents of stones, 
carbonic acid acts by transforming the insolublo earthy carbonates into 
soluble hi-carbonates, which are thus removed from the substance of the 
stone; whilst its influence on silicious rocks consists in the elimination 
of the alkaline bases, in the form of curbonates, and the soparation of 
the silica іп а more or lesa friable condition. The weatbering of granites, 
and their gradual transformation into the several varieties of porcelain 
olay, affords an interesting illustration of the latter kind of action. In 


the cbanges just mentioned, the carbonic acid and water are equally ` 


concerned ; the water serving not only aa a vehicle for the introduction 
of the carbonic acid into the pores of the stones, but also as a solvent 
for the products of its action. Thore are changes, however, to which 
building-stones are subject, іп which water is the eole' agent, aud which 
are more of a mechanical than of a chemical character. The expaneion 
which water undergoes on freezing, and the irresistible force which it 
then exorts are well known ; it is obvious that water freezing within 
the pores of а stone must exercise a disintegrating action not less 
powerful than those above referred to. 
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Recent researches have demonstrated that nitric acid is a frequent and 
perhaps even а normal constituent of the atmosphere, and, as such, must 
undoubtedly assist in the destruction of magnesian and calcareous stones ; 
but the proportions in which this acid has been found, sre so minute, 
hat it need not bu dwelt upon ав an important destructive agent. This 
emark, however, does not apply 10 the acids referred to above, ая 
existing in the atmosphere of towns. The quantity of sulphur-acids in 
the air of towns, where a considerable amount of coal is consumed, is 

uite appreciable. According to the determinations of Dr. Angus Smith, 
the sir of Manchester contains an average proportion, corresponding to 
one part of sulphuric acid in every 100,000 parts of air, which in the 
centre of the town, rises to 25 parts in 100,000, No numerica] data 
exist with regard to the proportion of sulphur-acids in the London 
atmosphere, hut it can scarcely be doubted that, in the neighbourhood of 
the New Houses of Parliament, they are present to an extent equal to 
the averago amount found in the Manchester air; they must, therefure, 
be regarded as among the more important agents destructive to stone, 
which are present in the London atmosphere. 

A few observations remain to be offered regarding the particular 
nature of the decay manifesting itself in some of the stone of the new 
Houses of Parliament. It has already been pointed out that, во far as 


' our experience goes, we are inclined to attribute the local character of 


the decay to structural differences, obtaining in different parts of the 
stone. The general structyre and the composition of the stone in the 
new Houses of Parliament render it moreover amenable to all the 
sources of disintegration which we have above enumerated, with the 
exception perhaps of oxygen, which can scarcely produce any appreciable 
alteration in dolomite. Thus, the chemical action of carbonic and 
sulphuric acids, in combination with water, will gradually dissolve aud 
remove the carbunates of lime and magnesia, whilst the porous nature 
of the stone renders it liable to the mechanical effecta of water under the 
influence of frost. The presence of sulphuric ucid in the air of towns 
appears, іп the case ot magnesian limestone, to bring into play another 
process of destruction. This acid not only corrodes and renders soluble, 
as we have pointed out, the earthy carbonates (in which respect it 
resembles carbonic acids in ite effects) but, forming with magnesia а 
readily crystallizable salt, the well-known sulphate of magnesia, 
remarkable for the large proportion of water of crystallization which it 
fixes, it gives rise, in addition, to a mechanical destruction of the stone 
precisely similar to that produced by freezing water. The powerful 
mechanioal effects resulting from the solidification of water, induced by 
crystallization, are well known, although it would appear that they have 
not hitherto been sufficiently appreciated as auxiliaries in the process of 
disintegration of stone. The analogy between the solidification of water, 
by freezing and by crystallisation, is perfectly obvious, and а French 
chemist has suggested, as a means of recognising stones liable to 
disintegration by frost, to immerse them in a solution of sulphate of soda, 
and to note the subsequent effects of its crystallization within the stone. 

We have ourselves recently had occasion to observe some phenomena 
which go far to elucidate these destructive effects of crystallization. 
Tho exfoliations exhibited by many of the fictile vases deposited in the 
British Museum were found-to be due to Ше formation and cryatalli- 
zation, witbin the substance of the vesscls, of nitrate of lime, Again, in 
experiments on the preservation of fabrics by impregnation with saline 
substances, it was found that the crystallisation of sulphate uf magnesia 
within the material, produced a disintegrating effect upon the fibres, 
sufficient greatly to weaken the material. 

Іп conclusion, we would remark, that the effect attributed to the 
crystallization of the sulphate of magnesia, in assisting the devay of 
dolomitic stones, and more particularly of those used in the construction 
of the New Houses of Parliament, is borne out by the existence of a 
marked cffiuresoence of sulphate of magnesia upon those portions of the 
stone where exfoliation has taken place. 

We have, &o. 


А. W. Ноғмлкк. 
Е. Енамкільм. 
Е. А. Аве. 

Numerous processes have been patented, and some have been 
tried, for clothing stone buildings with a silicious coating, so as 
to exclude the action of moisture, the chemical action of the 
atmosphere, and the mechanical action of frost; but none, I 
believe, have quite equalled the expectations of their inventors. 
I will not enter into the merits of any of these processes, as 
they do not strictly belong to my subject. 

he action of frost upon stone may be illustrated by tbe 
method employed by the quarrymen ot the North. Instead of 
using the powder for blasting (a certain quantity of which is 
served out to them) in anticipation of a frost they cut channels 
in the stone to be detached, and fill them with water in the 
evening, and generally the expansion of the water in the act of 
congelation effects the purpose. 

A point, the importance of which is too often ignored and 
neglected in the employment of stone for building, is that 
of placing each stone upon its natural bed. All rocks bave 
been deposited either grain by grain or layer by, layer. It 
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is quite certain, then, that force applied to them will act 
more readily on the plane of stratification than upon the trans- 
verse section. If stones of no great adhesion in their par- 
ticles be built into an edifice on end, it is equally clear that frost 
will act upon them, detaching layer by layer more readily than 
if the ends only of the layers were exposed to its action. There 
are numerous examples in Oxford of the carelessness shewn in 
this particular, and by the small-poxed aspect of several buildings 
we are warned to use as much cireumspection as possible in this 
d de to prevent similar results in the present day. 

o obtain а complete knowledge of the available buildin 
stones of the British Isles is easy. At the Museum of Practi 
Geology in Jermyn-strect, there are cubes of nearly all the stones 
that have been used in building the principal edifices in the 
kingdom in past and present times. Those who wish to see how 
the varieties of stone may be employed for architectural purposes 
should visit the Oxford Museum. Professor Philips thus 
describes the stones of which the building is composed; he says— 


Though the stone of which the Museum is built, and the marbles 
which are employed in the internal decoration, can hardly be regarded 
asa part of the collection of rocks, they must be included among the 
objects to which the student of geology should devote some attention; 
and were indeed in part selected for the purpose of adding to the illustra- 
tions of that science. 

Some variety of colour in the front of the building was desired by the 
architect; and in the interior one hundred and twenty-seven polished 
shafts, which the structure required, gave opportunity for exhibiting а 
specimen of almost every kind of British marble. 

The wall-stone for the exterior of the building was obtained chiefly 
from the quarries in the Great Oolite at Box, near Bath: it is varied by 
red sandstone from Bristol, and marlstone of a green tint from Hornton. 
The cornice round the towcr is of Irish mountain limestone. In the 
arch of the porch, red Irish limestone, green marlstone of Hornton, and 
white Italian marble, are employed. Slabs of Portland stone have been 
placed in the spandrils for carving. 

In the interior, brick is used in the lower colonnade, and in the walls 
of the court, the arches of which contain red sandatone from Bristol, and 
a somewhat softer stone, of paler tint, from Coventry. The court is 
paved with yellow and red stone from Mansficld, and grey stone from 
the Forest of Dean. The shafts to the arches of the corridors are formed of 
varieties of English, Welsh, Scottish, Irish and Jersey rocks. The bases of 
all the shafta, and the capitals of those in the lower corridor, are of Caen 
atone. The sculpture of the capitals and corbels is intended to repre- 
sent examples of the principal nataral orders of plants: the ornamental 
carving on the bases is taken from British plants. 


Geology and architecture have here united to produce much 
to admire artistically, and more, if possible, to educate to a just 
appreciation of the combined power of art and science. 

knowledge of geology will be found useful to the architect 
when called upon to suggest places in which to sink wells. The 
site of buildings in the puny hen depends upon the ease with 
which a supply of water can be obtaincd. Numberless are the 
cases in which neglect in this particular has caused great incon- 
venience and outlay. What is the meaning of a spring? It is 
rain water that has found its way into the permeable strata of 
the earth, and by some impediment, as a fault in the strate- 
fication, a thinning out of the water-bearing seam, or the basin- 
like form of some of the depositions has been pent up, as it were, 
and wherever a fissure or vent, either naturally or artificially 
produced is made, the water bursts forth. Wells are of several 
inds, all depending, however, upon the relative position of the 
strata from whence they proceed. Thus, if we have an inclined 
stratum of impervious clay, over which there is a deposit of sand- 
sandstone or porous limestone, and then again a bed of clay, nature 
has provided a main that has only to be tapped to produce a 
supply, commensurate with its size and the level at which it is 
tapped. If again this main in one spot or other has slipped 
down, producing what is technically called a fault, that is to say, 
when the porous bed is stopped by the juxtaposition of one of 
the clay beds, we have a reservior, and, in this case, the water 
will rise through any aperture in the superincumbent mass till 
it acquires the level of à the highest unobstructed part of the 
water-bearing seam. 

Artesian wells, so called from Artois in France (where at one 
time great success attended the method of procuring a water 
supply), have much to recommend them. Тһе rationale of their 
action is simple. Let us take London and the neighbourhood. 
In a depression in the chalk of a basin-like form are deposited 
alternating beds of sand, gravel, and clay. "Water falling on the 
upturned edges of the more porous of these fills them, but the 
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water cannot escape to reach its own level, for the clay above 
retains it. In the Artesian well this stratum of clay is arped; 
and by a small opening, the water eagerly rises till it finds the 
level of the whole ак in that one porous stratum. Sometimes 
when a large supply of water is required the boring is continued 
through all the tertiary beds till the chalk is reached, and here, 
from the enormous area of chalk exposed to the rain fall, a per- 
manent yield of water may be relied on. 

One well at Lellers, in France, sunk in 1126, has gaon the 
same quantity of water unremittingly. In 1833, at Grenoble, a 
well was sunk to supply Paris with water, and at 1800 feet from 
the surface a supply was reached yielding nearly one million 

ons per dicm, the first rush of water rising 120 feet above 
the surface. 

The Artesian wells in London and its vicinity are numerous, 
and vary from 200 to 500 feet indepth. To attempt (аз has been 
done) to make thesc borings without a knowledge of the geolog 
of the district will nearly always result in, disappointment 
lamentable failure. 

Some beds having a free egress at their lowest extremities, 
instead of yielding water, act as mere drains, and sometimes 
carry off what can ill be spared. A case occurred some few 

ears since which will illustrate this. A gentleman, encouraged 
i the success of a neighbour, sunk a well in his garden, and 
obtained but a moderate supply of water, and this not per- 
manent. He had reached a stratum of stiff clay on which 
rested а thin bed of sand. Determined to seek a larger spring 
he sunk his well at considerable cost through the clay. You 
may conceive his dismay, when, at one hundred feet, he dis- 
covered that he had lost his first spring and had not gained a 
second. Why? Because he had virtually made a hole in the 
bottom of his well and drained it into a stratum of sand thirsting 
for all the water it could get. The operation of draining wet 
lands has often been facilitated by the application of this fact in 
geology, and thereby the cost of conveyance through pipes to 
a distance has been saved. | 

On the importance of geology, in ascertaining the positions 
in which water will most "Likely be met with in the strata of the 
earth, General Portlock remarks—'' If we were in а country in 
which we desired to know whether it would be possible to find 
water, our geological knowledge of stratification would enable 
us to predict that after penetrating a certain portion of porous 
strata, we should find a bed of clay retaining water, and hence 
that, by artesian boring we should procure it; but, if on the 
other hand, we knew that there was nothing but a great mass 
of sand, and we were not aware that there was ae clayey or 
other stratum capable of holding up the water we should know 
that it would be useless under such circumstances to seek for 
it. In like manner, we should not look for water in granitic 
rocks. I recollect an instance myself at Fort Henry, in Upper 
Canada, where there was а great desire to sink a well in the 
fort. Resort was had to that old expedient of which perhaps 
all have heard, the turning stick and the knowing man, having 
held his stick in his hand of course it turned round, and at the 

lace to which it pointed it was assumed water would be found. 
Fhe authorities were so deeply impressed with the accuracy and 
certainty of this mode of discovering the presence of water, that 
orders were given to sink the well. This was in a solid mass of 
grae. The difficulties were great and the expense enormous ; 

t who could doubt the infallibility of the stick? Hence, 
not certainly wisely, though energetically, the attempt was 
persevered in till it became absolutely necessary to stop, an 
instance which will show you how important it is to have some 
little notion of the principles of the science.” ` 

Serious evils have arisen for the want of careful geological 
investigation in the proper disposal of cesspits and cesspools. 
Should a well and a cesspool each be sunk in the same stratum, 
and the cesspool occupy the higher part of that stratum, it is 
easy to sce that the well must suffer. But you say, we take 
care that the cesspool is at а distance and not so deep as the 
well. Such precautions avail nothing very often, for the thin 
water-bearing beds sometimes occupy various levels even in & 
small area. І know that such pits and pools are supposed to be 
made water-tight, but are they always soP Do they always n 
so? This is а question of vital importance in а country visite 
by pestilence, the predisposing causes of which are bad water 
and bad air. In making cuttings, digging wells, or in any 
other operation affecting water-bearing beds, it is necessary 
to seo that in looking to your own interests you do not damage 
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those of your neighbour. Many litigations and serious losses 
have arisen from a want of the knowledge of geol in such 
cases. One example will sufficiently illustrate this. “In 
1843, the Leeds and Thirsk Railway Company projected 
a tunnel through the Bramhope Hills, from which issue the 
springs and streams that partly supply the Eccup Reservoir, 
belonging to the Leeds Waterworks Company. In 1845, 
Mr. Curley, a civil engineer and also a Ly ist, was instructed 
by the water company to make a model of the district, for the 
purpose of illustrating the geological and engineering evidence 
Yequired in opposing the railway bill before the committees of 
both Houses of Parliament, and by which they succeeded in 
getting a clause introduced for compensating the water com- 
pany for any loss of water they should sustain through the 
Yailway works. Тһе strata are part of the Millstone Grit 
formation. There isa porous bed and another impervious to 
water. The rain therefore falling on the hills, passes through 
until it reaches the impervious bed, along the top of which it 
flows and issues at the outcrop in springs which supply the 
reservoir. The porous bed being cut through by the тайма 
works, the water was intercepted and carried into the tunnel, 
drying up the springs, as had been predicted by Mr. Curley. 
The pumping of the water alone out of the tunnel during its 
construction cost the contractor nearly as much as all the other 
works connected with it put together. Thus, the water com- 
y, by employing the aid of geology, was saved from a severe 
oss, whilst both the contractor for the tunnel and the railway 
company, by ignoring that aid, incurred heavy expenses.” 

A knowledge of geology will enable the architect to determine 
if the soil on which he intends to build will give a good founda- 
tion or not. Captain Hatton, from whom I have just quoted, 

eaks of the case of Fort Elson, at Portsmouth, as follows :— 
* During the construction of Fort Elson, at Portsmouth, part of 
the escarp wall subsided, and slipped forwards, the clay being 
squeezed up in front of it, as is shown in the diagram. This 
was owing to its having been built upon the London clay. The 
treacherous nature of this clay, and its great tendency to sli 
and be squeezed out when any weight is put upon it, is we 
known to geologists, and I may add, to Бі Қабы directors and 
engineers, the cuttings in it being always a source of trouble 
and expense. When the South Eastern Railway was first made 
the slips in the cuttings through this formation were so great as 
occasionally to stop up the line; and even now the vibration 
produced by the passage of trains often causes slides to take 
place, or loosens portions in such a way that the next shower 

rings them down. If then the weight alone of the fort, and 
Беда cre before it NM finshed, was талаа to make tho 
oundations give way, what might we expect to have пе 
after a day's hoe Ring from tt, and after a battering fon the 
enemy's P cautions have now been taken against these 
accidents; but, if the knowledge of geologists on the subject 
had been used, the expense of pulling down the sunken portion 
of the wall and repairing it Зола have been saved.” 

In finding limestone wherewith to make cement, sand for 
mortar, slates for roofing, &c., geology will be found to render 
material assistance. When the inland fortifications were bein 
constructed for the defence of Portsmouth, cement was wanted 
for the construction of the new forts. This cement was made 
from nodules of calcareous clay called septaria, which come 
originally out of the London clay; but at Harwich, from 
whence the prom al supply is obtained, they have been washed 
out of the clay and аге ed up in large quantities from the 
sea. Now the forts at Portsmouth are built on the same 
London clay in which these septaria are found ; but, in ignorance 
of their nature, they were actually broken up to mend the 
roads, while others were brought by rail to e cement. At 
Torry Foot, near Aberdeen, а case was given me by the Rev. 
James Crombie, author of “ the Geology of Bremar, relative to 
the necessity of geological inquiry where building materials are 
wanted. In the erection of the fortress of To oot, near 
Aberdeen, instead of taking gravel from the neighbourhood, 
sand for mortar was taken from the sea-shore, quite saturated 
with salt. The consequence was that, when frost set in or the 
guns were fired, it trickled down from between the blocks of 
granite like the sand in an hour-glass. 

Road materials especially call for the knowledge of the science 
we are discussing, to ascertain the fitness or the reverse of the 
adjacent rocks for the purpose. Geology having determined the 
stratum upon which the road is to be carried, the material 
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wherewith to metal it must be sought. Tough stones are 
prenne to hard ones, flint is hard and easily broken, some 
imestone is tough but soft, chert which isa kind of flint, is 
both tough and hard. Granite and many of the early rocks 
make excellent roads, but their selection requires great care. 
Syenite is often the very best metalling & tod can have, but із 
not everywhere to be had. The materials used іп the con- 
struction of the road in the Crimea from Balaclava to the front, 
were whatever happened to be nearest. These from the 
harbour to tho top of the plateau were oolitio limestones and 
sandstones, and all the rest of the way soft tertiary rocks. 
Now the whole of these, with the exception of a hard crystalline 
limestone in the oolitic series, are very inferior materials for 
roads, and when there is much heavy traffic, as was the сазе in 
the Crimea, are sure to be soon ground down into mud. But 
the beach outside the harbour of Balaclava is composed of 
compact greenstone, the very best -making material known ; 
so much so, that large quantities of it are brought from the 
Channel Islands for the streets of London; and if a geological 
survey of the country had been made this must have been found, 
and a good military road would in all probability have been 
with it. The instance I have quoted shews the value of a made 
knowledge of geology to the engineer. I might, were it ne- 
cessary, multiply cases in which geology if pressed into the 
service of the architect, would amply repay him the time spent 
on its study. 

I hope that the little insight I have given you of this science 
in its application to architecture шау beget a desire to dive 
deeper into and learn more of a study that cannot fail to interest 
all who pursue it. A little knowledge of geology will not 
be found a dangerous, buta very useful thing to Ше modern 
architect. 


—— 
THE TELEGRAPHIC SYSTEM. 


Ox the first day in the present year great reductions were 
made in the telegraphic tarif between various states of the 
continent, and the Journal des Débats has seized the occasion 
to show how wide-spread the system has become, and what 
means of communication now exist іп Europe and between that 
and other parts of the world. It appears that on the lst of 
January there existed nearly seven thousand telegraphic offices 
in Europe. Two lines connected Europe and А са, one going 
from Marsala, in Sicily, to Biserta, in Tunis, and being in con- 
nection through the lines in the latter country with Algeria; the 
other line extends from Malta to Bengazhi, in Tripoli, and is then 
continued to Alexandria, in Egypt, by a cable which runs along 
the coast. This second line was intended to make part of the 
great one to India, but the difficulty of preserving a cable on the 
coral reefs of the Arabian gulf made it necessary to seek another 
course; its use is therefore limited to communication between 
Europe and Egypt. The last named country is also connected 
with Europe, as well as with Asia, by a line which traverses Syria, 
touching at Jerusalem, Aleppo, Tripoli, Beyrout, crossing the 
Bosphorus, and joining the lines of Turkey, in Europe. 

Dispatches for India may be sent by two routes. The first is 
by means of the Italian lines, the cable which connects Otranto 
and Vallona, and the lines of Turkey, in Europe and Asia, and 
reaching to Bassora onthe Persian Gulf it then pun by means of 
cable submerged along the coast as of that guif and of the gulf of 
Oman, and is connected with Indian lines at Kurrachee. The 
second route is by way of Russia, the Caucasus. and Persia, to 
Вавкога. ‘The Indian telegraphs possess one hundred and sixty- 
one stations, and the island of Ceylon four. 

Dispatches for China аге now aent by way of Russia, and are 
transmitted through the lines of Russia proper and Siberia to’ 
the Tartar frontier town of Kiachta. From thie point they are’ 
carried by the Chinese poet.to Pekin, a journey which occuptes 
fifteen days. 

America is not yet brought into telegraphic relations with 
Europe, but Bussia and America are conjointly at work in 
establishing a line by way of Siberia and Behring's Straits. The 
third attempt to lay the great transatlantic cable, as is well known, 
is now occupying the attention of the whole world; aud another 
line, long projected, that of M. Bulectrini, is expected to be car- 
ried out shortly, through the co-operation of several continental 
states with the United States Government, or an American eom- 
pany. 
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Auoxa the vast works recently executed or being proceeded 
with at home, the main drainage of London and the Thames 
embankment stand prominently forward ; the former beyond all 
precedent the noblest, and so far most successful work of 
municipal sewerage ever produced; for antiquarian rubbish as 
to the cloace of ancient Rome seems to rest on no foundation of 
rcality, and from personal examination I can state my own view 
to be that the so-called Cloaca mazima was never intended for 
а sewer at all. 

The water of the Thames already begins to sparkle under 
even its partial defecation. There is good ground for wishing 
that the outfalls, however, were removed farther down the river, 
and the Essex sewage project of Messrs. Bateman and Нешапв, 
if carried out, will be attended with that advantageous result as 
respecte the greater portion of the discharge from the northern 
sewers. 

Like projects are mooted for the south side of the Thames, 
and it may be said that in all probability the final completion, 
under the able conduct of Mr. Bazalgctte, of the stale main 
drainage system, will not tardily result in vast improvements 
and extensions of the methods of distributing sewage as manure 
over large tracts of arable and pasture land, to be т 
followed by the general defecation of our rivers and streams a 
over the country, and the utilization of the manure now 
poisioning them as water sources. 

The mes embankment, which now shows itself above 
water in several places, is remarkable, not by magnitude alone, 
but by the rapidity which has been conferred upon its execution, 
by the most extensive and complete system of contractor's steam 
plant ever before applied upon any work. Scores of small and 
moveable engines, a ай to hoisting, leading, dredging, 
pumping, mortar and concrete mixing, and numerous other 
purposes, have here reduced the work of years, if done by 
manual labour, to that of a few months. 

The employment of wrought-iron caissons for sinking to, or 
for obtaining foundations, have here, as well as at several of 
our new bridges on the Thames, and more particularly іп the 
two bridges at Blackfriars, under the direction of Mr. Joseph 
Cubitt, proved of the most inestimable service as methods of 
construction in water. 

In strata analogous to the London clay, where beds of stones 
or boulders are unknown, the probability is that the experience 
of the last two years has finally put an end to the old form of 
eoffer-dam for pier foundations, but where pervious, unequal, 
and stony strata are encountered, the double row of timber or 
of iron piling will no doubt continue in use. 

Besides the Westminster new bridge, the work of Mr. Page, 


and beyond question, as measured by capaciousness and con- 
venicnce, both for water passage and for traffic, the finest of 
existing London bridges, the mes has but recently been 


spanned by the Charing Cross and the New Cannon Street 
railway bridges, both of iron, and both founded on cylindrical 
hollow pile piers, and also by the fine railway bridge by Mr. 
Baker at Putney, and а new structure leading to the Victoria 
station is in progress at Battersea. In Ше form of suspension 
bridges it has accepted the Lambeth Bridge, conspicuous by its 
ugliness, though said to be, like a plain but well dowered bridge, 
in в financial point of view a success; and another, on the 
peculiar stiffened construction of Mr. Ordish, has been projected 
at Battersea. 

The rivers of the Continent have within a few years past 
been crossed by many bridges for railway or for road иа с, 
embracing some of ihe noblest structurcs of the sort in the 
world. ong these may be specially noticed the railway 
lattice лае of Dirschau, on the Vistula, which connects the 
Russian and Prussian systems of railways, in six spans, each of 
which is but thirty feet short of those of the Britannia bridge, 
and in the construction of which the great economy residing in 
the lattice, as contrasted with the tubular or box girder system, 
has been strikingly shown. The bridge of Maintz, upon the 
Rhine, is a‘fine example of construction in tension trussing upon 


the great scale. 
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Upon the same great river we may not pass without notice 
the fine bridge at Kehl and Strasbourg, the last great work of 
Emile Vuigner, whose dcath last year every engincer deplores. 
Nor can we omit the noble railway iron bridge at Bordeaux, 
the design of which, though on a much larger scale, resembles 
that of the Charing Cross bridge over the Thames, and of that 
over the Foyle at "Loudonderr , Which has been carried out b 
Mr. Hawkshaw, in near accordance with the designs furnished 
anteriorly by myself to the Londonderry bridge commissioners. 

Among the works or projects at home of the hour that in 
virtue of their magnitude or novelty claim a word of notice, 
may be mentioned the iron viaduct by Mr. Brunlees, now erecting 
over the historical Solway Frith, for giving improved com- 
munication, between the English and Scottish railway systems, 
of more than a mile and quarter long, an exposed structure, tho 
main lateral stability of which is given by its covering platform 
of buckled plates. 

In project only as yet, but likely to become accomplished 
works, we have the gigantic railway viaducts intended to cross 
the Frith of Forth, aad that proposed by Mr. Fowler across the 
Severn below Gloucester. 

Stcam ferries, to carry railway trains unbroken across the 
English Channel, and so to unite the English and Continental 
systems, have found projectors sanguine enough to propose 
them, and no doubt they are probabilities of the future. 

To the same distant, though probably less distant, horizon in 
time, belongs Mr. Bateman's bold рока for Ше supply of 
London with two hundred million gallons of water per Що ю 
be abstracted from another and a distant river basin, viz., from 
the upper reaches of the river Severn. 

Second to none of these in ultimate importance to mankind, 
and in the immediate interest which it justly excites, is the 
Atlantic telegraph, now gathering its strength afresh, after a 
second defcat, for what we hope may prove a final conquest 
over natural difficultics. Let us observe, however, that the 
misfortunes of the Atlantic cable cannot in any strictness be 
said to have been due to natural obstacles. They are all 
traceable to defective insulation, arising from mal-construction 
in the cable itself; and whenever a perfectly insulated cable 
shall have becn made, that without any hitches or hauling up 
by the way shall have been once paid out, its being laid safely, 
and asa result the establishment of telegraphic communication 
between the old and new worlds, is a mattcr of almost perfect 
certainty. Improvements daily taking place in the hands of 
electrical engineers as to the mcthods of transmitting signals 
and accelerating these greatly, give а reasonable expeetation 
that when completed this undertaking will prove remunerative. 

Human power over both cold and heat in their applications to 
the arts of industry has received lately not unimportant 
accessions. Тһе ice-produeing or freezing process of M. Carré 
by ammonia, of Harrison and Siebé by ether, and of Kirk by 
expanded air, have already found арои applications in 
chemical and other manufactures, and perhaps ere long as 
refrigerators for the brewer; while the methods of heating by 
gas burnt with only its exact equivalent of air, brought pro- 
minently and practically into use in the arts by the classical 
researches and labours of Ebelman, have received fresh interest 
from those of Deville, who has shown that the most refractory 
metals сап be fuzed by the heat of gas furnaces ; and based on 
this, and on the freedom of gas flame from the impurities evolved 
from coal fuel, has pointed out applications to the metallurgy of 
iron in particular of the highest importance—not second, indeed, 
to the improvements made by the application of machinery to 
the padding process, which has recently become in France and 
in South Wales an accomplished end. . 

While thus referring to the progress of foreign technology, a 
word may be given to note the improvements in relation to 

ublic health effected in publie baths and lavatories, and in the 
heating and ventilation of public buildings in France: the latter 
are largely indebted to the labours of Morin, whose able work 
on the subject appeared at Paris the year before last. Nor 
should we wholly pass the new processes of sugar manufacture 
invented by Kessler, and perfected by М. Demisutes, by 
treatment with the acid phosphate of lime, which seems likely 
to prove of great importance. 
aving thus dwelt upon the progress and improvements 
making in other lands, I will now refer to our engincering pro- 
gress in this country. 
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Our past president, Mr. Mullins, has given us an admirable 
resumé of the later history of civil engineering in this country, 
extending over about two centuries. It embraces nearly all 
that the practising engineer need perhaps care for. I cannot 
but wish, however, that some one yet would give us the much 
earlier history of engineering in Ireland which blends into that 
of its domestic, См, and military architecture. . For 
notwithstanding what we owe to Petrie (whose recent loss we 
still regret), to Wilkinson, and others, we remain in want of one 
to tell us, with the same loving zeal and earnestness that 
Viollett le Duc has given the history of the military architecture 
of France between the eleventh and thirteenth centuries, who 
and what were the men who, for example, reared the perfect- 
jointed ashlar of the tower of Clonmacnoise, the quaint cloisters 
of Muckruss, and the walls of Jerpoint ; who delicately chiselled, 
six centuries ago, the limestone mullions of Howth Abbey; by 
whom the groining of Clare, Galway, and the Spanish doorways 
of the old бі of the Tribes were drawn; wlio o ele and 
constructed the defiant walls and castles of Limerick, Tredagh, 
and Carrickfergus ; whose taste decided the flowing lines of the 
palatial buildings at Kilmallock; who planned the many re- 
sidential fortalices of Elizabeth's reign; or later still who 
designed and fixed the details of Strafford's palace at Naas, with 
its Dutch brick and coloured tiles and its brickwork, even now, 
in its tenantless ruin, the delight of the modern mason's eye. 

These would be noble memories, gentlemen, to up, 
though even these cannot be without occasional bitterness and 
regrets, for much even of the architectural history of this 
country is stained with violence and bloodshed ; and when these 
must be referred to it had best be with the outspoken truth 
with which Prendergast has lately told one of its saddest stories. 
But while the historian or the archeologist has occasion to refer 
to old antagonisms, and does it truthfully, for the heart- 
burnings they have left to our own day can never be repressed 
or removed by falsification or palliation of wrong on any side, 
let us all now, as practical and thinking men, say of them, 
“ The past is past," nor dream of redeeming its errors by flyin 
into new ones; forif our own profession, which is one wi 
progress itself, or if any art or trade is to root and prosper in 
this land, it can be alone upon the basis of genuine tranquillity, 
and the abandonment by every class of every chimera. 

The social circumstances of Ireland are exceptional, and 
peculiarly unfavourable, in some respects, for the development 
of engineering or industrial works. 

No great staple manufacture has rooted in the soil, with 
the exception of that of linen in the north. With few large 
cities or towns (which have been in the history of all countries 
the centres from which arts and industries have spread) ; almost 
without a middle class, to connect property in land and capital 
with labour; and with & labouring population almost wholly 
agricultural, and perhaps more deplorably ignorant of everythi 
that relates to industrial arts or commerce than any civilize 

ople in Europe—what wonder is it, even apart from the 

ifficulties of polemics and politics, which I do not wish to refer 
to further here, that in money-returning products, Ireland stands 
at the lowest point of the commercial scale; that even the very 
crudest articles of manufacture, if not imported, are produced 
generally of the most wretched quality, so that, for example, 
rom one end of Ireland to the other scarcely a good brick can 
be purchased, and that the strects of tbis city are even paved 
with “ setts ” imported from Wales, while better material, from 
which skilled labour might have fashioned them, exists in 
abundance within forty ailes of Dublin. 

The law of progress in every country is from pasturage to 

riculture, thence to commerce, and ultimately to manufactures. 
Yet here we find & return to pasturage, the one stagc above 
nomadic life, advocated ; and such is the prevalent want of 
knowledge of the conditions of manufacturing success or failure, 
that when a fitful gleam of prosperity induces some little stir, 
projects as chimerical and baseless as a plate glass manufacture, 
a beet-root sugar ora peat paraffin company, find subscribers and 
supporters, whose notions, when by the remorseless logic of 
events confounded, serve long to damp or prevent every well- 
placed and considered enterprise. 

For there are many sorts of manufacture, many industries of 
arts, that may be attempted in Ireland, bearing in view its 
actualities, both natural and social, with rational grounds and 
good hope of suecess. I must not detain you with particulars, 


THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 


Angus: 3, 1908] 


but I may say in illustration that to give the best hope of 
commercial success, industrial enterprise here should seek to 
bring forth the crude riches that nature has placed below the 
surface of Ireland, and subject these to such primary trans- 
formation as may make them in the first place articles of export, 
ultimately perhaps of manufacture ; and that no industry which 
is either wholly exotic and refined in character, or which 
demands a large supply of the higher order of skilled labonr is 
likely to prove permanently successful. 

An improved systematization of the railway traffic of this 
country and reduction of rates, as advocated by so much соп- 
current and independent testimony before the parliamentary 
commission on railway fares of last session, if carried out upon 
comprehensive principles, would not only permit and awaken 
many such enterprises, but it is indispensable preliminary to 
their success. Nothing also could better tend to develope the 
completion of the network of the Irish railway system, necessary 
to bring all parts of the island into contact with the points of 
import and export, which are so much confined to the northern, 
eastern, and part of the southern coasts. In the existing state 
of Ireland and of the railway interests belonging to it, it may be 
said with certainty that the system of county guarantees is 
nugatory as promoting public works in railways. 

[ have, early іп this address, alluded to the bad policy with 
whieh (as it атсам to me) nearly all promotion or even direction 
of public works was about fifteen years since abandoned in this 
country. In one special department this abandonment seemed 
suicidal, and it appears to me that the time has fully come 
when the government in this country might wisely and with 
great advantages retrace its steps. I allude to the stoppage of 
the arterial drainage of Ireland. I shall not go into any of the 
vexed particulars of that time, but these are the main facts :— 
The Acts under which the arterial drainage was affected, 
wisely framed by the legislature, and on the whole not unwisely 
nor incapably administered, though brought face to face with 
the tremendous fiscal and social convulsion of the potato famine, 
were sct aside and their operation suspended in permanence b 
an act of the executive, moved to it iy the clamour of Iri 
landowners, who some of them no doubt found themselves in а 
portion of financial difficulty through the pressure of the times, 

rom which this course presented in so far the readiest but the 
most shortsighted exit. Not only were works in progress 
brought to hasty or abortive conclusions, and mature projects 
abandoned, but no sufficient provision was made for the effective 
future maintenance of those completed. 

Now here is в class of works that по lasesé faire policy, 
even though it were applied to the richest UE in қ 
сап get effected, which even іп England, where self-government 
is purposed to do all things, has stood almost stock still. 
were being carried out іп a country here covered by millions of 
acres still of wet and sterile bog, with a climate exaggeratedly 
declared to be so moist as to be only fit for pasturage, and 
from which the culture of wheat (the very type amongst crops 
of social advancement) is disappearing: and yet these great 
drainages were showing distinct meteorological signs of 
ameliorating this condition of climate at the very time they 
were suddenly abandoned. 

Everything seems to point out that at the present time, after 
due consideration and amendment of the Arterial Drainage 
Act, so as to adapt them to those changes which circumstances 
and the lapse of years have produced, those works might with 
the kresten advantage, public and private, be now resumed. 

I have detained you long in thus looking back u the 
shadowy side of the landscape. We, however, who are familiar 
with the country know that it here and there is not devoid of 
sunshine also. Though there аге few important public or 
private works of спрете recently begun and completed to 
which we can refer, there are yet some which have been growi 
year by year in importance, to which we may advert with 
satisfaction. Among these some of our harbour works stand 
prominent, 

The port of Dublin affords a fine example of the success that 
can attend a single well-devised work in harbour engineering ; 
for although the steam-dredging operations so long carried on 
by the Ballast Corporation have considerably deepened the 
channel of the river Liffey itself, it is chiefly by the direction 

iven to the tidal scour by the Clontarf wall, by 
hapman and carried out by Giles and the eae Halpin, that 
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the increased depth of water upon the bar has been 
The steam dredging operations upon the river have 
ducted with improved appliances by the existing engineer of 
the corporation, our fellow-member, Mr. В. B. Stoney, who Һав 
had constructed iron hopper barges for removing by steam 
tonnage the dredged material to suitable places of deposit of the 
unprecedentedly large size of 1,000 tons burthen. 

fast harbour is another favourable example of harbour 
engineering under circumstances of considerable difficulty and 
complexity, an excellent agccount of which has up toa rather 
late date been given here by my predecessor, Mr. М. 
Mullins, V.P. At the present time vessels drawing 22 feet of 
water can come up to the town at high water of ordinary springs, 
во that the effect of the works executed has been practically to 
more than double the available harbour depth, and to give the 
town a fine chain of docks and basins, with a wharfage of nearly 
8,000 feet, and at a very small outlay under the circumstances. 

I am indebted for an excellent history of the various projects 
and works for the improvement of Belfast harbour to my friend 
Mr. George Smith, C.E., now consulting engineer to the port, 
and who for twenty-seven years held the responsible position, 
of its acting engineer :— 

The harbour of Belfast was originally in the creek or river 
that runs down the centre of High Street, and empties itself 
into the river Lagan. Itis now covered over as a sewer. 

The first mention of Belfast as a place of trade is in the 
charter of James I., where the inhabitants are allowed to 
embody a guild of freemen, and to erect a wharf or quay. An 
impetus was given to the trade in 1637 by the purchase, on the 
P of the Crown, of the exclusive privileges enjoyed by 

arrickfergus to one-third of the duties on goods imported into 
that town, and other monopolies. For a century after the trade 
waa confined to this small river. In 1720 a quay, from the 
mouth of the creek to the Long Bridge (now the Ganera Bridge) 
was built, and now forms part of Donegal Quay, extending from 
the Queen’s Bridge to the foot of High Street. This was the 
commencement of the present harbour. 

As the trade of the port increased, the dues upon shipping 
became of importance to the Government, and they appear to 
have given considerable attention to the subject, and early in 
the present centary they obtained reports from the most emi- 
nent engineers of that day, with the view of procuring greater 
security for the shipping and the revenue of the port. 

But as the Government would only t the merchants 
temporary assistance. by way of loan, they found themselves 
thrown on their own resources; and from the time that Mr. 
Rennie reported to the commencement of the works of improve- 
ment in 1839, the harbour committee had designs for docks 
from the most celebrated engineers of the day, as well as from 
others of lesser note, and some by anonymous authors. 

The engineers that were consulted by the authorities were 
Mr. Killaly, the Messrs. Rennic, Mr. Telford, Mr. Walker, and 
Mr. Cubitt. Mr. Rhodes furnished a report at the request of 
an association of merchants entitling themselves, ‘ the committee 
of the proposed ship canal and floating docks.’ Mr. Woodhouse, 
the resident engineer of the committee, also reported, but it 
was merely in confirmation and a daa in part of Messrs. 
Walker and Burges’ report, «с. e following propositions 
were contained in most of the plans :— 

1. For turning the river aren in front of the town into 
floating docks, and connecting them with the Bay of Belfast by 
a Sul with locks. 

2. For making floating docks on the reclaimed land, or slob, 
near the town, and connecting them with the bay as before, 
leaving the river opposite the town in its natural state. 

8. For making floating docks on the slobs and reclaimed 
land as before, and connecting them with the bay by straighten- 
ing and deepening the neural river, so as not to interfere with 
the ebb and flow of the tidal waters. : 

If the system of lockage which was contained in the two first 

sitions had been adopted, the present tonnage of the port 
А never have been arrived at. 

Independently of the limited nature of the traffic that could 
be passed through a lock in the course of a day, the cost of Mr. 
Rennie’s scheme in 1821, and afterwards in 1826, in which he 
makes the entrance of his сапа! at Whiteabbey, was upwards of 
half a million, while the tonnage of the port was under £1,000. 
It must have been wholly completed before any part of it could 
Бате been used. 
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It was a favourite scheme with the late Marquis of Donegal, 
then Chairman of the Harbour Board, as well as with the 
directors of the Lagan Navigation Company, one of whom was 
also a very active member of the Harbour rd, that the river 
above the Long Bridge, which was nearly empty when the tide 
was out, should always be maintained аб high water level, that 
it might be an ornamental sheet of water to his residence at 
Ormeau with the Marquis, and with the company that it would 
enable barges to navigate the river and enter there at all times. 
The strong influence that could be brought to bear in this 
direction may account for there being so many schemes for 
damming up the river. 

The improvements in Belfast harbour, from their commence- 
ment to the present time, have been carried out under my 
superintendence, in accordance with the designs of Messrs. 

alker and Burges, which were in conformity with the 
principle contained in the statement No. 3. 

The plans of Messrs. Walker and Burges were adopted by 
the Harbour Committee in 1830, and confirmed by Act of 
Parliament in 1831; but in consequence of the difficulty they 
experienced in raising money this Act was allowed to expire, 
but was renewed in 1837. It was under the powers of this Act 
that the improvements have been carried out, although it has 
been superseded by the Act of 1847, which is now the one in 
operation. 

The works were commenced in February, 1839, by Mr. 
Dargan, who undertook the formation of thé Rest section of the 
Victoria Channel; cost, £32,000. The slopes of the cut were 
shown in the drawings to be 24 to 1, but in consequence of the 
very soft nature of the clay, or slitch, they were altered very 
considerably. 

The second section of the channel was commenced. In con- 
sequence of the very soft nature of the soil we had to go through 
(the same as the first section), the slopes were made 6 to 1, the 
depth of cutting being from 13 to 14 feet on the gencral level 
of the slob. The cost of this work, including all expenses, was 
a қ TOP 

t was very gratifying to , after several years’ experience, 
that the пада of the channel were so wall загора to the 
velocity of the water flowing through it that no silting up had 
taken place for several years ; what dredging has taken place in 
it has been caused by adjoining works, principally the enclosure 
of the slob on the county Down side of the river. Before com- 
mencing the channel vessels drawing more than 6 feet water 
could not get up to the town at low water, but on its completion 
there were from 10 to 11 feet, and from the upper end of the 
ehannel downwards towards Garmoyle there is now not less 
than 13 feet at low water, and at high water spring tides 22 feet. 

In looking at the plan of Belfast harbour, it will be seen 
that Garmoyle is a deep pool commencing near the Seal 
Channel, where it begins to deren, and continues to do so as 
far as the buoys of the middle Bank, where there is 19 feet at 
low water ; it then gradually shallows till it reaches the lighthouse, 
where the pool ceases, and the lough becomes of the general 
level. Various reasons for this formation have been given, as very 
little alteration, if any, has taken place in it for many years, the 
most favourite one being that the bottom of it is filled with springs 
from the land. In examining the Seal Channel in opposition to 
some of the railway bills, I found that wherever the Seal Channel 
sent out forks, or minor channels, there it immediately deepened 
the same as Garmoyle, which commences te deepen at the junction 
of the old channel of the Lagan with Joy's Chanel Do not. 
these pools arise from the current of the two streams forming 
eddies at their junction, which the soft slitch of the lough is not 
able to withstand, and gulls itself into a hole or pool? I mention 
this, as there may be some novelty in the idea, but it 18 а very 
feasible one, for the ground is so soft, аз I have previouslv stated: 
that it will not stand at a less slope than 5tol. It is causing 
great annoyance to our present works. 

паласе with the making of the Victoria Channel the 
river opposite the town was very much widened, as well as 
straightened, from the bridge downward to the upper end of the 
channel. The Queen's Quay was put 250 feet farther into the 
county of Down than the margin of the river; and on the opposite 
side Donegal Quay was removed 50 feet into the river, so as to 
gain width for rey between it and the street. 

am sorry that I cannot give you any information respecting: 
the increase in the velocity of the tide after the making of the 
channel. I did not take any observations till after it was opened 
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when at half ebb it ran from 2 to 1 mile per hour during neaps, 
and in freshes 14 to 1 miles per hour. I do not think the 
alteration made much difference, as the tide had free scope up 
to the town when I took my observations; but as the banks of 
the river are being gradually closed in by our improvements, I 
expect a change is taking place. 

ince the formation of ths Victoria Channel upwards of 7800 
feet of quays have been made or rencwed, and a patent slip 
erected capable of taking up vessels of 1000 tons. We have 
works in progress that will cost £150,000, the principal being а 
graving dock, 450 fect long and 16 feet water on the cill at high 
water neaps; also a floating dock, 1400 feet long and 600 feet 
ma capable of taking in vessels drawing 23 feet at neap 
tides. 
A third harbour to the improvements of which we may point 
with pleasure is that of Londonderry, at present probably the 
most rising town and port in Ireland. 

I have been favoured by my friend Mr. Thos. Stevenson, of 
Edinburgh, one of the engineers engaged in these improvements 
with the following - brief account of the works, to the complete 
success of which T can speak from personal knowledge, having 
been myself intrusted by the port and harbour commissioners 
with the valuations of the whole of the ancient quays, frontages, 
and wharfage property, extending to nearly a mile in length, 
preparatory to their Song swept away, to make room for the 
um quay, alongside which ships drawing more than 20 feet can 

e up:— 

So tecatly as 1854 the quays of Londonderry were owned by 
private individuals, each proprietor gecupying в portion of the 
quay in front of his warehouse, and building his ówn quay in 
any direction and of any material, according to his own fancy. 
Each portion of quay was walled in, and there was no thorough- 
fare along the harbour in front of the warehouses. A more 
inconvenient arrangement could hardly be conceived. In 1854, 
however, an Act of Parliament was obtained incorporating the 
commissioners of the port and harbour of Londonderry, and em- 
powering them to levy dues and borrow money for the purchase 
of the private quays and the construction of works on a large 
scale for the improvement of Ше port. These works were 
designed and carried out by Messrs. David and Thos. Stevenson, 
of аваа The whole of the private quays have been 
purchased and removed; spacious quays affording a roadway of 
60 to 80 feet in width, have been formed along this harbour for 
a distance of 3730 fect, at a cost, including dredging vessels and 
the purhase of property, &c. (which amounted to about £64,000) 
of about £130,000. A new graving dock has also been соп- 
structed. Itis 314 fect in length,and has a depth of 6 feet 9 inches 
at low water of spring tides, or 15 feet 9 inches at high water on 
the cill, and with pumping engine and other necessary appliances 
has cost about 24.000. The works of the quays were chiefly 
contracted for by Mr. M‘Cormick, M.P., and Mr. M. M‘Clelland 
and those for the dock by Mr. Hugh Kinghorn, of Leith. The 
whole was carriéd through by Мг. M'Donald, as resident 
engineer, under Messrs. Stevenson. The only other portion of 
the parliamentary work remaining to be executedis the dredging 
of the “flats” in the lower part of the estuary, which it is 
intended to deepen to the extent of 3 feet for the distance of 
nearly a mile, so as to afford a depth of 22 fect at high water. 
These dredging operations in Lough Foyle have been as yet only 

artially carried out. In addition to these works several light- 
Houses have been either built or remodelled. The Royal Mail 
Montreal Steam Ship Company’s first-class American steamers 
now make Londonderry their port of “сай” and “ departure” 
for landiog and embarking Yol and passengers; and the ancient 
eity of Derry, with its rapidly-increasing trade and its connection 
with the whole northern part of Ireland, bids fair to be soon 
one of the most flourishing ports in that country. 

“Тһе works were commenced in 1865, since which time the 
tonnage of the port has nearly doubled itself, and, as stated by 
the secreta iia letter of 2nd October, 1866, ‘it is the general 
opinion of the commissioners that the same amount of accom- 
modation has nowhere been supplied at a lesser cost, and every 
portion of the works stil maintains as high character for 
stability and effectiveness аз when completed." 

The Vartry waterworks for the supply of this city, though а 
needlessly expensive project, will no doubt when completed 
afford an excellent supply. Of those some account was recently 
given by Mr. Neville to the meeting of the mechanical engineers 
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in this city, which was probably listened to by the majority 
of our own members. 

I will briefly advert to one topic more, though a little out of 
its proper place, inasmuch as it ìs one that presents the fairest 
opportunity of establishing in this country a new branch of 
manufacture and a genuine source of remunerative return, under 
conditions which Ireland presents peculiarly well-developed. 

Henri Sainte Claire Deville, the illustrious French chemist, in 
the course of certain recent researches, has discovered that some 
compounds of hydrate of lime and hydrate of magnesia afford a 
cement of eminently hydraulic properties, and setting rapidly 
under water. He has further found that the natural dolomites, 
which consist of carbonate of lime and carbonate of magnesia, in 
proportions either of one atom of each, or of two or three atoms 
of the lime carbonate to one of magnesia, if calcined at а very 
low red heat and ground to powder, produce without any other 
treatment a fast setting Құбаш cement, which becomes so 
hard that it may be employed also as an artificial stone, which 
for architect: purposes retains the fine warm tint of colour of 
tlie dolomite in its natural state. Now in many parts of Ireland 
dolomite is abundant as a quarry rock. It can be obtained of a 
fine creamy white colour, and very free from iron and manganese, 
which would in the preparation darken its colour as a cement, 

The amount of heat required for its calcination is very slight, 
and may with great advantage and cheapness be communicated 
in furnaces heated by gas evolved by the imperfect combustion 
of peat, employing a modification of Charles Siemens’ regenerative 
furnace. The calcined stone can be ground by water power, and 
the casks for packing the cement may be a subsidiary manu- 
facture, and even made from small native timber, but little skilled 
labour is required. The materials are all at hand; the product 
directly marketable. The process which has been given to the 
wold 4 Deville is hampered with no patent. Here seem to be 
the conditions for at least one new industry in Ireland. Let us 
hope that the hint may not fall wholly unproductive. 

т have extended this address at an unreasonable length, I 
have had a wide scope of subjects to deal with; and while none 
are without points of contact to engineers, on some that have 
been touched upon we must, whether as connected by different 
ties to this country or as British subjects, feel deeply interested 
for they bear upon the welfare of us all. 


----е- 


INCRUSTATION ІМ MARINE BOILERS. 
By P. JENSEN: 
(Concluded from page 200.) 


Tus plan of admitting foreign substances into the boiler to neutralise 
the salts, or some of them, contained in the sea water, has found favour 
with в great many inventors; suffice it to say that nothing hae appeared 
more likely in the eyes of practical and scientific gentlemen than soda. 
Mr. J. В. Napier has gone into an eatimate of the commercial advantage 
of using soda ash for inorustations. He assumes the boiler to work at 
270 deg. per equare iach, and ovaporating at that tomperatars 7] lb. of 
wator from 100 deg. per lb. of coal. The following is his table. — 


Bea water supplied to boiler at 100 deg. 
Water discharged at 270 4еб... .. - 
Water evaporated eA "I 
Total heat evaporating from 100 degrees 


at 270 deg. = 1093 x 81004 Ty 8115-5 deg. 6315-5 deg. 
Heat а a Ta 34) = 1005 ove e а "T 
eat discharged ... see .. T M" 1,275 deg. e 
Fuel consumed in evaporation .. 11Ь. Е 1 ib 
Fuel consumed in preventing crust... а. | 166 Ib. coal beu » S eri 
Total fuel ne 2 are sue 0-2 ss | 1185 1b. ооа | { 0017 0. ttal 


Thus it seems, he says, that it requires only 172 1b. of coal + 85lb. of 
soda ash, containing 60 deg. of to be as efficient in preventing 
orust as 1,650 of coal alone, which evaporates 1415. of water from 
100 deg. at 270 deg. And these methode are equally expensive when 
soda ash is 16:2 times dearer than coal. This ratio varies with the 
efficiency of tbe fuel and the temperature of the evaporation. In this 
instance the loss by blowing off amounts to 14 percent. Now there із 
no doubt that вода is а very good remedy against incrustiiona, and it 
has been repeatedly recommended bv eminent chemists. Unfortunately 
even this remody, so simple and efficacious as it has proved, has its 
drawback, and that of а very serious nature. In а German soisutiüs 
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periodical (Dingler’s Journal, vol. 130, р. 153, д.р. 1853), we find it 
mentioned that Professor R. Fresenius Ка recommended the use of a 
certain quantity of soda as a certain and cheap means for preventing 
inerustations where water is used that contains sulpbate of lime ог 
(plaster of Paris). Не had used it some months and with very good 
results The factory boiler іп question that formerly used to be scaled 
at proportionately short intervals now remained perfectly olean, and even 
patches of old inorustation too hard for removal had disappeared. 

But repeated trials and careful examinations bad shown that а eon- 
tinued use of soda attacked the boiler plates very much. Dr, 
Zimmerman thought that all commercial soda contained more or less 
cyan, and that is tbe reason of the corrosion of the plate; Dr. Rudolph 
Bóttger, who mentions this fact in his ''Polytechnisches Notizblatt,” 
of 1853, No. 20, p that he has made several experiments himself, 
according to which all commercial soda, even from the most respectable 
firms, contains cyannatrium, and in consequence of this discovery he 
warns others against using it in boilers for the purpose of preventing 
incrustations. It is important to bear this fact in mind at а time when 
we find the chief inspector of the Manchester Boiler Association 
recommending the use of soda in steam boilers. Besides it must be 
remembered that such foreign bodies introduced in the boiler produce 
priming with all its evils. 

6. Blowing off. The original practice at sea was, it is believed, to 
blow off from the bottom only, which was not found efficacious. Sub- 
sequently, additional blowing off from the surface was resorted to, and 
this first at stated intervals and subsequently continuously. Thus we 
find Henry Maudslay and Joshua Field, already in 1824, taking out а 

tent (a.D. 1824, No. 5,021) for withdrawing a fixed quantity of brine 

y meters of any kind ; they preferred a pump with a loaded discharge 
valve drawing from the lowest part of the boiler. They also in this 
patent mentiou a tubular regenerator for heating the feed-water by 
means of the heat of the brine drawn off. These brine pumps were at 
one time used to some extent, but have now been superseded by the 
surface blow-off system, because it was found that the pumps and 
the regenerator got choked with salt and thus became inefficient. 
Blowing off from the bottom has now become almost superseded by 
surface blowing off, because the latter plan has been found the more 
efficient of the two. The impurities contained in the sea-water being, 
by the application of the heat of the furnace, brought out from the state 
of chemical solution into that of mechanical mixture in minute.particles, 
floating about in the hot water and steam, is by the circulation of the 
steam and water floated to the surface in or along with the globules of 
steam rising to the surface and there held in suspension in the bath of 
steam and water till acoumulating to such an extent as to subside to the 
bottom ; ог, in their downward course adhering to the surfaces coming 
in their way. It is hence obvious enough why it has been found ad- 
vantageous to catch these impurities and blow them off before they can 
do апу harm. 

Intimately connected with the question of blowing off is that of 
sediment collectore. Various plans have beon proposed for this purpose; 
but itis mot proposed to enter into this subject, for the reason that 
applicable as they might be for many other sorts of boilers, thoy are not 
in the author's opinion as regards marine tubular boilers as now univer- 
sally adopted, except in the shape of one or two common secum pans; 
because any comprehensive system of pipes, pana, and vessels of any 
sort in the water-room above the tubes, would impede the free circula- 
tion of the ascending and descending currents, and thus probably do 
more harm than good. The suthor is, however, open to correction in 
these remarks, by practical men having actually tried such appliances, 
And this leads to the consideration of probably the most important 
element in the prevention of incrustation in marine boilers, viz., the 
influence that the construction ot the boiler itself has upon the 
subjeot. 3 

Tf, as has been shown іп the foregoing remarks, the sulphate of lime 
becomes all but insoluble in sea-water at a pressure of 2015. per square 
inch above the atmosphere, such as is now commouly used in marine 
boilers, and if it is a fact, nevertheless, that incrustation can be рге- 
vented in some boilers by means of proper and assiduous care while no 
amount of care will prevent it in others, then we must arrive at the 
conclusion that the construction of the boiler, next to proper and con- 
venient means of constantly observing the state of the water and careful 
attention to it, forms the most important point in the inquiry. You may 
build marine boilers of very much the same general internal and external 
appearance to a superficial observer, and still one is a good and the other 
is a bad boiler to keep clean and to scale. It is obvious that itis only 
by the rapid and free circulation of the water and steam that we are 
enabled to work with salt water at all. It is further probable that but 
for the ciroumstance that the circulation becomes more rapid as you 
inerease the working pressure, and consequently the temperature, that 
higher pressures than 20lb., going even as high ав 40lb., have been 
found practical in salt water. The chief principle to be aimed at seems 
this, wherever the greatest heat is communicated to the plates there 
also ought to be the greatest facility givon for & rapid circulation, and 
secondly, make the boiler accessible in all its internal parte, and 
especially in those most vital, viz., those in whioh scale when formed is 
most injurious and dangerous, which are those exposed to the greatest 
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heat. The scanty room generally allotted to marine boilers makes it а 
diffloult task for the designer to meet the above requirements without at 
the same time losing sight of other important considerations, such as 
economy and strength. The common multitubular marine boiler may be 
во designed, and this does not happen very often, that it gives little 
trouble to the engineer in charge to keep clean and scale it: the tubes 
must not be too close upon each other, and not too many rows in the 
vertical line, ample room must be left for в man to get in to clean the 
furnace crown, the back tube-plate, and the spaces between the tubes, 
The plan of inclining the back tube-plate somewhat so as to allow the 
steam to escape more freely from the same has found favor with man 
engineers, and has also collateral advantages. Of late years a multi- 
tubular boiler of another description, the vertical water-tube boiler, by 
Mr. Martin, a chief engineer of the United States navy, has become 
extensively adopted in the United States navy, and possesses, no doubt, 
advantages as scaling the tubes, the water being in them, and 
heated products of combustion passing outaide and amongst them; this 
circumstance renders them more easily scaled inside with circular scrapers 
than is practical with the tubes in our common marine boilers that 
want scaling outside and never oan be effectually sealed by mere 
mechanical means. The Field boiler, now well known amongst engineers, 
and because of the very rapid circular in the tubes possessing the 
important advantage of keeping the tubes themselves and also the tube- 
plate in which they are inserted free from scale, ought to do well for 
marine purposes, one should think, although, of course, practice will 
answer that question. In American men-of-war, where they seem to 
be able to afford more boiler space than in the British navy, is often used 
a long circular return-tube boiler, the tubes being of diameter (say 
lft.or more), with very ample water spaces around and between them, 
They are, on account of their shape, capable of working with 80lb. or 
401Ь. per square inch almost without staying, and also to use salt water 
without pressure. Many other boilers proposed or adopted for marine 
purposes might be mentioned, but it would be to travel beyond the 
subject to go into details of this question. To illustrate the importance 
that has at all times attached to this subject, it will be well to enumerate 
the more prominent patents that have been taken out in this country for 
preventing incrustation in boilers. 

Е намы and J. Field, 1824, Мо. 5021. This has been mentioned 

оге. 

У. А. Johnson, 1838, No. 7714. He proposes to put pieces of broken 
glass into the boiler or broken porcelain, pottery, scraps of iron, shot, 
steel, or other hard substances, which he thinks, by the circulation of 
the water, will be scoured against the sides of the boiler, and keep it 
clean! The circulation must be very stong indeed. 

7. Г. Delfossé 1848, No. 11347. Не adds a compound consisting of 
dry tannic or вас extract, hydrate of soda, (soda without earbonio acid) 
muriate of soda, and subearbonate of potash. The proportions vary 
according to analysis. For locomotives and marine engines he adds this 
compound every two days or more. 

J. Г. Beale, 1848, No. 12185. Не adds а compound consisting of 
human urine with a little caustio potass, soda or lime. Two ounces of 
this per cubic foot of water oontained in the boiler. Marine boilers, he 
says, must be hlown off in the usual way. 

J. Horsley, 1849, Мо. 12592. Не proposes to purify the sex water 
before going into the boiler, by treating it with oxalate of potash, 
ammonia, and phosphate of soda, For water such as із in the British 
Channel, he uses two drachms of oxalate potassa, to two ounces of 
ammonia-phoephate of soda for every gallon of water. The precipitate 
forms a splendid manure. But it requires а very nice analysis so as not 
to render the water injurious by an overdose. 

B. Bahington, 1860, No. 13322. Не connects some more ozidisable 
substance than the boiler plates to the same in this way .—He solders to 
the sides of the boilers in the water space sheets of zinc by one edge, 
leaving the other edge free, and the two sides just immerscd. ‘This 
zino corrodes, and by the voltaic action between the iron, the sea water, 
and the zinc, he thinks he prevents the inorustation. 

J. Ashworth, 1851, No. 13647. To thirty-three gallons of coal tar he 
adds twenty-one gallons of linseed water (prepared by boiling in water 
1415. of linseed, and straining seed away), aud 61Ь of plumbago, or 
common black lead pulverised, and 8lb. of Castile soap, Не uses one 
gallon of this per 30-horse power twice a week. Не finds this prevents 
incruetation, so that scale only forms in thin, brittle, and porous 
quantities, easily swept away. 

A. V. Newton, 1852, No. 14062. Не uses a compound called Sidald’s 
metallic compound, composed of tallow, ог suet, 1lb., graphite or black 
lead, 11b.; charcoal, fine dust, jlb. Не first melts the fat and then 
mixes, He then adds a gill of oil or tar. When using, ho warms 
it first, and then paints the whole inside of boiler, which must also be 
slightly warmed. Applied to a foul boiler, the incrustation becomes 
softened and can be sweft off. He says it prevents the formation of new 
scale, and helps even to the evaporating efficiency. It should be applied 
once a fortnight. 

F. Dam, 1852, No. 14262. He proposed to use hydrate of potash, or 
soda, which he dissolves in water, forming a saturated solution. Ho 
introduces it by a pipe having two cocks (like a grease-cock on a 
cylinder), or by means of a pump. Ог he applies it to water before 
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going in to the boiler. To ascertain the proper amount, he takes a 
measured quantity and adds some drops of solution as long as it makes a 
milky cloud. The water is then filtered, and some more solution put in, 
a if no more precipitation takes place the former quantity is the 
right one. 

W. Danber, 1852, No. 589. This inventor passes all feed-water 
through a filter. The latter consists of powdered charcoal between 
surfaces of hair-cloth by preference; first, he precipitates lime by caustic 
baryta, or soluble salts of baryta, including sulphuret of barium, or else 
oxalate of ammonia. The filtering apparatus is an iron tank with 
perforated frames, one inside the other; the spaces are filled with 
powdered charcoal. For marine or condensing engines he connects the 
hot well and the filter by means of a pipe for supply of water, and by a 
small pump he supplies the requisite quantity of solution of baryta to 
the water as it passes from the hot well. The feed-pumps draw the 
filtered water off and pump it into the boiler. То say nothing else 
against this plan, the filter would have to be of enormous dimensions. 

А. V. Newton, 1852, No. 1041. Не patents a self-acting apparatus 
for blowing-off, regulated by the density of the sea water itself. A 
hydrometer floating in the boiler water combined with, and to govern, 
the motions of an independent mechanism, actuated by а motive force to 
operate valve and valves which govern discharge of liquid when its 
density or gravity becomes too great, or vice versd, or the supply of 
fresh liquid, or 9909 eersá. The hydrometer, by а rather complicated 
arrangement, acts as a float, the rise and fall of which regulates the 
opening of the blow-off cock. How this apparatus would fare in а gale 
of wind, with the vessel pitching and rolling, does not seem to have 
entered the inventor’s mind. . 

B. Dangerfield and B. Dangerfield, jun, 1853, Мо. 2596. They 
employ a concave or cup-like vessel in the interior of the boiler at water 
line, вошт collects in this vessel and is taken off by a pipe at the bottom 
of game, and thence blown off. This is a very old and well-known plan. 

В. Hoyle, 1854, No. 2078. He places a perforated vessel containin| 

y filled with water, an 
е solution of bark or other 


bark, or other suitable matter in a cistern 
heated by the waste steam or otherwise. 
matter thus formed is forced into the boiler. 

G. J. Bousfield, 1854, No. 2442. The water before entering boiler 
is subjected to heat by waste steam in a long vessel with mud-boles. 
The water flows out at one end into a perforated cylinder filled with 
sawdust, birch twigs, or thorn of broom mixed with wheat bran. Also 
a lower oylinder of wire cloth or perforated plate containing horse dung. 
These cylinders or sieves are within a jacket, into which the steam 
flows and from thence into atmosphere. The water thus heated and 
filtered flows into a supply vessel with a float to cut off supply of feed- 
water to the apparatus, and with cocks and valves in such а manner 
that when the further incoming of the water is stopped in respect to 
supply vessel, and steam admitted from boiler into supply vessel to 
equalise the pressure, the water will flow into the boiler. 

J. Н. Johnson, 1854, Ко. 2466. Introduction of raw or tanned 
scrape of hide iuto the steam generator. For convenience sake a lot is 
boiled together into a soft mass, and Tue into the boiler in the ahape оба 
ball, or else scraps of leather enclosed in a bag. It is preferred to use it 
ва а powder. : 

J. А. Manning, 1855, Мо. 882. Introduces air pipes to produce 
currents, and thus prevents incrustation. 

Е. Topham, 1865, No. 1880, Applies inside near the bottom apparatus 
for agitating and drawing-off oocasioually, a shallow scraper with one 
or more rods attached for working from outside. At back of boiler at 
bottom is an opening with along blow-off pipe perforated at bottom; 
by moving the scraper to and fro the sediment is loosened and blown 
out. The holes in pipe collectively must be less than the area through 
cock; this is mainly important. For sediment too light to be pre- 


cipitated he has fans that throw tho scum into gutters near surface and 


alongside of boiler, in which lios the perforated pipe. 

C. Walker, 1856, No. 340. Uses a scum-collector; a pipe with slots 
or holes on each side above oeutre line is supported at each end with its 
axis at the water level. It hasa lever with a float at the end, so that 
as ebullition goes on the collector oscillates and thus exposes а number 
of holes for blow-off. Tho bottom of the tube has no holes, and from 
that scum is taken off by а pipo dipping into it. 

R. B. Lindsay, 1856, No. 879. Applies highly heated steam or air 
to cause tho inorustation to crack, the boiler being cold at the com- 
mencement of tho process. This method has been tried with great 
success in the royal navy, and seoms to offer great advantages wherever 
it can be applied. . 

A.C., L. С. and J. L. Casartelli, 1856, No. 2623. А salinometer 
consisting of two tubes, the ends of which are supported in two соскв; 
one cock is marked blow, and tho opposite one limit; each tube contains 
a bead or float adjusted to certain gravities, that in tube “blow” being 
lightest. When density of water reaches gravity of float in tube blow, 
the same will rise in tubo and indicate that more feed should be admitted, 
but tbe float in tube and “limit” will not rise till density exceed that of 
the other to a certain extent. When float in tube limit rises, water 
should be fed in to prevent too great density. This instrument may 
also be used as a water gauge. The above plan is not unlike Seaward’s 
salinometer, patented many yoars ago. 
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Н. Hobbs and В. Easton, 1857, No. 1316. Solution, or paste, com- 
posed of arsenic and кода, or other alkali, when as а liquid it isto be 
pumped in, and when as a paste laid on with a brush. 

Paul Ingiversen, 1857, No. 1415. Burgundy pitch, alone, or mixed, 
with one-third charcoal or pure soot, to be applied in boiler while heated. 

W. E. Newton, 1857, No. 1949. Тһе black gum catechu is employed. 
To 100-horse power boiler add about }1Ъ., and allow to remain till 
water becomes of the colour of pale brandy; small pieces are added 
daily to keep it at that colour. No incrustation will then ensue, This, 
he says, does not choke up. 


M. Guillaume Défis, 1857, No. 1976. For а boiler of 200-horse, 
suitable for a month. 
lb. Ib 
ised salt of aoda 60 Soot 5% те 10 
арести .. .. 40 Linseed cakes .. .. 20 
Plum ВА .. .. 20 Tanning .. КА 60 
Ashes of vine branches .. 60 Tallow .. 4% .. 20 
» pine wood .. 20 | Flour of sulphur.. .. % 
it walnut wood .. 60 


In addition to these, volatile ammonia may be added to remove in- 
crustations. The above are mixed with the sea water in в paste. 

J. Hall,1857, No. 2015. Sediment collector. A series of plates one 
inside the other, іп which are formed apertures or spaces for the passage 
of the water and sediment into interior of vessel, the apertures are во аг- 
ranged that the aperture of one plate may alternate with an obstructing 
piece of metal in the next pre; and thus overcome the agitation of water 
passing from the boiler before it reaches the interior of the vessel. 

J. Sheddon and J. Marsland, 1857, No. 2386. Washing rock вода, or 
carbonate of soda, or soda ash, or bicarbonate of soda, or compositions of 
any or either of them, either as a powder or liquid. 

А. and J. Martin, 1857, No. 2945. Crystailised carbonate of soda, 
wood ashes, aud plumbago mixed and placed in a separato vessel in oon- 
nection with the boiler. For a boiler already incrustated they propose 
to add besides hydrochlorate of ammonia. 

Е. Coulon, 1858, No. 607. Plumbate and plumbites of potash and soda, 
and the insoluble salts of lead and chloride of zinc, added to a feed tank 
or to the boiler itself. He prefers to add a quantity of sand, clay, red 
ochre, and muriatio acid. 

Н. А. de Saegher, 1858, No. 888. Dried pitch melted with stearine, 
or common grease by application of heat; then add wood ashes and ground 
charcoal, and mix them well by stirring; then 000] it and make it up 
into balls ready for use. 

J. Braidwood, 1858, No. 915. А vessel connected near the water level 
and the bottom of the boiler, the bottom of the vessel being lower than the 
bottom of the boiler. A currentis produced and the water absorbs matter 
in vessel and precipitates, and is drawn off by а cock from the very bot- 
tom of the vessel. 

T. Holt and J. Brown, 1859, No. 1042. This patentce uses a feed 
water heater, which he also uses as a receptacle of mixture for purifying 
the water; he uses spent tanners’ bark, bark knots, &o. 

С. F. Vasserot. tract of chesnut, or any other substance containing 
gallico and tannic acids. 

Brooman, 1859, No. 1824. Leather or waste leather. 

J. and В. Blinkhorn, 1859, No. 1833. Animal fat or fullers, 
earth, soda mixed with neatsfoot ог colza oil, night soil, and Nixey's 
washing powder; llb. per twelve hours for an 8-horse power boiler. 

М. L. Lorbas,1859, No. 2884, Amytannate of gelatine, as well as leather. 

L. M. Boulard, 1860, No. 938. A case or bag of perforated sheet 
metal, or wire gauze, or non-metallic gauze, corresponding to the inside 
shape of the boiler in which it is enclosed, forming a lining, kept at a 
slight distance from the side by meane of brackets. The meshes are 
finer at the bottom than at tho top. The lining may be made in sections. 
It has been ascertained that this prevents incrustations, and loosened 
those already formed. 

W. Allen and W, Allen, 1860, No. 1696. Ammoniacal liquid obtained 
from coal or gas tar, For a new boiler he paints it inside with several 
suits of n tar. 

C.J. Dinnery, 1860, No. 2988. Sediment collector, consisting of & 
horizontal tube the length of the boiler, or nearly so, with one end 
communicating with the boiler by а vertical tube entering at or near 
water level, the other end communicating with the bottom of the boiler 
near the fire place, by а horizontal pipe. Precipitation by simple 
gravitation. He says salt does not crystalize till the water is saturated 
with it, while the sulphate of lime crystalizes at 334 deg. Fah. It is 
hence easy to separate sulphate of lime, first by passiug it through a 
worm heated to 150 deg., or you may have an apparatus for separating 
carbonate magnesial salts, a second for sulphate of lime, and “Бе others 
for the vaporization and extraction of the salt. 

R. Armstrong, 1865, No. 1472. His patent consists of a boiler with 
a vertical circular fire-box, with oval cross tubes, whose longest axes 
are horizontal in tbe centre and vertical at the end. He also bas a plan 
for а feed-water heater, consisting of a cast-iron cistern, serving ss 
foundation for boiler, to stand on; and the heat radiating from the 
furnace heats the feed-water. This case is divided into two unequal 
parts by a partition, а cross reaching to within half an inch of the cover 
or lid, which is to have а thick projecting convexity, to dip at least lia, 
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below surface of water when the larger part is fully charged with feed- 
water. The water expanding at the surface gradually passes over to to 

of partition to smaller part; the sediment settles in the larger part. He 
lines or lags inside of shell with wooden staves, to prevent incrustation. 

P. Taylor, 1861, No, 2171. He uses pipes with long slots at tho 
surface of boiler, or at the bottom, or both, extending the whole or 
greater part of the length, communicating with a discharge valve, that 
сап be opened quickly by studs working in a spiral alot, causing a rush, 
which he thinks will prevent sediment. 

Е.Н. Hughes. Twenty-five parts by weigbt of alum, twenty-five 
parts of salts of soda at 32 deg., two parts of red ochre, three-and-a-balf 
parts of sulphuric acid, fifteen parts of brown fecula of potatoes, and 
thirty-five parts of distilled water; these are mixed and boiled ina 
certain way. 

A.V. Newton, 1861, No. 2961. Tobacco, as a decoction, or else in а bag. 

R. Needham, 1861, Хо. 3235. А longitudinal pipe at the bottom of 
boiler connected to a cock or valve outside. The pipe has at the bottom 
an aperture for entrance of mud and sediment, and at top a number of 
vertical pipes, each with ventilator-shaped funnel at top of watér line, 
with mouth turning towards front of boiler, the flow of water being from 
the front to the back. 

Grimaldi, 1861, Хо. 3207. А rotary boiler, which, at one time, 
caused a very great sensation. 

J. Н. Johnson, 1862, No. 196. А fiuid composed of eight parts by 
weight of potash of commerce, or carbonate of potash, and from two to 
eight parts of molasses, added to 100 parts of snails’ or slugs’ liquor. 
Also apparatus for injecting the same. He has the feed distributed, so 
that no very unequal temperature exists anywhere. 

J. Webster, 1862, No. 1903, Depositing earth and saline matter by 
electricity on another surface than the heating surface. He introduces 
a sheet of copper and a sheet of zinc, and insulates them, as far as 
metallic contact goes, from the plates of the boiler. It will then be 
found that all earthy and saline matters will be deposited on the said 
copper plates. In tubular boilers he uses tubes of copper and zino in 
contact, which can be readily removed. 

А. Delme, 1862, No. 2257. А composition made entirely of bark of 
oak and pine, leaves of summacb tree ground, and as a powder, a 
decoction of this condensed in density of about 10 deg., Beaumé, and to 
it added a quantity of cream of tartar and spirit of turpentine. Three 
pints are enough for every 1,000 pints in boiler for about ton days. 

J. Wilson, 1862, No. 2583. Ground malt and woody fibres; a larger 
proportion for marine boilers, 

7. H. Johnson, 1863, Хо. 2808. Snail or slug liquor, 100 parts by 
weight, carbonate of potash eight parts, molasses or treacle two parts, 
leaves of aloe five parts, animal marrow two parts, extract of tar, at 12 
deg. Beaumé, one part; boiled together for two hours, and then thirty 
strained off, when the liquor will be ready. 

G. Spencer, 1863, No. 896, On some convenient part of boiler, in 
connection with the ateam space, a close vessel furnished with a lot of 
diaphrams or dishes placed one over the other: through the centre or 
sides of each vessel he brings the feed-water pipe, so that it discharges 
into the top dish, from which it flows down from one to another through 
holes or spaces, with raised edges, not quite so deep as raised edges 
round edge of dish. The whole interior is in contact with steam from 
boiler. In addition he coats the inside of the vessel aud dishes, and the 
inside of the boiler, with a suitable enbstance, such as Green's oxide 


paint, to prevent adhesion of deposited salts to the metal. 
. L. Winans and J, Winans, 1863, No. 1582. Іп vertical tubular 
boilers ofa peculiar construction is left а space in the midst of the tubes 


large enough for a man to go down and clean the tubes and the tube- 
plates. Ву having a solid body of water in this place they also think 
the tubes will keep clean. 

J. Burrell, 1864 No. 698, А salinometer, consisting of a covered tank 
divided into two unequal compartments, both connected to water in the 
boiler. The small one contains distilled water, and the large one brine, 
continually supplied from boiler by constant circulation. In each isa float, 
and each float connected to one end of a double-armed lever. Тһе floata 
are weighted, so that the float in the distilled water rises, if water gets too 
dense, fand vice verad. The rocking weight shaft of lever has another 
lever, which actuates the scum blow-off cock; when the float in the 

istilled water rises the cock opens. There is also another float which 
sctuates the feed-cocks. If a column of sea water and a column of 
distilled water are placed side by side the distilled water will rise one- 
fourth higher than the level of the brine. When the density of the brine 
increases the float will rise in distilled water and open the soum-cock, 
There is а plate of glass in front of each to observe the state of the water. 

А. V. Newton, communication from G. T. Parry, Philadelphia, То 
destroy or prevent incrustation he uses an electrical arrangemeut tendin 
to neutralise the action which induces this deposit, it having been foun 
by experiment that positive electricity expels or throws off, while 
negative collecta amall particles; hence, when, by ebullition or otherwise, 

itive electricity is liberated or collects in boiler, its action is to throw 
own particles in the form of crystals or scales. Не says he has tried it 
often, and has found it to answer. 

After this brief notice of the more prominent patents it is intended, in 
conclusion, to mention some of the well-known construction of sali- 
nometers; for if it be true, as it seems to be, the prevailing opinion 
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among marine engineers, and as it has been shown in the foregoing that, 
after all, we must depend more upon blowingsoff than anything else to 
prevent incrustation in marine boilers, then the salinometer deserves 
more than passing notice. One of the first, in order of time, is that 
invented twenty-six years ago by the late eminent engineer, Mr. В. 
Senward. The instrument consisted of a strong glass tube, about žin, 
bore and 14in. long, fixed at ench end in a brass frame, to which aro 
attached four cocks, one at each end and two at the side; by the two 
latter cocks the instrument is attached to the front of the boiler at euch 
a height that the water in the boiler may fill the glass tube. On 
opening the two cocks attached to the boiler the water will rise from the 
bottom of the same by a pipe from the lower cock and fill the glaas; on 
closing these cocks and opening the upper one two balls are dropped into 
the tube, the first ball being adjusted to one degree heavier than the water, 
is intended to be maintained at in the boiler, the second ball one degree 
lighter; then olose the upper cock, leaving the communication with the 
boiler open. Now ifthe ou of the water should increase beyond the 
standard adopted the lower ball would rise, and if it should decrease the 
upper ball would sink. This is a very ingenious but rather delicate instru- 
ment, the use of which has now for many years been superseded b 
other contrivances. The simplest, though crudest, is one, it is believed, 
still extensively used in many places, and consists simply іп а can or 
measure, sometimes detached from and sometimes attached to the boiler, 
This vessel is filled with water from the boiler at certain intervala for 
ascertaining the density; the water is allowed to cool dewn until a 
certain temperature is obtained and found by dipping a thermometer 
into it, and then the hydrometer graduated to that temperature is dipped 
in, which, by the degree of its immersion, indicates the speciflo gravity 
or density of the water. Such an instrument will, of course, fulfil the 
object of showing the density any time it may be required; but the 
operation is tedious and requires care, and handling such delicate glass 
instruments is not exaotly the thing in rough weather, when the 
engineers have many parts of the machinery requiring their constant 
attention. The next step was the introduction of more practical and 
complete apparatus, the most commonly known of which is that called 
How's salinometer. His salinometer case contains a separate com- 
partment for the hydrometer and thermometer, and it is easy enough at 
any time to let in the water from the boiler so as to бр the саво, 
shutting off the communication with tho boiler and blowing-off the 
surplus water, if any; the density of the water when the ebullition has 
ceased can be read off. But this ebullition, resulting from the reduced 
pressure of the atmosphere to which the water in the salinometer case 
now becomes subjected, causes a quantity of hot water to be thrown 
out of the case, thus causing the engineer to be scalded; the sudden 
rush of water from the boiler, ifnot properly eheoked by opening the 
cock very carefully, tends also to throw the hydrometer with great foroa 
against the cover, causing the danger of breaking it; neverthelees, this 
instrument has been and is still extensively used. 

A more complete salinometer tban the preceding one is the invention 
of Mr. Long, a chief engineer of the United States navy. The objeo- 
tions to How's salinometer are obviated in this instrument by the 
addition of another separate tube. This latter containsa smaller internal 
tube, by means of a cock communicating at the bottom with the water in 
the boiler, while the top is closed; but having small openings near the 
upper extremity, through which tbe water can escape in the outer com- 
partment of the long tube or vessel, the steam at the same time па 
disengaging itself. The long casing communicates at the bottom wi 
the salinometer casing, which is fitted with a thermometer and а 
hydrometer. By this arrangement the rush of the water and the violent 
ebullitions is ohecked, and tbus the density of the water can be observed 
witbout danger and inconvenience. But a more convenient and less 
cumbersome apparatus has been invented by Mr. Gamble, chief engineer 
of the steamer bity of Norwich, has all the advantages of Long’s, while 
the whole apparatus is contained in one piece, thus offering less ob- 
struction, being more sightly, and taking up less space in the engine- 
room. This sslinometer is now coming extensively into use, being manu- 
factured by Messrs. Hayward, Tyler, and Co., of Whitecross-street. 
Closing the jam valve occasionally, and then blowing through from the 
boiler, enables the engineer to clear the supply pipe from any sediment; 
and tbis is an important point. The next operation on starting the 
salinometer afresh is to blow it through, which can be easily done by 
opening tho jam valve and setting the handle of the four-way cock во 
that a line on the dial plate points straight through from the salinometer 
to the waste pipe; this helps the salinometer, and allows the water in the 
supply pipe time to cool down before entering the salinometer. 200 
deg. Fah. is the temperature the hydrometer is gauged to. By the 
regulating screw of the jam valve this can be easily and conveniently 
obtained, as well as retained. Another great advantage in this practical 
little instrument, though it may not at first sight appear to amount to 
much, is the arrangement of the scales. The indications are given outside 
the brass face of the instrument, where they can be read off instantly. In 
conclusion, there is no doubt that after all blowing-off in the proper 
manner is the best means of preserving the boiler, that there cannot be 
given the engineer facility enough to do so, and that a ealinometer pos- 
sessing the advantages just described, which are fully borne out in 
pes forms the best safeguard against the inorustation of marine 
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THE DEMOLITIONS AND EMBELLISHMENTS 
OF PARIS. 


ANTIQUARIANS who desire to have а look at the last remnants 
of some of the most celebrated and least savory quarters of 
Paria must pay an early visit. The clearances for the new 
hospital of the Trot Dieu are sweeping away the rues d'Arcole, 
Constantine, de la Cité, the quai Napoleon, and the celebrated 
but wretched street the Rue des алое Тһе pick-axe 
has already made its way through the rues Boucher, Etienne, 
Saint Germain l'Auxerrois, апа a number of wretched alleys, 
for the course of the new street which is to lead direct from the 
Pont Neuf to the great central market. A great portion of 
the streets bordering on the Halles, with the heavy pillars of 
the old colonnade, the sites of the birthplace of Moliére and of 
the murder of Henry IV., the remnants of the old monastery 
and cemetery of the Innocents, are giving place to the new 
buildings which will complete the great market and connect 
it EE the great circular building in which the corn market 
is held. 

The repairs of the church of Notre Dame are nearly com- 
pleted. АП the side chapels are decorated and furnished with 
stone altars and statues of the saints to whom they are dedicated. 
In each are placed a crucifix, bronze and gilt candelabra in the 
style of the fourteenth century, and other emblems and 
ornaments. The great doors of the northern porch are just 
completed. In the centre of the parvis, or place in front of the 
church, is to be erected an ornamental column to replace that 
which formerly stood there, and from which the distances 
on the whole of the great roads through the country are 
measured. 

On the south side of the river another great street to be 
called the Rue de Solférino, is about to be pierced, and the new 
Bonlevard Saint Germain ia to be continued to the Palais 
Bourbon, in which is the Chamber of the Corps Legislatif. 
These alterations will destroy a large number of celebrated 
mansions—the hôtel of the family of de Noailles, a fine old 
house with a noble terrace looking towards the Seine and 
facing Ње Louvro; a part of the hôtel of the Duc de Broglie, іп 
the Rue de l'Université; and also that occupied at present by. 
the Popes Nuncio, as well as the whole or a portion of the 
residences of the families of La Ferté, de Forbin, and de 
Luynes ; the proprietor of the last named, the Duc de Luynes, 
having had his garden taken for the streets in question, has put 
up his hotel for sale. On the site of the building now occupied by 
the Chancellor of the Legion of Honour, it is proposed to erect 
a palace for the President of the Conseil d'Etat, which will 
occupy the angle formed by the new Rue de Solférino with the 

uay. 

The London system of erecting places of refuge for pedestrians 
at the intersections of wide roads and streets is being carried 
out in various parts of Paris, where such means of safety had 
become absolutely necessary from the width of the places and 
the growing increase in the traffic. Many of these refuges are 
already completed ; they consist uniformly of a piece of circular 
pavement, having iu the centre an elegant candelabrum of large 
size, consisting of a beautiful casting in Florentine bronze, the 
stem being decorated with ornaments in bas-relief, and sup- 
porting five gas lights in elegant oval semi-opaque lanterus, 
four in a circle and one above; the candelabra stand on circular 
раш of the stone of the Jura, between four and five feet in 

eight, ornamented by machinery with bold mouldings and 
pehea: In one place, where occurs the junction of the 

ulevards Malesherbes and Haussmann with three streets, 
there are three of these useful refuges with their beautiful 
candelabra. 

In connection with this subject may be mentioned an under- 
taking of the Prefect of the Seine, commenced some years since, 
namely, а collection of all the documents connccted with the 
administration and public works of the city. One of the chief 
objects of this bureau historique is the compilation of a work to 
be entitled the ** Government of Paris and the History of the 
Prévóté des Marchand," or trade eorporation. An introductory 
volume has been printed, if not published, containing the plans 
of the work, by Baron Haussmann, aud a note from the 
Emperor felicitating the prefect on his project of producing а 
general history of Paris. 
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PARIS UNIVERSAL EXHIBITION OF 1867. 


WziGHTS MEASURES, AND Corns. 


Ox the suggestion of the Metric Committee of the British 
Association for the Advancement of Science, and of the Council 
of the International Decimal Association, the Imperial Com- 
mission for the Paris Universal Exhibition have resolved to 
have a special exhibition of the measures, weights, and coins of 
all countries, and to hold conferences at the same time, with a 
view to the establishment of one common system throughout 
the world. The two scientific bodies deputed Prof. Leone Levy 
to proceed to Paris, to meet M. Le Play, the Commissaire- 
General and after a conference with the commissioners of 
different countries, called for the purpose, the Minister of State 
issued the following ordinance on the subject :— 

Tha Imperial Commission, taking into consideration the 
ordinance of 20th September, 1865, which establishes a Scientific 
Commission, states :— 

The Scientific Commission has for its object to concur in 
extending the use of useful discoveries, and promote reforms of 
international importance, such as the adoption of the same 
weights and measures, common scientifio units, &c. Taking into 
consideration also the propositions of two scientific societiea in 
England, propositions which include, first, the project of ап 
international exhibition of measures. weights and coins ; secondly 
the project of a conference, to take place in 1867, for the adoption 
and extension of a uniform system of measures ; and considerin 
the adhesion given to the above proposition by a conference held 
on the 2nd and 14th May, 1866, to consult as to the means for 
resuming the labours of the special commission formed at the 
Universal Exhibition of 1855, has decreed as follows :— 

Art. 1.—4A special place is appropriated in the vestibule of 
the Palace of the Champ de Mars, to an international exhibition 
of measures, weights and coins of all countries. 

Art. 2.--А special committee on measures, weights, and coins 
is established in the Scientific Commission to preside over the 
formation of this exhibition. 

Art. 3.—The committee is besides called upon to use the most 
efficient means for taking advantage of the universal gathering 
of 1857, for the adoption and extension of a uniform system of 
measures, weights, aud coins. 

Art. 4.— To attain this object, the committee will place them- 
selves in correspondence with the persons who have already 
tuken part in the conferences of 1855 and 1566, and the principal 
persons of all countries whose assistance may be desirable. 

The following are nominated members of this committee :— 
MM, Baudrillard, Member of the Institute, Professor at the 
Conservatoire des Arts et Métiers; Leone Levi, Professor of 
Commercial Law at King's College, London, Doctor of Political 
Economy, and delegate to the two above-mentioned scientific 
societies ; Mathieu, Member of the Justitute and of the Bureau 
des Longitudes; Peligot, Member of the Institute, Professor at 
the Imperial Conservatoire des Artes et Métiers, and Verifier 
of the Assays at the Mint. 

Art. 5.—Other members of the same Committee will 
afterwards be nominated—persons designated by the foreign 
commissioners of the states which will contribute to the special 
exhibition of measures, weights and coins. 

Art. 6.— The Conseiller d'Etat Commissiare-G énéral is charged 
with the execution of the present ordinance. 


------%---- 


Architectural  Competition.—The Architectural Soci of 
Lyons announces a public competition, open to all nations, for a 
medical college to be erected on the Quay du Prince Impérial in 
that city. The ground to be occupied does not exceed 6,000 
square métres; the plans are to consist of one of the ground floor, 
one of the upper story, to a scale of five in a thousand, and of an 
elevation to a scale-of one in a hundred. The conditions are to 
be had on application to the Secretary of the Society, at the 
Palais des Beaux Arts, Lyons. 


* Metric Committee of the British Association for the Advancement of Science ; 
International Association for obtaining one uniform Decimal System of Measures, 
Weights, and Coins. 
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THE HYDRAULIC LIFT GRAVING DOCK. 
By Epwix Carr, M. Inst. С.Е. 


Тнв advantages possessed by this system of docking vessels 
having now been practically demonstrated by long experience at 
the Works of the Thames Graving Dock Company, in the 
Victoria Docks, and as other docks on this system are in course 
of preparation, the Author has thought that a detailed description 
would form & useful record. The history of the invention 
dates as far back as the year 1857. At that time, the Victoria 
Docks were just completed, and it was part of the Engineer's 
original plan to construct а graving dock as ап adjunct to that 
establishment. Plans were accordingly ре for an ordinary 
dock, to be lined with brick, and to be emptied in the usual 
manner by tidal action and pumping. The estimated cost of the 
dock was £60,000. The Engineer—Mr. G. P. Bidder—who, in 

igning these works, had already introduced many important. 
modifications with a view to economy, was anxious to adopt 
some cheaper system for docking vessels, of that large class for 
which these docks were laid out. Among other projects, the 
feasibility of lining a dock with concrete, timber, or with cast ог 
wrought iron plates, was discussed. Mr. Stephenson suggested 
а closed pontoon dock, in which the horizontal position and tho 
нац of the pontoon were to be maintained by an arrange- 
ment of struts and braces attached to the ground, and forming 
a parallel motion. The necessary dimensions of these struts, 
roved, however, to be so great, on account of their excessive 
ength, and the great strain to which, in certain positions, they 
would be subject, that this arrangement, as well as other 
mechanical contrivances for securing atability with a submerged 
pontoon, was abandoned. A similar plan has since been carried 
out in the London Docks, where a dock on this principle was 
erected about two years ago. On the first attempt, however, 
to exhibit its action, fortunately without any vessel upon it, the 
pontoon filled and sank in about 22 feet of water. Some of the 
rods of the parallel gearing beneath having given way, and 
pierced through the boram of the pontoon, it was found im- 
possible to raise it арып by pumping out the water; and it 
remains to this day, at the bottom of the London Docks. 

Mr. Bidder, finding that no economy could be effected by any 
modifications of the ordinary dock, turned his attention to a 
floating dock ; and with a view to preparing the necessary plans, 

uested the Author to visit the principal dockyards in England, 
and on the Continent, and to make himself generally acquainted 
with the various systems then in use. 

The Author accordingly gave considerable attention to the 
subject, and, in conjunction with Mr. Stephenson and Mr. 
Bidder, various schemes for floating docks were discussed. All 
were found to be more or less objectionable; partly, from the 
difficulty of designing such large floating structures with 
sufficient rigidity to preserve their form under very variable 
strains, and to ensure that stability of flotation which was 
wanting in all floating docks then in use; and partiy, from their 
enormous cost. At this juncture, it occurred to the Author, 
who, under the direction of Mr. Robert Stephenson, had lately 
designed the machinery, and superintended the raising of the 
tubes of the Britannia and Conway tubular bridges, that a similar 
process might, with advantage, be applied to the docking of a 
vessel. e problem was simply to raise а given weight to a 
moderate height, in the most rapid and economical manner, and 
there appeared no reason why a vessel should not be dealt with 
in the same manner as any other load. The weight actually 
lifted at the Britannia Bridge, with only three presses, was 
equal to that of a vessel of 1,800 tons. 

The steady action of the hydraulic press, its extreme sim- 
plicity, its small amount of friction, as wellas its great durability 
and economy, render it pre-eminently the best available power 
for raising heavy weights with low velocity. It is, indeed, more 
than probable; that had the problem of ainne a vessel presented 
itself originally in all its present magnitude, no other power 
would have suggested itself; but the progress of dock improve- 
ment, like all mechanical progress, naturally kept pace with the 

uirements of the day, and as ships became larger a simple 
сша of the original rude method was the natural result. 

The earliest kind of graving docks is illustrated by the 
practice of the Greeks, who ran their triremes aground on the 
sandy beach of their tideless sea, and then, ging them 
bodily out of reach of the water, surrounded them with earth- 
works for their protection; an “arsenal” was thus improvised 
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wherever required. A natural improvement, where the а 
was suitable, was to prepare an inclined plane of timber to 
facilitate the operation. Where the tides were available, the 
vessels were simply beached at high water during spring tides, 
and there left high and dry till the following springs. Тһе 
“Great Eastern " was docked. in this manner in Milford Haven. 
In situations, however, where the formation of the beach allowed 
of it. а convenient bed or “grave” was dug for receiving the 
vessel during high water at springs, such excavation being pro- 
tected from the ingress ofthe water at the following springs, by an 
artificial bank thrown up in the interval. This was the first 
Graving Dock. А similar dock is at the present day in uso at 
Hong Kong, the mud bank being protected by basket fascine 
work. Itis remarkable. that not only do all these expedients 
continue in their original form, but the principles involved have 
in no way been departed from ; and а modern first-class gravin 
dock, even now, differs in nothing, but its dimensions an 
details of construction from these first models. 

The ordinary Dry Dock, at present in use, in tidal rivers, is 
generally a simple excavation, lined with timber, usually with a 
rick, or concrete fioor, and, to exclude the tide is furnished 
with a gate, or floating pontoon—first introduced by General 
Bentham at Portsmouth dockyard. The vessel enters at high 
water ; the entrance is then closed, and as the tide goes down, 
the dock empties itself through a tidal sluice, and the vessel 
settles down on the blocks prepared for it, being at the same 
time shored horizontally, to prevent its heeling over. The 
sluice being closed, the returning tide is excluded by the gate, 
and with a little pumping to keep down the leakage, tho vessel 
is kept enough for access. Jn а tideless sea, a graving dock 
is precisely similar, except that the whole of the water has 
necessarily to be pumped out. Ав vessels increased in dimen- 
sions, these docks became important works. They were lined 
with solid masonry, the sides being constructed with steps, 
technically called altars, for the double purpose of affording 
convenient access and also for the support of the necessary 
struts for shoring. Pumping machinery on а large scale was 
added for rapidly exhausting the water, or for rendering the 
operation independent of tides, and a large amount of engi- 
neering skill of the highest order was displayed in improving 
all the details. 

The following are the dimensions of one of these works, jast 
completed at Portsmouth, sufficiently large for docking the 
“ Minotaur,” a vessel of 6,621 tons. 


Feet. In. 
Length of floor 400 0 
Ditto at coping маи 426 0 
Width at, floor . 35 0 
Ditto at broad altar 3 . 75 9 
Ditto at coping 0. . 5. . 99 0 
Depth from coping to floor . . 33 10 
Depth at H.W. springs at midships. 28 4 


The materials used were— 
Granite to the level of the broad 
altar, 18 feet above the floor 135,000 cubie feet 


Portland stone E 26,760 и 
Bricks . . Я ; ‚ 8,750,000 в 
Concrete . $ 135,000 ҒА 
Timber. 81,000 15 
Excavation . 57,000 cubic yards 


The inclined plane, or slip, has also received its share of im- 


provement. In situations where the foreshore is favourable, it 
18 peculiarly applicable for small vessels, on account of its 
economy. The hydraulic press has been used advantageously 


as a hauling power, and great improvements have been introduced 
in constructing the cradles and other accessories. The difficulty, 
however, of berthing large vessels, and the strains to which 
they must be liable in being dragged up an inclined rigid plane, 
on separate and independent frames, supported on wheels, would 
be a bar to its use for large vessels, if other mechanical difficul- 
ties could be overcome. No slip has hitherto been constructed 
for large ships, and the difficulty experienced in moving the 
* Great Eastern " down an inclined plane, isa fair illustration of 
that which would have to be encountered in dragging it up. 

It wil be seen from what has been stated, that a graving 
dock of large dimensions is, necessarily, a costly work. It must 
be accessible by a deep channel, and must therefore be adjacent 
to deep water. In a gravelly soil, or in rock penetrated by 
fissures, the difficulties sometimes are nearly insurmountable. 

г AT 
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A atone dock in such situations not only requires to be as water- 
tight as a floating dock drawing the same depth, but must be of 
sufficient weight to remain sunk. This involves in its con- 
struction в large amount of material, and the greatest nicety of 
workmanship; while, even in favourable circumstances, the 
entrance, with its deep cill and masonry walls, is always a costl 
work. It was, doubtless, the great cost of such dock „ав we 
as the impracticability of making them at all in some situations, 
which led to the use of floatin docks, 

Floating доска were originally built of timber and of moderate 
size; but the introduction of iron for shipbuilding added not 
only to the increased want of dock accommodation, from tho 
беделі with which iron vessels require painting, but it also 
rendered more practicable the construction of floating docks of 
large dimensions. A dock of the carlier description was in use 
in the harbour of Marseilles, and was visited by the Author. 
It consisted of а timber pontoon with one end moveable; the 
sides being high enough to remain above water when the floor 
was sunk sufficiently deep to allow a vessel to float bodily into 
the interior of the pontoon. In this position, the pontoon was 
EE afloat by the buoyancy of the sides, which consisted of 
hollow boxes caulked water-tight, the vessel being properly 
secured immediately over the blocks prepared for it. Тһе open 
end was closed by a moveable gate, and on pumping out the 
water, the pontoon rose with the vessel within it, which thus 
became accessible for repair. 

Ап arrangement was also in use in which the boxed sides 
were dispensed with, by sinking the pontoon on to a prepared 
platform, the sides being still high enough to reach abore the 
water level. 

The same principles were applied to docks of large dimen- 
sions, constructed of wrought-iron, and furnished with pumping 
machinery of the most elaborate character. 

In America the system attained farther development, there 
being timber docks on this principle at New York, Charleston, 
Savannah, Mobile, New Orleans, Portsmouth, and Pensacola. 
Mr. Stuart, who gives a full description of these works,* states, 
that the American Government attributed great importance to 
pore the means of laying up their vessels of war out of the 
water, and under cover, on account of the rapid decay to which 
the ships were subject when afloat. They were also anxious to 
obviate the danger to which large vessels were exposed of being 
strained in the operation of launching. 

To meet these views the docks at Portsmouth and Pensacola 
are so arranged that, after a vessel is placed on the pontoon, it 
may be hauled ashore on its cradle, on bedways prepared for 
the purpose. To effect this, the pontoon is grounded in a shallow 
basin on a platform constructed for it; the ways on the pontoon 
are thus brought ona level with the ways on shore, and the 
vessel is drawn ashore by a hydraulic press, Several vessels 
may thus be placed on the ways, or be launched with a single 


pontoon. The dimensions of the dock at Pensacola are :— 

Feet. In 
Length . 850 0 
Breadth . 105 4 
Depth . 38 3 

The total cost was— 

Floating dock . . . £111,140 
Basin and subways 70,645 
Floating gate 2,600 

£184,385 


— ———— 


The transverse floor girders are effectively trussed. Water- 
tight bulkheads are introduced, both in the floor and side 
chambers, and the water is pumped out by two 20 H.P. engines 
and eighty wooden pumps, placed on the sides of the dock. It 
was completed in 1851. 

There is yet another formin use at San Francisco and Phila- 
delphia, known as tho floating sectional dock. The pontoon, 
instead of being entire, is constructed in separato and inde- 
pendent transverse sections, called “camels,” any numberof which 
may be used according to the size of the vessel to be docked. 
The camels are rectangular in form, and are completcly sub- 
merged, to allow the vessel to float over the keel-blocks placed 
upon their decks. In order to sccure stability in their 
submerged state, they carry at each end a detached floating 


* Vide ** The Naval Dry Docks of the United States.” 
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chamber, capable of being raised or depressed, by appropriate 
gearing placed in framed timber towers attached to the ends of 
the pontoons. As the whole is timber, the camels remain afloat 
even when filled, and are sunk to the required depth by raising 
the floating chambers, their additional weight being sutticient to 
sink the sections, and to maintain their stability at the same 
time. The water is pumped out of the camels till the vessel 
rests on them. They are then grounded in a basin prepared for 
the purpose, and the vessel hauled ashore as before. 

The Philadelphia Dock has nine sections, each 32 feet wide, 
105 feet long, and drawing 10 feet of water with a large vessel 
upon them. When used together, they form a dock 300 feet 
long, and 106 feet wide. Their total displacement is 5,800 tons, 
and the cost was £170,000. ‘They are emptied by two 20 Н.Р., 
and two 12 H.P. engines, working three pumps at each end of 
each section, with moveable shafting. 

Floating docks are necessarily limited in their use, not only 
by their enormous cost in construction &nd manipulation, but 
ales by their great liability to accident from the slightest mis- 

ement. The raising of a vessel on such a machine as that 
just described is really a difficult engineering operation in itself. 
‘The dock at San Francisco was seriously damaged, and Her 
Majesty's ship “Termagant” nearly capsized, in a recent 
attempt to place it on the camels. 

The loss of the floating dock in the London Docks has been 
described, and a similar action happened to that made for 
Sourabaya, Java. А large dock, erected at Rio Janeiro, was 
found utterly istius le, and was never used at all. The 
fatal disaster which occurred with the dock at Callao will be fresh 
in the minds of members, and indeed the history ofa large number 
of these docks is notoriously a history of failures or disasters. 


Tus Toames Gravine Docks. 


It was with a view of meeting, as far as possible, the objec- 
tions to existing systems, that the Author proposed the Hydraulic 
Lift Graving Dock as the most efficient and economical sub- 
stitute for the requirements of the Victoria Docks. 

It was ultimately constructed by a totally independent 
company under the “The Thames Graving Dock Company.” 
The necessary capital, originally £106,000, was raised in shares 
of £1,000 each, and was privately subscribed, 

The site selected was a plot of 26 acres of level land, lying 
between the Victoria Docks and the Thames, and below the 
level of high water. This site admitted of a direct entrance 
from the Docks, with a permanent water level, without the cost 
and delay of a special entrance from the river. The soil is в 
deep bed of bog and alluvial mud, on a substratam of gravel. 
The only excavation necessary was the lift pit, and its deep 
entrance to the dock, where a cofferdam was т 

The depth of water іп the lift is 27 feet; over the re 
water space it is only 6 feet, which is the maximum draught E 
the pontoons. In this shalow water space there are eight 
pontoon berths, separated by jetties for workshops and access ; 


4... 


. each birth being 60 feet wide, and from 300 feet to 400 feet long 


and surrounded by brick-retaining walls. The bottom was 
covered with a level layer of peat clay, to prevent leakage to the 
gravel beneath. A sluice through the surrounding bank renders 
it easy, at low water, to empty the whole of the space ; but when 
this is done, a dam must necessarily be thrown across the 

end of the Dock, to cut off the access to the Victoria Docks. The 
area of shallow water is 16 acres, affording sufficient space for 
floating fifteen or twenty pontoons, which, it was estimated, was 
about the number that при be kept employed by a single lift. 

The docking of a vessel consist of two distinct operations. 
First, the direct raising of the weight on the lift ; second, the trans- 
portation of the vessel to any convenient position for its repair 
on the pontoon. 

The lift is a direct mechanical appliance for raising the vessel 
by means of hydraulic presses. {t consists of two rows of cast 
iron columns, each 5 feet ш diameter at the base, and 4 feet in 
diameter above the ground-level, and sunk about 12 feet in the 
ground. The clear spaco between the two rows is 60 feet, and 
the columns are 20 feet apart from centre to centre, and are 
placed on each side of the excavated lift pit, in about 27 feet of 
water. There are sixteen columns in each row, giving a length 
of 310 feet to the Dock; but, as vessels may er ng at each 
end, there is a practical working length of 850 feet. Тһе 
columns were sunk in the usual manner, three or four being 
thus fixed per week. When the requisito depth was attained, 
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the base was filled with concrete, and covered with a layer of 2 
inch planks, to act as a cushion for the cast iron seat on which 
the press rests. No great accuracy of position is required, as 
the suspended load tends to bring all the columns verticle, and 
if any column should, during use, be even sensibly thrust deeper 
into the soil, the ram follows its work, meen of the level 
of the press. The columns support no weight ; but act solely as 
guides for the cross heads of the presses, which move in slots 
reaching from the top of the presses (just clear of high water) 
to the top of the columns. The column is covered by а cap. and 
each row is firmly connected together at Ше to by a wrought- 
iron framed platform, running from end to eid: of the Dock on 
each side, This platform forms а convenient permanent scaffold 
for raising the rams. The whole length of a column is 68 feet 6 
inches. A scale is printed on each column to register the motion 
of the cross heads while rising or falling. 

The presses and girders are managed as follows :—Each 
column encloses a hydraulic press of 10 inches diameter, with a 
length of stroke of 26 feet; the top of the press is just clear of 
the highest water, and it is kept in place by a collar or diaphram 
in the column. Тһе rams are solid, and each carries a boiler 
plate cross head 7 feet 6 inches long, thus extending 1 foot 9 
inches beyond the column on each side. From the ends of the 
cross head are suspended, by wrought iron bars, two iron girders 
each 665 feet long, which extend entirely across the Dock to the 
corresponding column and press on the opposite side. There 
are thus sixteen pairs of suspended girders, lying at the bottom 
in 27 feet of water, when the presses are lowered, but rising 
above the surface, when the presses are raised. They form a 
large wrought-iron platform, or gridiron, which can bo raised 
or lowered at pleasure, with a vessel upon it. The detail of the 
machinery is identical with that employed at the Conway 
Tubula а. and those who saw that bridge raised have 
only to imagine thirty-two tubes side by side instead of two, 
aud they wil have а perfect representation of the lift. The 
main girders are 5 feet 9 inches deep, of wrought-iron trussed 
with а cast iron top flange. The sectional area of each ram being 
100 circular inches, a pressure of 2 tons per circular inch gives 
200 tons as the lifting рекет of each press, ог 6,400 tons for the 
whole lift; but to find the available lifting power, there must 
be deducted 620 tons, which is the weight of the rams, cross 
head, chains, and girders, leaving 6,780 tons for the pontoon and 
vessel. The presses were tested at 24 tons per circular inch. 
The girders are designed for carrying the vessel asa load at 
the centre, although the load is distributed by the pontoon, and 
the wide base used for the blocks. The water is forced into the 
presses immediately beneath the collars at the top, this being an 
accessible position. 

The grouping of the presses was an important consideration. 
If each press were worked entirely independent of its neighbours, 
it is evident that precisely the same quantity of water must be 
thrown into each press to avoid unequal strain. Again, if the 
whole number were supplied from a common head, the slightest 
excess of weight at any part of the platform or gridiron would 
lower that part, the water passing back through the pipes to the 

вез where less pressure existed; the same difficulty would be 
experienced with two groups, however arranged. Stability is, 
however, secured by arranging the presses in three groups. One 
half of the whole number, occupying the upper half of the lift 
form one group, consisting of sixteen presses. The remaining 
eight presses on one side form a second group, and the opposite 
eight form the third group. 

She presses in each group are all connected, so that perfect 
uniformity of pressure is secured in each as regards the individual 
presses; while the three groups are so arranged that their 
centres of action form a tripod support, upon which the pontoon 
is seated. As any one point of the tripod шау be raised or 
lowered without regard to the other two, by the most simple 
manipulation, the pontoon can be either maintained perfectly 
level or any inclination can be given to it that may be desired. 

Any pair of presses may be instantly cut off in the valve 
room by means of a plug during the operation of lifting, without 
interrupting the process. One or more of the end pairs is 
almost invariably out of use, except with vessels of the largest 
class. No delay, therefore, arises from the failure of a collar or 
pipe, and even should a press burst—which appears an impossible 
contingency—the water can only escape slowly through the half- 
inch pipe which feeds it ; and by opening the escape valves in the 
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other groups, vessels, partially raised, descend slowly and 
steadily into the water. 

Additional provision against such а contingency has been рго- 
vided, by an arrangement which gives instantaneous means, in 
the valve-house of isolating every press from the rest. For this 
purpose, a special series of valves is provided for each group, 
which can be. closed simultaneously, 5 means of an eccentric 
shaft. This arrangement, which forms so promment an object in 
the valve-house, has been found unnecessary,and will not be agai 
employed. The force-pumps are lj inch in diameter. There 
are twelve pumps, Word y direct action by a 50 H.P. engine; 
six of these pumps are used for the large group, and three 

umps for each of the smaller groups. The power when required 
is increased by cutting off one or more of the pumps. The 
engine-house is, unfortunately, 112 yards from the fn, he water 
having to be driven all this distance through pipes only $ inch 
in diameter. On account of the distance of the engine, a valve- 
house, for the manipulation of the presses, is erected on the 
platform alongside the Dock. Duringan operation the engine 
continues to pump, and the valveman throws the water into 
either group, or to waste, at pleasure. The raising of a vessel 
occupies about twenty-five minutes. The pipes and presses are, 
to a considerable extent, sheltered from frost by their position; 
and during the severest cold, a few ева strokes of the 
engine are found sufficient to keep all in motion, and prevent 
congelation. 

е pontoons are not essential for raising, or docking a single 
vessel, for it is evident that the lift, as described, is al that is 
required for that purpose. The girders might be connected 
together by other longitudinal girders, so as to form a sufficient]: 
rigid рази or the whole might be formed intoa pontoon, whic 
would support a vessel after it was raised. Such an arrange- 
ment would be more economical and convenient than any 
ordinary dock, but it would accommodate only a single vessel ; 
whereas, by the use of a тейді ntoons, an indefinite number 
of vesels may be placed afloat, whilst the most costly part of the 
system remains constantly available. Е 

The following is the arrangement adopted :—An open pontoon, 
теретін to the size of the vessel to be docked, is selected. 

ee]-blocks snd sliding bilge-blocks, adapted to her shape, form 
part of the pontoon, whisk is placed on the girders, and sunk 
with them to the bottom of the dock. The vessel is brought 
between the columns, and moored securely over the centre of the 
pontoon. Ву lifting the girders, the keel-blocks are first brought 
to bear under the keel of the vessel; the side-blocks are then 
hauled in, by chains laid for the purpose on each side the dock, 
and the gridiron and the pontoon, with the vessel upon it, are 
then all raised by the presses clear of the water, The pontoon 
is provided with valves in the bottom, and thus empties itself of 
water. The valves are closed, and the girders again lowered to 
the bottom, but the pontoon, with the vessel upon it, remains 
afloat. Thus, in about thirty minutes, a vessel, drawing 18 feet 
of water, is left afloat оп a shallow pontoon drawing 4 feet or 6 
feet, and may be taken into the shallow dock prepared for its 
reception. These docks are surrounded by workshops and tools, 
with shelter for the men close up to the bulwarks of the ship. 
The vessel is, in fact, brought bodily into the centre of а eonve- 
nient workshop. It is taken to the smiths’, or the carpenters’, 
or the machine shops, according to the nature of the repairs 
required, and is moved easily from one to the other. 

‘he number of vessels that can be thus docked is limited only 
by the number of pontoons, each pontoon constituting a separate 
and independent dock. The pontoons, which are all about 58 
feet wide, vary in length and depth according to the class of 
vessel intended to be docked, and are ae in form, and 
open decked. The sides are vertical, and are strengthened 
longitudinally and transversely by wrought-iron ender running 
from side to side, and from end to end, and thus forming a 
series of rectangular divisions. The pone are divided into 
water-tight compartments, by means of bulkheads formed of the 
girders, each compartment being Ра with a circular valve 
in the bottom, closed by a serew-shaft. The transverse girders 
аге 8 feet apart, and support the bilge-blocks on their upper 
flanges. In the largest pontoons these girders form inclined 
planes, declining in height towards the centre, to facilitate the 
running-in of the block-frames. There is & strong longitudinal 
centre girder, with a broad top flange, for supporting the keel- 
blocks; on each side, the two other longitudinal girders are 
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placed equally distant, and in the line of the side blocks. There 
are seven pontoons at present in use, their dimensions being 
given in the following table:— 


Ko. Length. | Depth. Net Tonnage. Cost. 
Feet. Feet. Feet. Inches. Tons. 
1* 241 e 2 1,750 
2 241 5 6 1,650 
8 201 5 6 1,450 
4 201 5 6 1,450 
5 157 6 0 1,100 
6 134 5 0 930 
7 821 7 0 8,000 

Partly constructed. 

8 281 7 0 2,450 

The cost of the lift and other machinery was :— £. 


The lift complete and fixed, including columns, 
presses, girders, and pipes zv 
50 Н.Р. condensing engine and pumps, 
boilers and connections, including the valve 
arrangement (not a necessary part of the 
apparatus) . . . . . . . . 
The connecting pipes, including all testing, 
fitting, and g, supply of workshop 
tools, experiments, &c. . . . . . 1,028 

It may be remarked that, a high-pressure engine would be 
more convenient, and far more economical. 

There are, doubtless, many details which may be materially 
improved after seven years' experience; but it is a proof of the 
simple character of the machinery, that no modification, or 
renewal, or repair of any kind has been necessary, although, at 
the end of last year 1,055 vessels had been lifted, of an aggregate 
tonnage of 712,380 tons, without a single casualty. 

. No remark is necessary on the calculations employed in so 
simple a machine. The area of each pump being 3j circular 
inches, their aggregate area is 42 circular inches. Similarly, 
the aggregate area of the thirty-two presses is 3,200 circular 
inches. The action, disregarding friction, is therefore identical 
with that of a lever, whose arms are respectively 42 and 3,200. 
The respective velocities and pressures are thus obtained by 
direct proportion, the power being a 50 Н.Р. engine on the long 
end of the lever, and the weight lifted being the vessel on the 
short end; while it may be remarked that, in a stone dock, the 
power employed bears no proportion to the work done, and is 
always immensely greater. 

Ав regards the advantages of this pontoon, it will be seen that 
it differs, in many respects, from an ordinary pontoon. In the 
first place, it is open without a deck; the sides are no higher 
than is required for the load; it is not incumbered with an 

umps, or machinery, or inaccessible chambers; when submerged, 
its stability is ensured by the presses, and, when afloat, its form 
gives it the poe amount of stability possible; while the 
simplicity of its construction renders the cost extremely 
moderate. The durability may be estimated from the fact, that 
the effect of seven Дене wear and tear ін imperceptible, 
although, during all that period, the pontoons have never been 
repainted. 

The pontoon affords special facilities for blocking vessels, and 
for access to them when blocked. This arises from the clear 
space which the open deck of the pontoon affords for blocks and 
scaffolding, and from the fact, that the keel of the vessel is 
everywhere accessible, on account of the deep space beneath it. 
This peculiarity has been found ofgreat value, since the renewal 
of a keel, in an ordinary dock, isa work of great difficulty. 
There is, however, no feature of greater importance than the 
absolute freedom from strain afforded by the partial elasticity of 
the pontoon, and the means of balancing it by admitting water. 
То appreciate this, it must be borne in mind that the object in 
ME а vessel out of water should evidently be to replace, 
ав precisely as possible, the pressure which the water affords, 
when she is afloat. It із in this respect, that а stone dock is so 
deficient, and the effect on large vessel so notorious. An iron- 
clad vessel weighs about 20 tons per foot run; but, if divided 


3,600 


* Мо. 1 pontoon was framed with wood in its outer compartments, and only built 
Б feet high, the waling boing afterwards added. 
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into a series of transverse sections, the support at every section 
will be equivalent to the displacement of that section. At the 
centre of the vessel, where the bulk is large, it will be much 
greater than at the bow and stern; but when supported on the 
rigid floor of а stone dock, the stiffness distributes the weight 
nearly uniformly, over the whole length of the keel. Looking 
at the ship, then, as a girder, and the buoyancy, or the supports, 
as loads laid on, the girder is evidently, in the two cases, sub- 
jected to totally diferent strains. The superior buoyanty of 
the centre of a vessel frequently shows itself by the hog-back 
form it assumes, or by the wrinkling of the copper, and, in an 
ordinary dock, this last appearance, not unfrequently, indicates 
the strain to which vessels are subjected. - 
ain, the bottom of a stone dock is a narrow floor p 

for the keel-blocks, with no means of support under the sides of 
the vessel, where the whole weight is concentrated. As the 
water is lowered, the vessel rests at first solely on the keel, and 
the enormous and injurious strains, thus thrown on the ribs of 
an iron-plated vessel, may be S pi Indeed, no greater 
departure from the support previously afforded by the water can 
be conceived. It is true, that the forest of struts always placed 
between the vessel and the altars on each side, do, to a great 
extent, replace the horizontal pressure of the water, by tending 
to keep the sides together ; d without such support no тевве 
could Ы во docked at all, But the Author need not point out to 
Engineers, that in dealing with a weight of 2) tons per foot run, 
no vertical support of any value can be obtained by struts, which 
must of necessity be nearly horizontal, and which, when slightly 
inclined, have been known to disturb the solid masonry steps of 
the dock itself. Ав soon ав the water is pumped out of the dock, 

roper shores are added under the bilges, but the mischief is then 
дра, and the quantity of timber consumed in these blocks and 
shores is, alone, an item of cost many times greater than the 
whole expense of docking such a vessel on the permanent blocks 
of a pontoon. The whole current cost of the latter operation, 
including preparation of blocks, coals and staff, does not average 
£3 per vessel, in the Thames Graving Docks; and it is performed 
as follows :— 

The permanent keel and bilge blocks are first packed up with 
reference to the form of the vessel, and secured together with 
“dogs.” The bilge blocks move on sliding frames, and as soon аз 
the keel touches the pontoon, the frames are drawn by chains 
down the channels prepared for them, and are thus made to abut 
solidly against the ship in а position nearly vertically beneath 
the sides: a ratchet prevents their return. The vessel is thus 
fully blocked before being lifted, and, when lowered in and 
left afloat, the elasticity of the pontoon secures an equable bear- 
ing on each block, and prevents any block doing more work than 
its neighbours. The vessel is supported at numerous points, by 
pressures analogous to the pressure from the water itself : it 1s 
also resting on а base 30 feet, or 44) feet wide, so that without 
shores its stability is beyond all question. 

Again, the support is rendered proportionate to the displace- 
ment, by admitting water into the compartments, as in the 
American Floating Dock; thus any excess of pressure shown by 
the blocks is immediately remedied. When the pontoon is longer 
than the vessel, the end compartments are invariably left open, 
and only that portion of the buoyancy of the pontoon is retained 
which the circumstances require. 

The stiffness of a pontoon depends on Ив depth. The amount 
of longitudinal stiffness necessary for a pontoon when afloat is 
very small; for, if the balancing by means of the wateris properly 
regulated, no strain is thrown on the vessel from deficient 
rigidity. It is indeed evident, that if a pontoon were preng 
elastic, and became а mere sheet of india-rubber, that the strain 
would be absolutely identical with the strain in the water. Itis 
however advisable that the strength of the pontoon, laterally, 
should be nearly sufficient for supporting a vessel resting entirely 
on the keel-blocks, as the bilge-blocks are necessarily removable. 
It is also necessary to retain a considerable amount of longitudi- 
nal strength, on account of the uniform character of the lifting 
force; this is, however, modified by cutting off one or more pair 
of intermediate presses; and in docks which are now in prepara- 
tion, the presses are not placed at equal distances, but nearer 
together at the centre of the lift than atthe ends. The same ге- 
sult may be obtaincd by slightly increasing the area of the centre 
presses. The whole subject of blocking is full of practical interest, 
und nothing will excite more attention, in a visit to the Docks, 
than the extreme facility with which the operation is performed, 
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and the ease with which в single operator appears to handle 
these, apparently, unwieldy structures. 

It is unnecessary to dwell on the subject of the stability of the 
pontoon itself when afloat: the author would only observe, as the 
result of calculation, that the effect of а gale of 20]bs. pressure 
per square foot on the broadside of a frigate, with every sail set 
perpendicular to the pressure, would be an extra immersion of 
only 5 inches on the lee side of a pontoon. In practice, no gale 
ever produces any appreciable motion whatever. 

‘Although, however, the tilting effect is О yet during 
a gale of wind the navigation of a vessel, on the deck of a pontoon, 
requires proper caution. This was illustrated by a singular acci- 
dent, which occurred during the great gales of 1860. A vessel, 
which had been repaired, was Dang towed by an 8-inch hawser 
across the open dock during the height of the storm; the rope 
gavo way, and the pontoon, with the vessel upon it, drifted, with 
rapidly increasing velocity, entirely across the dock, when it came 
in contact with two empty pontoons, lying alongside the jetty. 
The immediate effect was to stave in one of the compartments, 
which filled, and the pontoon rebounded back some distance into 
the dock; the wind, however, catching it a second time, it again 
struck the pontoons and unfortunately staved in a second com- 
partment, and sank. The vessel, however, remained upright and 
uninjured on the blocks. The operation of floating it again was 
characteristic of some of the advantages of the system. A low 
dam was placed across the upper end of the dock, in the shallow 
water, and a few feet of water were run out of the dock, by means 
of the sluice. This was sufficient to expose the side of the pon- 
toon above the water, the damaged plates were then made tight 
with clay, and on pumping out the remaining water in the pon- 
toon, a was left afloat again, and placed on the lift till it was 
те А 

Dato the practicability of enlarging the system to meet the ге- 
quirements of vessels of any size, it is evident that by simply 
placing ап additional column between every existing column in 
the present lift, the lifting power would be doubled, or made 
6,400 tons, without altering the strain of a single bolt. The 
same result might be obtained by placing two presses in each 
column, and this was the form adopted in the designs prepared, 
by order of the Lords of the ‘Admiralty, for vessels like the 
“Minotaur.” The lifting power may further be indefinitely in- 
creased by enlarging the area of the presses, and no mechanical 
difficulty would be experienced, with even ten times the weight 
alluded to. 

Again, the veghi that could be lifted may be doubled, without 
any alteration of the presses, by using a close-decked pontoon 
instead of an open one. An additional lifting power equal to the 
displacement of the pontoon would be thus obtained by pumping 
out the water: the presses would ensure the necessary stability 
and complete the operation. А dock in this form was also de- 
signed for the Admiralty on their official request; but it is evident, 
no advantage could result from the substitution of the pontoon 
ав а partial lifting power: it is, іп any form, a far more costly 
arrangement, and its combination with the presses removes none of 
its disadvantages. 

Although no doubt can exist as to the capability of the lift to 
deal with any required weight, the Author feels bound to state, 
that some doubts have been expressed as to the expediency of 
docking vessels of the largest class on & pontoon without the 
ordinary horizontal shoring, which forms so prominent a feature 
in an ordinary dock, and which would be naturally abandoned 
with reluctance by an old ship ight, There are, moreover, some 
localities where the docking of the largest class of vessels is so 
rarely required, that the cost of а special pontoon is scarcely war- 
ranted: an arrangement hag accordingly been perfected which 
will fully meet these requirements. Altars or steps might un- 
doubtedly be placed on a pontoon; but to secure an efficient base, 
a considerable increase of width would be necessary, as well on 
the pontoon as in the main girders of the dock. The requisite 
base may, however, be obtained by projecting the lifting girders 
beyond the columns, on each side of the dock. It is further pro- 
posed to combine them by longitudinal girders, and then, by 
close plating the whole externally, to convert the platform or 
gridiron into a water-tight pontoon, with framed altars on each 
side, of sufficient height to remain above water when the pontoon 
is sunk. The presses would then lift an entire floating dock, of 
the ordinary form, which, when raised, would remain afloat, in- 
dependent of the presses, but be capable of being moved from its 
fixed position. 
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Smaller pontoons might be used in the ordinary manner, b 
lifting them on the top of this fixed pontoon. This would affo 
efficient means of shoring in the ordi way, and effect some 
economy as regards the construction of an independent large 
pontoon; inasmuch as the main girders of the dock would take 
the place of the transverse girders that would be required for the 
pontoon. This arrangement is specially applicable to places where 
only a single dock is required. . 

umberless other modifications suggest themselves. The pon- 
toon may be used in any ordinary dock, or ша tide-way where 
the rise and fall is sufficient, without a lift at all. The tide may 
also be made available in diminishing the stroke of the presses to 
the extent of its rise. The lift may be erected in any open 
channel where there is sufficient shelter, and whatever be the 
character of the soil—the only limit to its application is in places 
where the depth is too great for fixed columns; but even for these 
situations a modification has been devised by Mr. W. H. Walker, 
which possesses great merit. This gentleman proposes to float the 
presses themselves, on a series of pontoons, one oying machinery 
very similar, in many respects, to that described. The dock thus 
becomes a moveable floating dock, capable of being moored any- 
where, and of its position being changed when desirable. It is 
also very portable in its parts. 

In conclusion, it must be admitted that however successful this 
system may have proved in a mechanical point of view, its early 
history was characterized by complete want of commercial success. 
The first misfortune, which befel the Company at starting, was 
the irreparable loss of its Chairman, the late Mr. R. Stephenson. 
The Company had commenced with insufficient capital, and before 
completing their works, they found themselves deprived of the 
master mind, on which they were so much accustomed to rely. 
They possessed no large pontoons; and it was originally intended 
to rely solely on the dues from docking as a means of revenue; 
they were surrounded by numerous competitors, on each side the 
Thames ; and to such an extent was competition carried, that the 
docking of vessels was, for a long time, performed in the Port of 
London without any charge whatever being made for dues. As 
the officers of the Company were restrained, by strict instructions 
—issued by the direction of the leading proprietors—from under- | 
taking repairs, or entering into any mercantile arrangement, they 
were helpless. And it was seldom that even half the amount of 
the intended charge for docking a vessel could be obtained, though 
that charge was only 6d. а ton for the lifting, and 24. per ton per 
day for the use of the pontoon. It then became evident that 
the only alternative was for the Company to entirely change their 
system of business; to become themselves ianuis ee: and 
to do allrepairs, &c. The immediate result has been success- 
ful beyond expectation. The Company now possess one of the 
most perfect and extensive ship-repairing yards in the kingdom, 
with spacious workshops, and abundant machinery for every class 
of pr The weekly payments, for labour only, reach £1,000, 
andalthough they now possess seven pontoons, equivalent to seven ' 
distinct graving docks, yet, to meet the increasing requirements of 
their trade, others are fe constructed. The number of vessels 
that resort to the establishment is nerealna, and among them 
are included some of the largest vessels that frequent the Port of 
London. 

The principal features of the system may be conveniently 
summed up, as follows :— 


lst. Its economy, as well in its first construction, as in its sub- 
sequent maintenance. 

2nd. Its adaptability to almost any situstion, especially in har- 
bours or tideless seas. 

8rd. The capability of almost indefinite extension, by the con- 
struction of additional pontoons, or as regards the lift, by 
the addition of extra columns. 

4th. The simple and durable character of all its parts, and their 
perfect accessibility. 

5th. The short time required for its construction and erection. 

6th. The rapidity, of its manipulation, and the small staff 
required. 

7th. The bonventett access afforded to all рагі of the ship, and, 
especially in painting iron ships, their free exposure to 
light and air. 

8th. The freedom from strain with which vessels, even in cargo, 
may be docked. 

9th. The means afforded of rendering any area of shallow water 
available as a dock for the largest vessels. 
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The above characteristics are the result of direct experience; 
but it may be useful to indicate others that may be anticipated. 

In the first place, it is evident, that this system affords ready 
means, by the construction of a shallow canal, of transporting 
the largest vessels in cargo either across an isthmus, or over 
river shallows ; and of removing vessels of war inland, either for 
their protection, or for their employment as a means of internal 
defence. 

The pontoon affords a convenient and economical method of 
avoiding the risk and cost that attends the launching of new 
vessels. It is intended by the Company to build vessels on their 
pontoons, which may be grounded for this purpose on a level bot- 
tom, and an immoveable platform will be thus at once secured. 
The launching will then be reduced to simply lowering on the lift. 
In this manner vessels of any dimensions may be constructed in 
& shallow es я , ' 

Vessels may, when аи be laid up and kept dry 
under shelter, and thus preserved from decay, while the launch- 
of a whole fleet would only be the work of a few hours. 

No naval establishment possesses sufficient dock accommoda- 
tion to provide for the numerous casualties that occur during 
‘war. tt will not be doubted, that a lift, with sufficient pontoons, 
would prove of the utmost value, in affording immediate means, 
after an action, of docking a whole fleet of gun-boats and other 
craft, thus leaving the existing stone docks for routine use. 

Lastly, it is evident, that should this system become as uni- 
versal in its application as the Author confidently believes it 
must eventually do, such a result would inevitably lead to 
important modifications in the general arrangements of all large 
naval establishments. If fleets can thus be lid up, and vessels 
be built and navigated in any shallow-water space, no necessity 
сап exist for that large area of floating dock accommodation 
which is now required ; and a considerable portion of the enor- 
n expenditure which characterizes such works may be econo- 
mised. . 

— 


THE ARCHITECTURAL ASSOCIATION. 


The last meeting of the Session of this Association was held on 29th 
June, Mr. R. W. Edis, the President, occupied the chair. Mr. C. H. 
Hargreave, Mr. Alexander Payne, and Mr. R. Bird, were elected 
members of the Association. 

The President read a letter from Mr. Ashpital, expressing regret 
that the Royal Institute of British Architects had declined to award a 
medal to those who had passed the Voluntary Architectural Examination, 
as suggested by the Committee of Examiners It was ig one d 
however, that other of the proposals which had emanated from the 
Architectural Association had been adopted. 

The following paper was then read:— 


ON ORNAMENTAL IRONWORK. 
By Cunas. Н. Е. Lzwzs. 


Амоно the many arts that flourished in the times of our fore- 
fathers, some of which have been revived in recent times, the art 
of the blacksmith, the ever favourite theme of the painter and 
the poet,is one which has received from us the least amount 
of study and attention. This is denominated an iron age, but it 
is certain. that in the early days ofour country iron was used for 
an infinitely greater varicty of purposes than at present, and that 
in every article, however unimportant may have been its use, 
some traces of a feling for ornamental art were displayed. 

Although the Exhibition of 1851 was regarded by many as 
the harbinger of universal peace and ironwork, neither of these 
predictions has been fulfilled. Much has been done of late to- 
wards improving the character of ornamental ironwork by some 
of our enterprising metal-workers, for which they deserve the 
highest praise,but unfortunately there is such a painfully machine- 
made look about even some of their best hand-made work that I 
think the true revival of working in iron has yet to come. Of 
course I do not refer to such chefx-d’euvre as the Hereford 
screen, and works of a similarly special and costly character, 
but to the ordinary every-day productions for ecclesiastical and 
domestic use. 

Our railway engineers, the iconoclasts of the nineteenth century, 
have much to answer for in their wholesale abuse of this noble 
and national material, and I may safely say that in no other 
country in Europe would such monstrosities have been allowed 
to be perpetrated as are continually being erected in our metro- 
polis—monstrosities not only painfully visible to the educated eye, 
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but condemned by even those who have not the slightest shadow 
of a Peta to art knowledge. There must sonetin 
woefully wrong in the education of our engineers to lead to suc 
increasing depravity of taste and total disregard of appearances 
and public opinion. That a purely scientific piece of construction 
should. necessarily offend our sight by its repulsive ugliness is 
disproved by the works of our early engineers, some of which 
are perfect ди for beauty of proportion and grace of outline; 
and again, if we look to the works of our mechanical engineers, 
we find that, however massive, as a rule, they have a certain 
harmony of parts, the effect of their perfect fitness for the work 
they are intended to perform, and present a strong contrast to 
the clumsy masses of material piled up by our civil engineers. 
This would lead us to infer that the science involved in modern 
engineering works is of a very doubtful character; and this 
conclusion is rather strengthened by the failures constant! 
taking place in such simple matters, for instance, as a row of brick 
arches to a railway viaduct, even before а rail is laid or the para- 
pet is on, which accidents are generally very complacent! 
attributed to an extra shower of rain, or something equally a А 
and never to want of care on the part of the engineer. То ш 
mind there does not appear to be much more science in suspend- 
ing one of those Leviathan iron tanks called railway bridges, be- 
tween two dead walls than in throwing a log across a mountain 
stream. Our engineers may have been spoilt in some measure 
by the twaddle that is occasionally written in our leading journals 
in praise of their large public works; for what can be worse than 
to be told that the hideous iron pipes of the Charing Cross ne 
remind you of the rock-cut temples of Egypt, or that the crude 
works of military engineers are equal, if not superior, to the 
works of Michael Angelo. It is to be regretted that in so few 
words Mr. Fowler, in his opening address before the Institution 
of Civil Engineers, should have dismissed the subject of archi- 
tectural art in engineering works, and had not a word to say in 
condemnation of the abortions in iron designed by some of his 
contemporaries. 

It is scarcely necessary to refer to the necessity of designing 
ironwork with a character peculiarly its own, and not in imita- 
tion of the features of wood or stonework, and that it should be 
in keeping with the architecture of the building of which it is 
an adjunct. Not any one would now be guilty of the anachron- 
isms committed a few years since, or who would perpetrate 
such things as were done by a church architect of some thirty 
years ago, one of whose favourite arrangements was to make his 
ет massive oak doors of a mixture of deal and cast-iron, 
the framing being of deal, and the cusping and mouldings to the 
panels being of cast-iron screwed on, the whole being afterwards 
grained in the most artistic manner to represent oak. One of 
the latest and most important examples of what to avoid in this 
direction (and in which we have to regret that a good opportunity 
was lost for shewing what might be done in the consistent treat- 
ment of ironwork), is afforded by Westminster Bridge, every 
single external detail of which is a cast-iron copy of stonework. 
Whatever difference of opinion may exist аз tothe merita of other 
portions of medisval architecture, there can be no question as to 
the superlative excellence of its metal work, and of the true prin- 
ciples worked out in the best periods of it; it is only in the latest 
specimens that we find imitations of the treatment of other 
materials. 

Tronwork is often made to Appear too heavy in execution, from 
the designer judging of the effect from geometrical elevation 
only, an forgetting e at when seen in perspective, the interstices 
become smaller, and the bars become larger, from seeing two 
faces of them, if square in section, instead of only опе, as іп the 
elevation, and consequently the proportions of the whole thing 
are entirely altered. This mistake is more easily perceptible in 
wrought ironwork where the iron is generally used of an oblong 
section for strength, shewing the narrow edge on (һө face. 
Many cases have come under my notice where designs, i 
good, have been spoilt from this failing, when carried into execu- 
tion. Allowance ought therefore always to be made for this 
peculiarity, and ironwork ought also to be designed with special 
reference to the position it is intended to occupy. For instance, 
when seen against the sky, surface treatment is of course un- 
necessary, and a much lighter and more delicate character 
ought to be adopted for internal рр. 

tis аз well to remember that the heaviest ironwork is not 
always the. strongest, and that the requisite amount of strength 
may be obtained by a proper distribution of the constructional 
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parts of the design. The numerous examples of good ironwork 
to be found in London alone are such as to make our present 
deficiencies in its art treatment still more inexcusable, and we 
have only to cross the Channel to see what a revolution has been 
effected there during the last ten years in metal work generally, 
for one cannot walk a dozen yards in the new quarters of Paris, 
or thelarge towns of France, without meeting with someting 
worthy of notice in the way of ironwork, in the shape of the rail- 
ing to a square enclosure, balconies, baloonets, window grilles, &c., 
for the most part of wrought iron, where the lines of the design 
bear the impress of careful study on the part of the designer, and 
do not look as if they came out of an ironmonger’s pattern book. 
The ultra-refinement and delicacy which characterize the stone 
carving, and details generally of thearchitecture of Napoleon ILI, 
which would in some respects be improved by greater baldness 
of character, are the attributes particularly suitable to good 
ironwork. 

It is curious to see with what pertinacity we adhere to the old 
stereo form of railing for our parks and squares, consisting 
of upright bars, top rail, and the everlasting spike-heads of the 
approved warlike pattern, and the same sort of thing, on 8 
smaller scale, for the areas of our private houses, which makes 
the basements look more like the dens of wild beasts than the 
abodes of human beings. 

Before proceeding further, I will refer to the distinctive 
features of some existing specimens of good ornamental ironwork. 
The elaborate wrought ironwork executed in the reign of 
William and Mary, for Hampton Court Palace, by Huntington 
Shaw, of Nottingham, is, or ought to be, well known to every 
architect. Some of the best portions of it were taken away from 
the railing which separates the river Terrace from the Home 
Park, and deposited in the South Kensington Museum. This 
rronwork is believed by some to have been designed by Sir 
Christopher Wren, but I think there may be doubts upon this 
int, &s the smiths of Nottingham have always been celebrated 
or their work, and the execution of these gates is of such а 
superior character that it is very possible that they were 
designed by the workman himself. The design of these gates is 
noteworthy for the clever way in which heraldry is made to 
play its part in the general effect. In the centre panels of those 
preserved at South Kensington we have the rose of England, 
the thistle of Scotland, the harp of Ireland, and the royal 
monogram arranged in the most charming manner. The bold 
and graceful lines of the scrolls and foliage which make up the 
rest of the design afford good evidence of the perfection which 
the blacksmith’s art attained at that time. It is in the 
wrought ironwork of this period, both in England and on the 
Continent, that we find such elaborate imitations of natural 
flowers and foliage combined most artistically with the con- 
ventional forms. 

The introduction into ironwork of armorial bearings, mono- 

s, and dates of erection, should be encouraged at the 
present day, as it would adda material amount of interest to 
the work. 

The Eliah wrought ironwork of the first half of the last 
century, of which there is a great deal existing in London and 
its suburbs at the present time, deserves our attention for tho 
very simple and honest methods by which a really good effect is 
obtained in most instances. The designs generally consisted of 
very light and elegant scrolls, with foliage of a purely con- 
‘ventional character, introduced in the most sparing manner, so as 
not to interfere with the lines of the scrolls. Our domestic 
buildings of this date had very little architectural art externally, 
except in the shape of ironwork, and what there was of it 
internally, was confined to the wrought iron staircase railings, 
the chimney-pieces, and the ceilings. The fine gates to be found 
in our Inns of Court, and attached to some of our country man- 
sions, belong to this period, but the best example I know of is to 
‘be seen in the Armoury House of the Honourable Artillery 
Company at Finsbury. 

The excellent museum of antiquities at Rouen is particularly 
rich in specimens of good French mediæval ironwork, the most 
perfect of which consists of & pair of gates formerly in the 
cathedral, and is a first-rate piece of workmanship. Although of 
the very lightest character, the diagonal а; ementof the filling- 
in bars, which is seen very often in medieval work, gives a won- 
derful amount of stiffness. These gates belong, I believe, to the 

inning of the fourteenth century. A slight sketch of them 
in the Builder some years ago, but on too small a scale 
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to give any idea of the originals, and in the pa h attached to 
the sketch they were saved to the Вай тіндік ход which І 
think was a mistake, as they bear the character of a much later 
date. Another good example to be seen in the same museum is 
the frame of a doorgrille of the fifteenth century, which came from 
а convent near Rouen, and exhibits a very effective mode of treat- 
ment prevalent at that time, viz :—the piercing of thin plates of 
iron, and placing behind them red leather, or sometimes red cloth. 
This treatment is often seen in the lock-plates of old chests. No 
student who visits Rouen ought to fail to see its museum, as 
nearly everything contained therein will be found to bear some 
relation to architectural study. 

І could have included among my references a few more ex- 
amples of the ironwork of medieval times, but those periods have 
been во well and thoroughly illustrated in the works of Digby 
Wyatt, Waring, Pugin, Parker, King (of Bruges), Raymond 
Bordeaux. and many others, that I cannot do better than refer 
any one wishing to study the subject to thoso books; of course 
personal study of the objects themselves. is better still, but the 
advantage of thei works is that they furnish the key to the mine 
of wealth in artistic wrought ironwork open for our exploration 
in England, France, Italy and Germany. I may, however, refer 
to the beautiful screen of Queen Eleanor’s tomb in Westminster 
Abbey, which will repay any amount of study, bath of its work- 
manship and design, as it belongs to the best period of the art. 
Had it not been happily rescued from oblivion by the hands of 
Mr. Scott, and restored to its original position, it is very probable 
that it would have shared the fate to which numberless other such 
ecclesiastical antiquitics appear to be doomed by the ignorance 
or culpable negligence of their appointed guardians. Aninstance 

only very recently como under my notice of the way in which 
go’ old art relics are destroyed. In Parker's Glossary will be 
ound an illustration of a fine old chest, at Guestling Church, 
Sussex. А friend of mino, in making a tour through the country 
recently, was curious to see this chest, but after a long search, 
the only part he found remaining was one of the panels; all the 
rest has most probably been broken up for firewood. 

With reference to the constructive treatment of wrought 
ironwork, the greatest evil of modern gothic work is the 
alarming extent to which the practice of screwing and rivetting 
together of the parts is carried, instead of adopting, where 
possible the more lasting and workmanlike process of welding. 

crewing is a process which ought never to be adopted, for not 
only does it give а brummagem and toyshop character to the 
work, but offers a great temptation tothe mischievously inclined 
to attempt the dislocation of the parts. Of course there are 
methods Ы which the drawing out of the screws сап be рге- 
vented, but it is a bungling affair after all, and it is lucky for us 
that such a fallacious process was not practised by the old 
smiths, or their works would not have been handed down to us 
in so complete a condition as we now see them. It is this 
screwing on ad infinitum of leaves and rosettes, all having the 
аарсагаше of having been punched out of a thin sheet of metal, 
which gives the machine-made look before referred to. 

Rivetting ought only to be resorted to when welding is not 
possible, but even then, in many cases, bands or collars welded 
round the parts to be attached, as in old work, would be the 
strongest method, and the most preferable with regard to 
appearance. An example of an injudicious arrangement of 
rivets may be зееп in the wrought iron area railing to the houses 
in the Broad Sanctuary, Westminster, where all the small 
scrolls have been twisted out of their places, from being fixed so 
that they could turn upon the rivets. To ensure excellence as 
well as durability in wrought iron work, the hammer ought to be 
the master-tool, and the shears and file used as little as possible. 
As a general rule, old methods of construction are not always 
to be followed as the best, as they often are faulty in many re- 
spects, as may be seen occasionally in the framing of timber or the 
bonding of stonework. Although the indiscriminate use of cast 
iron has been one of the curses of modern architecture, and 
there is more interest attaching to the smallest scrap of wrought 
iron than to tons of the most celebrated cast work, still, there 
are many positions in which it may be used with advantage, but 
above all things, it ought to have a character entirely distinct 
from that of wrought iron, whereas the latter ought to revel in 
waving lines, cast iron ought to be stiff and geometrical in its 
forms, and should either be used in positions where itis not 
likely to meet with rough usage, or where the dimensions of the 
objects are such as to preclude the possibility of their being 
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fractured, accidentally or otherwise, such as the columns for 
supporting warehouse floors or roofs, or street lamp-posts of 
appropriate design. We all know the effect of one of our street 
lamp-posts of the present period being struck by the wheol of a 
passing carriage, which always fractures it at the weakest point, 
which 13 most ingeniously Ка in the best possible position 
for effecting that object. e lamp-posts on our bridges ought 
to afford an excellent opportunity for effective designs in iron- 
work, from their being generally seen against the sky. When 
cast iron is employed at all, the metal ought to be of the best 
description, and the castings ought to be as perfect as possible, 
and not require any filing np or tinkering afterwards, and to 
ensure the design being faithfully rendered by the pattern 
maker, it ought to be drawn out tothe full size of the pattern 
and not to that of the finished casting, as, if made to the size of 
the latter, the pattern maker will have to make the enlarged 
drawing to allow of the proper amount of shrinkage of the cast- 
ing in cooling. Regard must also be had to the equalisation as 
much аз possible of the sectional area of the various parts of 
the design, so as to guard against the possibility of fracture from 
unequal cooling. More than ordinary care, instead of less, as is 
the almost universal rule, ought to be bestowed upon the designs 
for cast work of any description which has to bear a number of 
repetitions. Our Geological Museum contains some very 
wonderful examples of fine sand casting in iron from Magdeburg, 
in Prussia, in the shape of ladies' fans and jewellery. In 
England, the Coalbrookdale Company have always been cele- 
brated for their fine castings, but the art treatment of their 
works, as well as those of the other large founders, would admit 
of a vast amount of improvement. The beautiful and extensive 
variety of geometrical and arabesque designs, to be met with in 
the metal work of the Indians and the Árabs, would furnish 
quite а new field for study in the improvement of cast iron 
work, and ideas might be obtained for light east iron grilles for 
windows from the elaborate carved stone screens of Northern 
India, many of which were exhibited in London in 1851, and 
some of which are now to be seen in the India Museum. 

А matter of minor importance in relation to ironwork, but 
which affects to а certain extent its durability, is its insertion 
into stonework. The disadvantages of lead for this purpose are 
well known. Sulphur and Portland cement. have been used 
with success, but there is still the danger of the bursting of 
the stonework from the oxidisation of the metal caused by damp. 
Ав cast iron is known not to be so suseeptible to this influence 
аз wrought iron, it might be used for the standards for wrought 
iron work, by plaeing them at convenient distances, and making 
them of & Сена massive character. Cast iron is being 
used for this purpose in France, and with a very good effect. 

The question of colouring ironwork is an important one, and 
deserves notice. I cannot say that I sympathize with the 
barber's-pole style of colouring so fashionable for ecclesiastical 
metal work, which probably is found to be attractive to the 
clerical eyo. A better effect might certainly be obtained in 
most cases by the use of fewer colours, or even of one colour 
alone, properly selected, and heightened if you like by the use 
of gilding in prominent parts. nwork ought to depend for 
its effect mainly on the beauty of its forms and curves, and 
should not have the outlines distorted by colour applied without 
any meaning, as if the colourist had attempted to crowd the 
greatest number of colours into the smallest possible space. In 
colouring ironwork, the back ground ought to be the guide for 
the predominant colour, which ought to contrast favourably 
with it, and as a rule, to ensure а good effect, the ironwork ought 
to be darker than the background, never lighter, unless it be 
wholly gilt, which has a good effect, if the design is of a very 
light and open character, as in the gallery railing to the readin 
room of the British Museum. The beautiful wrought ironwor'! 

_ to the choir of Notre Dame at Paris, designed by Viollet-le-Duc, 
has been entirely gilt, but being of a very elaborate character, 
the effect is not good. 

I am not aware that electrotyping with copper and bronze has 
yet been introduced into England for the purpose of protecting 
ironwork from rust, although this process is much used іп 
France. An excellent mode of preserving iron from rust is to 

alvanise it previous to painting, but it is found that iron of the 
best kind and closest texture does not oxidise to anything like 
the extent of inferior iron, and the reason that old ironwork is 
in such a comparatively perfect state is, that ter care was 
taken in the preparation of what we may call the raw material, 
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which was worked up by hand, and not sent wholesale through 
rolling mills. It will generally be found that where machinery 
is allowed to intrude into the domain of art, ап increase of 
quantity may be the result, but never of quality. It is instruc- 
tive to notice by what simple and trifling means a truly artistic 
effect was obtained in any ironwork, and we are thus taught 
the lesson that in introducing art into common things we are 
not compelled to adopt the most elaborate forms of it. 

The subject of this paper is one which admits of во wide a 
range of investigation, that it would require abler hands than 
mine to do justice to it, and I have therefore only ventured upon 
some remarks as to the lack of art treatment in the ironwork of 
the present day, and have offered a few suggestions towards its 
improvement, with the hope that they may conduce to the 
furtherance of this desirable object, so that every scrap of 
ironwork may have sowe interest attaching to it, аз of yore, and 
there will then be some chance of our rivalling, if not excelling, 
the genuine work of the mighty men of old. 


Mr. Ridge remarked that Mr. Lewes had ehown that the manufacture 
of good iron work was not confined to the medisval period, and he believed 
that students would see a great deal of good ironwork in some parts of 
London at the present time, and though the designs differed at different 
periods, the principles of all good work remained the same. The 
museum at Rouen referred to by Mr. Lewes, was most valuable as в 
place for the study of art work of all kinds. With regard to cast iron 
it had nearly always been its misfortune to be designed as an imitation 
of some other material, it was therefore most important that architects 
should be able to give it a character proper to itself. Cast iron capitals 
for instance deserved study, as both thoy and wrought iron capitals 
presented considerable difficulty to the designcr. The last specimens of 
wrought iron capitals he had seen were at the Brighton Railway Station, 
at London Bridge, and nothing could be more hideous than the metal 
leaves which were attached to the capitals as decoration. Engineer» 
work, artistically coneidered, was generally simply horrible, so that a 
wide field would open to architects if they would make ironwork artistic. 
It was not of course difficult to imitate what had been accomplished by 
artists of preceding times, such as metal screens and works of that class, 
but the present age required that iron girders and similar works should be 
treated in an artistic style. Lattice girders had not a bad effect, but 
they were generally spoilt in our bridges by the kind of sentry box put 
over the piers, to cover the junotions of the girders. He concluded by 
proposing a vote of thanks to Mr. Lewes for his paper. 

Mr. Dunphy said he quite agreed with Mr. Lewes in deprecating the 
abominable manner in which the London and South-Eastern Railway 
Company had contrived to carry their railway across the Thames at 
Charing Cross. The iron bridge put up there, with its pillars like 
inverted pipe-stoppers stuck into the bed of a river, was a perfect disgrace 
to the metropolis, and he considered that some representations ought to 
be made to the company on the subjeet. It was, of course, too late to 
get rid of the piers in question, but it was not too late to ask the compeny 
to direct their engineer to do something towards mitigating their hideous 
appearance. Surely something might be done by rosorting to the 
screwing and riveting process, which Mr. Lewes deplored во much, to 
give the cylinders the appearance of pillars, Something ornamental 
might be designed and affixed to the tubes which would relieve them 
from their present hideous appearance, With regard to area railings, he 
was glad to вее that in Portland-place an attempt had been made to 
substitute some artistic iron work for the dreary succession of menagerie 
railings now generally in use. 

Mr. Tarver Соза the study of iron work executed in the last 
century, referred to by Mr. Lewes, would go far towards modifying the 
* sensational " character of the prevailing designs of the present day, foc 
which medieval work was taken as а typo. This had led, he thought, 
even in the hands of a leading architect, and his followers, to results 
which, for want of a better simile, he could only compere with fire- 
works. He believed that repose in metal work designs could be beet 
obtained either by enclosing floriated patterns within definite bounding 
lines, or by the frequent use of spiral curves. 

Mr. Dunphy inquired if Mr. Lewes could account for the exceeaive 
prices charged for any ironwork of superior design. 

Mr. Lewes replied that it was the case in everything, if an architect 
wanted work according to his own design, he must pay extra for having 
it executed. Common articles which were kept in d were of moderate 
price, while original designs were rendered more expensive by the extra 

ur. 

Mr. Ash observed that architects of the present day were too fond of 
copying continental ironwork, in which the screw and rivet wore used 
because if the work were welded at the joints it caused additional labour 
and expense, With reference to the difficulty of finding good stampis 
of ironwork in England he stated that much old ironwork 
been destroyed during the last twelve years. During the repairs and 
restorations of churches the old ironwork, however beautiful in design, 
was too often destroyed, which was muoh to be deplored. 

The President, in putting the vote of thanks to the meeting, said the 
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Association was much indebted to Mr. Lewes for the manner in which 
he had brought a very able paper before the meeting. Referring to 
what had been said as to the difficulty of obtaining good examples of 
ironwork, he instanced the screen at Westminster, and the gates at 
Merton College, Oxford, as being specimens worthy of study. A vast 


amount of the ironwork of which Mr. T.ewes had spoken still remained, . 


though much had been destroyed. He advised that all architects 
should take care that no ironwork of any kind, having any merit as 
to design, should be destroyed. In rebuilding or altering any building, 
the architect should preserve it as religiously ashe did all old work 
іп a church restoration, He could not imagine any architect of 
the present day designing the patterns which appeared in the manu- 
facturers’ books; but if architects were told they would find the work 
would be seventy-five per cent. cheaper if they took some of the manu- 
factured designe, it was no wonder if they submitted to the force of cir- 
cumstances. The fault was with the manufacturers, and he was sure 
they might manufacture good designs as cheaply as the present very 
inferior patterns. On one occasion he had asked a manufacturer 
in Thames-street why he allowed such designs to appear in hie 
pattern books? And that gentleman's reply was, “ the fact is this, if 
one architect designs a good thing, somebody else comes in aud tella me 
it is horrible, and between the conflicting tastes of professional men, I 
am quite at a loss to know whose opinions to follow.” He thought that 
architects should treat ironwork as they treated any other part of their 
building, and if it cost more to have it in good taste, then it should be 
in the estimate. He objected to students studying the works of апу 
modern designers in ironwork, he thougbt they should look altogether 
to the teaching of ancient exemples; they should not follow one architect 
more than another, but work to the best of their ability and knowledge. 

The vote of thanks to Mr. Lewes was carried unanimously. Тһе 
following are the names of the office bearera elected for Session 1866-67 : 
President, Mr. Robert W. dis; Vice- Presidents, Mesars. В. Phené Spiers 
and Edward J. Tarver; C.mmittee, Messrs. G. Н. Birch, J. 8. Edmeston, 
E. B. Ferrey, H. L. Florence, Ernest Lec, С. Н. Е. Lewes, W. Lonedale, 
J. S. Quilter, L. C. Riddett, І. W. Ridge; Нот. Treasurer, Mr. J. 
Douglass Mathews; Hon. Solicitor, Mr. Francis Truefittt; Auditors, 
Мемгв. C. В. Arding and J. А Bunker; Curators and Librarians, 
Messrs. І. C. Riddett and W. Frewer; Hon. Secretaries, Messrs. J. 
Douglass Mathews and Rowland Plumbe; Registrar and Collector, 
Мг. William Farthing. 


----- 
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Fires, Fire Engines, and Fire Brigades. Ву Cnanrxs Е. T. 
Үосчо, C.E., Mem. Soc. Engineers, Author of “ The Economy 
of Steam Power on Common Roads," «с. &c. London: Lock- 
wood and Co. | 

CONCLUDING NOTICE.* 


WE regret that in several of the views given of 
steam fire engines, so little is shown in the way 
of detail or even of the actual external working 
parts of the engines as constructed. We may in- 
stance especially the view of Messrs. Shand, Mason 
& Co’s. horizontal engine of 1865, and that of the 

atent vertical engine of the same makers, also 

ted 1865, both of which strike us as being de- 
ficient in many particulars which we have been 
accustomed to associate with the engines purport- 
ing to be represented. It is easy to аа 
that these parts may have been omitted for the 
purpous of avoiding complexity in the figures, but 
we hold that by this omission, much of the value of 
the figures is lost, as they fail to give the thorough 
idea of the machine, which it should evidently be 
their object to produce. Ав regards the boilers of 
these engines, of which we should have liked to 
have seen sections, we presume that the accom- 
panying e and description taken, as we are 
informed, from the specification of Mr. James 
Shand's patent of 1863, will sufficiently give the 
. “The accompanying engraving Fig.7)is a 
longitudinal section, showing the construction of 
the boiler, steam engine, and pump. The fire box А 
is of conical form, so as to give space for a large fire 
te or furnace. The fire box communicates with 

е smoke box в and the chimney by the vertical 
tubes c. In order to diminish the water space 


* Bee ante, рр. 182 and 211. 
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and increase the steam space, two semi-circular metal cases or 
pockets р are fitted with the boiler round the space occupied by 
the tubes c. The casing р communicates with the steam space 
by two or more open pipes E, which ascend above the water 
level, and small cocks (not shown in the drawing) are fitted in 
the bottoms of the сазез р through the sides of the boiler, to 
draw off any water that may be formed by condensation. The 
upper shell of the boiler can be taken off by means of the bolted 
joints ғ and в; and the top of the smoke box can be taken off 
to repair the tubes, &c., by unscrewing the joint at H. The 
engine is composed of an inverted steam cylinder 1, placed above 
and eoncentric with a pump к, which parts are framed together 
by the four bars 1, which connect the enlarged head of the 
pump with the cylinder bottom, and which frame 1. also carries 
the bearings for the crank shaft м. The pump is fitted with 
india-rubber discs, which form the foot valve. In action, the 
suction is drawn in the up stroke by the bucket o, and in 
the down stroke about half the water is discharged by the 
displacement of the plunger N, and at the next up stroke the 
remainder of the water js discharged by the ascent of the 
bucket. The enlarged head of the pump x is fitted with a large 
air vessel Q, and nozzles to take the hose at в. Over the open- . 
ings to these nozzles at s is fitted a valve, shown in plan in the 
engraving, which is so constructed ns to admit of both outlet 
passages being open or to close either at pleasure, but not to 
close both outlet passages nt the same time. The connecting 
rod т is jointed to the bottom of the pump plunger м, which is 
itself attached to the steam piston by two piston rods, between 
which the crank works. Upon one end of the crank shaft м is 
keyed a fly-wheel, and upon the other end an eccentric, which 
works the slide valve and the feed pump v. The governor is 
constructed with a piston fitted into a cylinder, with a trunk and 
stuffing box ; the connecting link from the piston is attached to the 
lever of the regulator, a pipe is connected with the steam jacket 
of the cylinder, and another pipe with the enlarged head of the 
main pump, so that any change in the pressure of the water in 
the pump will cause the piston of the governor to be moved by 
the pressure of the steam, and thus regulate the admission of 
steam to the steam cylinder of the engine.” 

Boilers of the kind represented possess, while new and clean, 
most excellent steaming properties, and at first sight seem 
admirably adapted for steam fire engine purposes, but when 
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Fie. 7.—LoxortUpiNAL Szctiox or Suanp, Masox & Co.'s Vertical Enare. 
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further examined we think it will be clear that the objections 
to them, as compared with some of different construction, con- 
siderably outweigh the advantages. Thus it would appear to 
us, that in the first place, they must of necessity be expensive to 
construct, and from their Drmation not entirely free from 
danger of explosion, while at the same timc the unequal expan- 
sion of the parts will be likely to cause continual annoyance by 
leakage. The tubes, too, we should imagine must quickly be- 
come coated with deposit so as to greatly lessen their power of 
conducting heat to the water. Such at least is found to be the 
case with locomotive and marine boilers fitted with similar flue 
tubes passing through the water space. These arc points which 
we think are well worthy the consideration of the makers. 

The form of engine shown being of the quick running short 
stroke class, must, we fear, be somewhat unsteady in its action 
and liable to frequent derangement. It las always been our 
opinion that long steady strokes, with direct action between 
steam cylinders and punips, are much to be preferred to those 
in which not only is the stroke short and rapid, but the motion, 
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after having been converted from rectilinear into rotary, has 
again to be converted from the rotary of the fly wheel shaft 
into rectilinear in the pumps. The more direct the action of 
the parts and the fewer their number. consistent with the proper 
action of the machine, the better, and we think that this principle 
properly understood and carried out would go far to prevent th: 
recurrence of circumstances, such as that alluded to by 
Lord Naas, who, according to a report in the Standard of the 
13th of June, speaking of the late fire at Dublin, said. it was 
stated “ that the steam fire engine, which arrived а considerable 
time after the outbreak of the fire. fell completely to pieces. 
It is no doubt an exaggeration to say that the engine re- 
ferred to “fell completely to pieces,” but that it became com- 
pletely disabled is far from improbable, and would be a 
circumstance certainly not of very unusual occurrence. 

That mishaps can at all times be avoided, even with the best 
constructed and most simple engines, we do not for a moment 
assume, but that many breaks-down are clearly traceable to the 
engines being decidedly wanting in these particulars is certain ; 


Fig. 8.—MzzavwxATMER'S CHAMPION ENGINE, “ SvTHERLAND," 1863. 
and we,in common we think with engincers in general, should have 


beon glad if Mr. Young had entered at greater length into the 
subject of constructive detail and the Боцана upon which it 


should be carried out. In this way and by analytical com- 
parison of the several engines whereby known results have been 
achieved, and which have steadily maintained their efficiency 
during lengthened periods of service, we think that much good 
might have been done, although at the same time it must be 
admitted that to do this in a thoroughly efficient and reliable 
manner, giving not only the aggregate of work done by, but the 
cost of maintenance of each engine and the fuel it consumed, 
would be a matter of great diificulty, if indeed it could be 
achicved at all. Further than this, we must not lose sight of 
the fact that Mr. Young's work is evidently rather a popular 
history and resumé of the whole subject of fires and their 
prevention, than one intended for the use of engineers, or of any 
other class of the publie exclusively. In this point of view and 
as calling attention to past facts, past, and we may add, still 
existing, prejudices and exclusiveness, it may be of great service, 
and lead to the avoidance in respect of fire engines of an error 
comparatively as grievous as that of the Austrians in respect of 
improved firearms. The fact is that in these times progress is 


a necessity which will assert itsclf, and happy will it be for us 
as a nation, if we thoroughly realize this truth before being 
reminded of it, by loss either of commercial or political position. 
The Americans seem to be peculiarly alive to this, and to 
understand that it is better to run the risk of sometimes making 
a blunder, than to continue bound in the trammels of red tap. 

or prejudice. It is untortunate that not even facts themselves 
are at all times suflicient to ensure a just sentence, and hence we 
find that many inferior things arc patronized, where others 
which are far superior are comparatively unknown. Still it js 
evident that tables of results, such as those so carefully given 
in this work, must lead to reflection, and we should ho e, in the 
end, to a general adoption of the most correct nensis which 

it will be observed. is in the direction we have already more 
than once indicated, and which is evidently the one which 
Mr. Young's observations lead him to prefer. Of the Suther- 
land, which is an admirable example of the class of direct acting 
engine to whieh we have referred, Mr. Young quotes the 
following from the last report of the late Lambeth Fire Brigade 
which, referring to the Crystal Palace trials, says, ^ The 
Sutherland (Merryweather and Sons).—This engine worked 
most satisfactorily throughout the whole of the trials it was sub. 
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jected to ; its jets were quite free from pulsation, and its water 

steam pressures were very equal; the water in the boiler 
was also very regular in quantity. The water cylinder, through 
в defective casting, leaked slightly during the first day's trial, 
which prevented the engine from accom Был greater results, 
but it was repaired in the course of a bw hours. The pumps 
were not charged for any trial, and the boiler did not prime in 
the least." 

As regards the construction of the first steam fire engine in 
America, Mr. Young says, “The honour of having constructed 
the first steam fire engine in the United States has long been 
given to Mr. John Ericsson, and it has generally been believed, 
at least in this country, that to him the credit of this was due. 
Great pains and a considerable amount of rescarch have satisfac- 
torily proved, however, that this is not the case; but the grounds 
on which the idea became established were, that in the year 1840 
he obtained the gold medal which was offered by the Mechanics’ 
Institute of New York for the best plan of a steam fire engine. 

“А design for a steam fire engine was sent in by himin answer 
to the offer, and this engine being almost identical, except in the 
boiler, with those which had been so successfully manufactured 
and employed by Mr. John Braithwaite in London some ten or 
twelve years before, and consequently, had been pretty well 

roved in working, naturally carried oft the prize, as there could 
little room to doubt its being successful if carried into practice. 

“ No account has been found of its ever having been made, nor 
has any information been received in answer to the inquiries 
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We give tho figure of Mr. Hodge's engine, which appears to 
have worked in a most satisfactory manner, giving results, 
which will compare very favourably with others of much later 
date; we also give an engine as constructed by Messrs. Poole 
and Hunt, of Baltimore, in 1865, of which we are told ‘the 
pumps employed by Messrs: Poole and Hunt are of а peeuliar 
character, consisting of two barrels placed one over the other, 
in each of which are two pistons, attached to each piston rod, 
and fitted with india-rubber valves. The two piston rods are 
attached toa eross head, which is again attached to the piston rod, 
so that one cylinder and steam piston works the two pumps, and 
the four pistons connected with them, a small fly-wheel being 
ased. They are constructed of three sizes or classes, each of the 
following weight :— No.1 = 6,500 lbs, or 2 tons 18 cwt. 4 lbs. 
English; No. 2 = 5,000 lbs, or 2 tons 10 ewt. English; 
No. 3 = 4,500 Ibs. or 2 tons 20 lbs. English. It is found that 
the second class is of sufficient capacity for use in the largest 
eine whilst for towns or cities of moderate size, the third class is 
ample. 

е trials at Rotterdam between an engine made by Messrs. 
Shand, Mason and Co., and the engine, “Пе Maas,” by Messrs. 
Me eather and Sons, are given from the official report of 
M. Von der Tak, Director of the Board of Works there. This 
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made respecting it. The following remarks, and the sources 
whence they were obtained, seem evidently to show that they 
added іп по small degree to the propagation of this idea :—In 
Le Cras’ work, ‘The Gaited States and the Canadas,’ written 
in 1841, it is stated that one of Ericsson's engines was then being 
built. It was to be a little overtwo tons in weight, and to throw 
3,000 lbs. of water per minute, equal to about 300 gallons per ' 
minute, to a height of 100 feet, and so arranged as to throw four 
streams at once if required. 

“The Mechanics’ Magazine, for 1840, contains the following 
extract from the Times respecting this engine :— A steam fire 
engine has been invented at New York by Capt. Ericsson. It 
weighs only 2} tons, and will throw 3,000 lbs. of water per minute 
to a height of 105 feet through a nozzle of 13 inches in diameter.’ 

“The first steam fire engine constructed in the United States 
was designed and built by Mr. Paul Rapsey Hodge, C.E., a well 
known English engincer, at his own works in Now York, in the 
year 1840-1. It was a self propelled engine, the first of the kind 
ever constructed, with horizontal cylinders and pumps ; a locomo- 
tive boiler, in some respects likethe style introduced by E. Bury 
for locomotives ; the slab or plate framing to which the cylinders 
and pumps were attatched, as is now used in locomotives ; and 
wrought iron wheels, which were manufactured by the Matteawan 
Company for Mr. Hodge. It was arranged to be drawn by 
horses it required, as well as by hand and its own steam power : 
and this, about twelve years after steam fire engines had been 
in use in England, was the first made and used in America." 


Fig. 9.--Тнк Finsr Amzsican STzAM Fies ExGixm, P. Е. Норав, 180-1. 


report is accompanied by a diagram, showing the forms, heights, 
апа horizontal distances of the jets thrown by each engine, of 
which a copy is given, and which is алав as showing the 
superior steadiness and continuity of the jets thrown by the 
longer and slower stroke of engine. There 15, however, another 
class of engine of which we have as yet but little practical 
knowledge in this country, namely, that of which tho unfortu- 
nate “ Manhattan” ів Ше type. Of the arrival of this engine 
to take part in the Crystal Palace trials, our Author says :— 
“Tho Manhattan, and the delegation, іп the hands of the 
London Fire Engine Establishment, arrived at the Crystal 
Palace оп the 30th June, and the engine having been weighed 
and the boiler tested, was declared all right, and was then to be 
removed to the portion of the grounds set apart for the trial. 
Instead of the engine being taken by the easiest and ncarest 
way to this point, it was taken round by the north tower, where 
there was a steep incline; but when it reached the top of the 
incline, and began to descend, the weight overpowered the men 
in charge of it, and the man of the London Fire Engine Estab- 
lishment, who had hold of the pole, was unable to guide it, and 
it ran away down the ineliue, and, at a point where the road 
curved, ran into a tree and capsized, smashing the engine and 
severely injuring the fireman before alluded to. | 
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“The force of the blow knocked off the fore-carriage, broke 
one of the flywheels, and cracked the other, turning the engine 
completely upside down, thus leaving the engine, the night before 
the trials, in a most crippled condition. The delegation who 
brought the engine over, however, would not be beaten; and, 
procuring the assistance of some labourers, set to, to try and 
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get the engine into condition for the next даув trial. By dint 
of great exertions they succeeded in doing so, во far as to have 
it on the ground in time, and thus prevent loosing the entrance 
fee. At this stage of the proceedings it was objected that the 
accident might have caused the engine to have become dangeroua 
and unsafe to work, and therefore it ought not to be tried at all ; 


Fre. 10.--Ехатив оғ Poors & Ңгит, Влілімонв, 1865. 


however, after much discussion, it was resolved to prove th® 
boiler, and accordingly, with a laudable desire to prevent injury to 
the public, and which has been shown on numerous cr 
occasions, the superintendent of the London Fire Engine Estab- 
lishment proceeded to test the boiler with a water pressure of 
250 lbs. on the inch, and double the pressure required; but 
the engine injured as it was stood the test well.” 

This mishap, and the culpable mismanagement, which led toit, 
are greatly to be regretted, not only because of the loss of the 
opportunity for testing that partieular construction of engine, but 
on account of the feeling it induced on the part of our American 
brethren, that a desire existed to do them less than justice 
in this country. We trust, however, that this feeling will subside 
when it is seen that all among us whose opinion is of value are 

repared and anxious to give American inventions as full and 
air а trial as is accorded to those of our own countrymen, and 
whether the competitor be a Manhattan or a Miantonomah, we 
are prepared to accord toit the fullest meed of praise or acknow- 
ledgement of superiority its performance may deserve. Upon 
this subject, we regret to find the Authors’ experience leads him 
to speak as follows :—' So far as the Author can gather from 
Americans resident in London, the disgust and annoyance felt 
by them from the treatment they received on the visit of the 
American firemen and engines in 1863, and the results of the 
во called ' trials' have raised such a feeling amongst them as 
cannot fail to lead them to refuse any information, or to render 
апу assistance on such a subject, when sought to be obtained 
from this side of the Atlantic." 

We cannot enter at length into a discussion of all the features 
of Mr. Young's work, which touches upon almost every detail 
of fires and fheir prevention, от not only what has been 
done in our own country but in the other parts of the world, and 
giving numerous suggestions which can only have arisen from a 
careful consideration of the subject and a sincere desire to advance 
the ends of truth. То all those who may fecl an interest in а 
subject of such importance to us all, we cannot do better than 


recommend an attentive persual of this laborious work, which 
we feel assured will direct attention to many pono of import- 
ance not hitherto cither properly understood or fairly appreciated. 


--------- 
BUDDONNESS LIGHTHOUSES, RIVER TAY. 


THE apparatus employed in the towers of the two new leading 
lights at Baddonness consists entirely of glass, and is somewhat 
curious and intricate in its details. It was constructed from the 
designs of Messrs. Stevenson by Messrs. Chance, of Birmingham, 
and is remarkable and unique from its combining every kind of 
dioptrie lighthouse apparatus. The whole of the light which 
comes from the burner is condensed by the best optical agenti 
(по metallic reflection being used) into a horizontal are of Y 
five degs., and spread over that arc equally by means of the 
following instruments, viz. :—Fresnel's fixed light apparatus and 
annular lens; also the following instruments of Mr. Thomas 
Stevenson—the azimuthal condensing prisms, holophote, right- 
angled conoidal prisms, and dioptric phen mirror, with 
Mr. J. Т. Chance’s setting. The conoidal prisms have never 
been employed before. The azimuthal condensing prisms were 
first used at Isle Oronsay Lighthouse, Argyleshire, 1n 1857, and 
the dioptric spherical mirror was first introduced by Messrs. 
Stevenson into a lighthouse in the colony of Otago, but it bas 
not been applied til now in any light in Britain. It is сощреви 
of glass prisms, and possesses Ше property of returning the 
li Е. that falls on it back again to Ше flame, во as to increase Ив 
effect without allowing any rays to pass through, but causing 
all to go seawards. Hence an observer standing bekind the 
apparatus secs no light, although the screen between his eye and 
the flame consists only of transparent glass prisms. 

The Board of Trade have lately given authority to the Com- 
missioners of Northern Lighthouses to get a facsimile of the 
Buddonness apparatus constructed for being shown at the Paris 
Exhibition. The lights were permanently exhibited on the 
14th July, 1866. 
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September 1, 1866] 


ON THE ARCHITECTURAL HISTORY OF THE 
COLLEGE AT ETON.* 


By Ривоғкввов WILLIS. 


Тнв Professor prefaced his account with some introductory 
remarks on the general history of colleges and their growth. 
The universities wero at first corporations of educated men, tho 
teachers or doctors in which instructed by lectures in the public 
schools, the students being obliged to Rnd lodgings for them- 
selves. Soon, however, generous persons gave funds to assist 
E students. After а time а more definite shape was assumed 

y these institutions ; and lodgings were also provided, that the 
morals and manners of these students might be brought under 
superintendence and control. The next step was to purchase 
houses, endow them and provide them with statutes. Thus 
aroso the communities termed colleges, residing in buildings 
called the Domus or Aula, which at first contained little else 
than chambers to lodge in, with а dining-hall, kitehens, &c., 
like the ordinary dwelling-house of the period. The first of 
these colleges was that at Oxford, by Walter de Merton, in 
1264; one was founded at Cambridge soon after; and others 
followed gt intervals up to 1379, when in the so-called New 
College at Oxford William de Wykeham erccted the first archi- 
tectural building, complete in all its details, and so well organized 
in its statutes, as well as in its structures, as to servo as a basis 
for all subsequent erections. His plans also included the then 
new feature of a preparatory school, at Winchester, for young 
boys, from whom the members of his Oxford College were 
to be selected. The Professor next proceeded to the con- 
sideration of King's College, Cambridgo, and its appendage Eton.. 
He gave в touching account of the effect of the misfortunes of 
Henry the Sixth in retarding and finally suspending these 
works, followed by a just parallel between the continual 
devising of plans for the education and elevation of his people 
by that monarch and the constaut efforts in the same directions 
by the late Prince Consort. Prof. Willis then detailed the 
original plans for Eton College as sct forth in that monarch’s 
“will "—this will being, however, not a “last will and testa- 
ment,” but in reality a аа specification for his colleges, in 
which so clearly has he laid down his plans that the lecturer 
was able to transfer them to paper, and to exhibit diagrams of 
the ground-plans to his audience as a basis for comparison with 
а plan pe pared by himself of the actual buildings subsequently 
erected, and showing the condition of Eton in 1866. Зло 
however, did not mature his plans at once, but modified them 
very considerably at a shortly subsequent period. Не first 
founded a collegiate grammer-school at Eton and a small college 
at Cambridge, dedicated to St. Nicholas, that saint's day having 
been his birthday. А site was purchased at Eton, north of the 
cemetry of the old parish. chureh (now no morc), and the King 
came down and laid the first stone, over which was to be the 
high altar of the new collegiate church. Тһе King soon enlarged 
his plans, inereasing the number of his beneficiaries and con- 
necting, by statutes copied from Wykeham's, Eton School with 
King’s College at Cambridge. 

The contemporary building accounts and documents, contain- 
ing the King’s projects snd instructions, long mislaid, and 
believed to have been stolen, were by a fortunate accident dis- 
covered in a forgotten recess of the Library at Eton, about two 
months since, and liberally submitted to the Professor's inspec- 
tion. They contain abundant proofs of the personal interest 
which the King took in the details of the college buildings, and 
of changes and improvements introduced by him as time went 
on. They show that the works at Eton were of two kinds, 
carricd on simultancously. First, the enlarging, refitting, and 
altering of buildings that already stood on the site purchased by 
the King, including the parish church of which he obtained the 
advowson, and its conversion into a collegiate church. These 
buildings were so treated as to make them serve as temporary 
dwellings for the accommodation of the provost, fellows, and 
students of his new College, which enabled the school to be 
brought into active existence from the beginning, without wait- 
ing for the erection of the magnificent architectural pile described 
in his will and other documents, and which was commenced 
simultaneously with these temporary operations; but which, 
even if carried on in prosperous times, would necessarily have 


* abstract of Address before the London Congress of the Archmological Institute. 
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occupied many years in completion. The chancel of the old 
parish church was rebuilt on a larger scale, and fitted with stalls 
and other appurtenances for the daily choral service. A hall in 
one of the old houses was enlarged; a school-room and other 
buildings constructed of wood. e almshouse for poor men, 
described in the will, was also built. 

The permanent College was also begun; the first Вида 
аты being the great chapel, which now exists, and the ha 
and kitchens. This chapel was placed in the old parish church- 
yard, to the north of the old parish church, and was Hp as 
the chancel of a large collegiate church, to be provided with a 
nave or body for the parishioners, as described in the well- 
known will of Henry the Sixth, dated 1445. But, after the 
signature of this vill. the King enlarged and altered his plans. 

е sent persons to Sarum and Winton, and other parts, to 
measure the ehoirs and naves of churches there, and had im- 
proved designs made for the college buildings. 

The Professor found among the documents two specifications 
relating to the chapel, the one exactly corresponding to that of 
the will, but in which every dimension is struck through with а 
pen, and an increased dimension written above it. he other 
specification describes the chapel or church, as it is called, in 
different phraseology from that of the will, and more completely. 
The dimensions in this latter paper are still greater than those 
of the corrected document, а what is more curious still, they 
correspond exactly with the chapel as it exists. The paper con- 
cludes with minute directions that tho foundations of the chapel, 
which had already been laid (of course in accordance with the 
will, for tho works had been in progress for seven years before 
that will was signed), should not be disturbed, but the new 
foundations (i.e. for the enlarged dimensions), be laid round the 
outside of them, and be constructed with tho greatest care, and 
with “mighty mortar." Tho first stone under the high altar to 
remain undisturbed. This stone was protected by a small chapel 
built over it in the first years of the works. 

The deposition of the аш. іп 1461, put an abrupt stop tothe 
buildings, which had languished during his increasing mis- 
fortunes. That they were resumed, after a long interval of time, 
by his confidential friend and executor Bishop Waynflete, is 
stated by Leland, and also shown by an indenture, in 1476. 
between him and a carver, who engaged to make a roodloft and 
stalls for the new chapel, and to take down the roodloft and 
stalls in the choir of the old parish church. This proves that 
the great chapel was only then brought into a condition to 
receive its fittings. It must have been just roofed in. The 
Professor pointed out to his audience evidences of the haste in 
which the upper part of the chapel had been completed. The 
arch heads of the windows are abruptly depressed, in a way 
which shows that the walls of the chapel were intended to have 
been carried much higher by the masons who built the jambs 
and springing of the window-arches. It is probable that tho 
work had been carried up exactly to this level when the defeat 
of the King stopped the operations. When resumed by Wayn- 
flete, with insufficient funds, expedients were adopted to епа о 
the buildings to be rapidly finished and roofed-in for use. The 
hall exhibits similar evidences to show that its walls and windows 
were designed to have been carried up to a much greater cleva- 
tion than they now present ; and that after a sudden interruption 
it had been hastily put into a condition to receive the roof, which 
is of a very plain construction. The magnificent body of the 
collegiate church designed by the founder was never even com- 
menced. The choir, or present chapel, is now terminated west- 
ward by a low traverse ante-chapel of slight construction, 
probably the work of Waynflete. 

The old parish cliurch appears to have been pulled down after 
the present chapel was prepared for service, as above stated. 
The parishioners retained tho right of employing this chapel as 
their parish church. But the increase in the numbers of the 
students and of the population, and other causes, creating great 
inconvenience, both to the college and the parish, a new church 
or chapel-of-ease was erected in the town of Eton for the use of 
the parishioners, in the last century. 

The arrangement of the college buildings differs entirely from 
that described in the will of the founder in 1448. The Professor 
concluded from this, and from the mention of a plan ог“ Por- 
tratura ” exhibited to the King, in the following усаг, “ for tho 
finishing of the buildings of the college," that he, when adopting 
an enlarged design for the chapel, had also determined upon a 
new disposition fcr the other buildings. 
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The college in the will is imitated from Wykeham's colleges, 
consisting of a quadrangle, containing hall, library, and chambers, 
and of a cloister. But in the existing college the quadrangle of 
chambers contains not only the hall and library, but is also 
cloistered. The site of the cloister first proposed, but never 
commenced, is that now occupied by the school.yard. The 
cloister quadrangle is arranged upon а plan unusual in colleges. 
It was built in two stories, having chambers on the north and 
east sides, and the hall on the south, the dimensions of which 
agree exactly with the founder's will. The upper chambers are 
not reached in the usual manner, by assigning one staircase to 
each contiguous pair; but a gallery is carried round the upper 
floor, exactly over the cloister of the ground floor, to give access 
to Ње doors of the chambers. At each internal angle of the 
quadrangle, or quadrant, as the will terms it, is a square turret 
containing & приз! stone stair, or vice, with a door below and 
above, by which the upper gallery is conveniently reached. 

The chamber buildings were carried round the east and north 
sides in one style, and probably in the founder's time; but the 
west side, which contains the great gateway called Lupton 
Tower, was built, after a considerable pause in the works, in a 
totally different manner during the provostship of Lupton, and 
probably in the reign of Henry the Eighth. 

Тһе cloister-arcade and chamber-doors on the ground floor оп 
this side appear, however, to belong to the earlier building, and 
to have been suddenly stopped in an unfinished state. This 
western side of the quadrant is wholly devoted to the provost, 
and contains a large dining-hall, termed “Election Hall,” with 
а withdrawing-room behind it, over Lupton’s entrance-arch, and 
large bedchambers beyond, joining the hall. In the will of the 
founder a much smaller provost's lodging is placed in this 

sition in two stories. The present extension is accounted for 

the bountiful hospitality which, at and after the period of 
Henry the Eighth, was exercised by the masters of colleges in 
favour of the nobility and gentry. is compelled the building 
of chambers and reception rooms. After the Reformation the 
marriage of masters of colleges created a new demand for space, 
and made it necessary to supply these officers with a family 
residence. 

The subsequent works carried out in this college were enu- 
merated as follows: The lower school, or north side of the 
entrance quadrangle or “school-yard,” was built before 1581, 
and has the long dormitory above it. The library in the cloister 
г селдір а was built by Sir Christopher Wren. The new 

he new upper school, which is the western boundary of the 
school-yard, was rebuilt in 1689. In 1758 an attic was raised 
upon the east and north sides of the cloister court, and the 
entire group of chambers altered so as to convert them into a 
row of private houses of three stories each for the fellows of the 
college. Lastly, the interior of the chapel, which had been 
refitted and “beautified” in the Italian style in 1699, b 
Mr. Banks, was well restored to its ancient aspect, with ric 
stalls and canopies, in 1850, from the designs of Mr. Dcason. 


----2З--:- 


THE ARCHITECTURE OF ASIA. 


Since the revival of Mediæval architecture, tho studies and 
researches of archeologists and professors have been usually 
limited to Europe. We began—and very naturally—with that 
phase of our own English Pointed which approached nearest to 
our own day in point of date, and which is connected with the 
Italian work of our best Renaissance period by the transitional 
Elizabethan style. 

From Perpendicular we fell back successively on Florid 
Decorated, Marly Decorated, Early Pointed, and Norman ; and 
then we began to have recourse to French examples, taking 
them also in the same retrograde order, till French Romanesque 
pone now pretty well exhausted by the archeologists—though 
not by the architects—the former аге betaking themselves to 
the early Christian architecture of Syria and Asia Minor; and 
before long we shall no doubt hear of Early Syrian as an ad- 
mitted style in which to crect a nineteenth century church. 

Some portions of the field of art available in Europe have 
been more popular than others, but magnificent examples of 
architectural research exist, from which the Moorish architec- 
turo of Spain, the Norman of Sicily, tho still earlier art of 
Havenna, and the more oriental types of Venice, have respec- 
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tively furnished the subjects, although notwithstanding that 
there is not one of these phases of art which can ever be said to 
have been popular enough here or in France for its revival to 
have been seriously attempted. 

It will soon then be time for the antiquarians, whose cry like 
that of the ancient Anthenians, is ever for some new thing, which, 
however, must be old as well as novel in order to please them, to 
turn their attention to a new field; but it is also not improbable 
that among the students of architecture, as distinct from archæo- 
logy, there are few who will not welcome an introduction to a 
fresh field where а development of architectural art hitherto 
little known or valued awaits their study. 

To such the field of Western India may be well recommended 
ав containing а fund of wealth, little known, and less cared for, 
embodied in piles of masonry crumbling to decay, and fast 
becoming desecrated and destroyed, but displaying a noble, а 
consistent, and а highly developed phase of art. 

We have before us at this moment в volume of photographs 
from some of the most remarkable Mohammedan 


their influence 
us willing to forego the knowledge of an 
and however well such works as these o 
have unfolded some of the 


truly noble work; 
Mr. Ferguson ша 
eculiarities of the various Тора 
styles, Ше beauties of this, by far the most artistic of them all, 
are not familiar to many. e distance and climate of India 
render a visit to these works themselves formidable, yet we 
cannot forbear expressing the opinion, that before long they are 
likely to become a favourite field of research. 


COTTAGES FOR AGRICULTURAL LABOURERS AND 
WORKMEN. 


(With an Engraving.) 


So much has been said and written upon this subject during 
the last few years, that it might appen ittle more relating to it 
remains to be stated or suggested. A variety of designs for 
cottages have been illustrated and described from time to time 
in this Journal, and in other publications; and many of these 
have possessed considerable merit, as to design and arrangement 
of plan. In many counties of England examples of such 
cottages have been erected, and are proofs of the great desire 
on the part of some landed proprietors to benefit the agricultu- 
ralists living upon their estates. In other cases, 
manufacturers have manifested a great interest in the welfare of 
their workmen by the erection of whole villages of improved 
dwellings, the rental from which would not return even a 
moderate interest upon their cost. Those landlords who have 
in this way studied the comfort and well-being of their 
labourers appear to have adopted the late Lord Palmerston's 
idea who considered it was the duty of the landlord to provide 
decent homes for the agricultural labourers working upon his 
estates. He felt justly, that the wages received by the labourer 
is such that it is out of his porer to pay in weekly rent suff- 
cient to render cottage building a profitable investment; but 
he considered that a farmstead is imperfect unless the landlord 

rovide cottages for the labourer as a necessary appendage toa 
arm, in the same manner as a dairy is to a farm house. Аз such 
he placed the investment on the acreage of the land. 
he model cottages built by the late Lord Palmerston at 
Broadlands, and by other landlords, do them much credit, but а 
mistake has in most instances been the unneces increase of 
cost, by making the rooms larger, with walls finished 
inside more expensively, than is at all desired by an agricultural 
labourer, thus causing these improved cottages to be com- 
paratively rare in England. 

Landlords desiring to erect labourers’ dwellings would find 

some useful suggestions in a little book ;* entitled * Healthy 


+“ Healthy Moral Homes for Agricultural Labourers.” 8то., 24 plates, Pub- 
lished by the Author, P. Thompson, 24, High Street, Marylebone, 


дет 


вто те 


S Quid | 


(ЕК 


ЕТУДІ 


ЧА ani 


-aTi NS 


ома ен мини 


Woot qM VIVO MAY Anc E 


4 v aum uo unma 95 Test aL 


Sow 

“NED; 
па е 3 

JN2n 15 мо ноз <піуну44У m 


ENS. 7 "n $  » x 


puno.p) Teapureq t pnno.u) 


скута 


ПАУ) НӘ и Фо Боза “Долы жу езип Утум ALYY NOS едонн TALI HILM Bova ~ лан 10: Xis ло ола 


Beptember 1, 1864) 


Moral Homes,” the object of which is to prove that this class 
of cottages can be built at such a cost аз to moet the low wages 
received by the agricultural labourer, and that the owner would 
receive в fair interest upon his outlay. 

The suitability of concrete as в material for the cheap con- 
struction of wails of. houses and other buildings has recently 
been tested, by the erection of two semi-detached cottages in 
the Woolwich Road, Baxley Heath, Kent, all the walls as well 
as the ground floor and roof of which are of concrete. These 
two cottages are illustrated on the accompanying Plate, (No. 34) 
by a perspective view, ground and chamber plan, and transverse 
section. Whey each contain six rooms and the cost of each, 
including carpenters’ and joiners’ work and all fixtures, was 
£100. The concrete walls of these dwellings were constructed b 
means of an apparatus invented and patented by Mr. Tall 
of the Old Kent Road, London. Part of this apparatus forms a 
scaffold as the work progresses. It is illustrated t y the diagrams, 

s. lto 10, (Plate 34), and will be best understood in the words 
of the specification of the patent, which we quote. 


The object of this invention is to effect an economy in building 
dwelling-houses, cottages, garden walls, &o., by forming such structures 
in concrete combined with brick rubbish or other hard durable substance 
in place of employing costly brickwork or masonry, as is now the case. 
In carrying out this invention, an ordinary concrete foundation is laid, 
and npon the foundation horizontal frames, constructed of boards lined 
with zinc or other metal, are set up on edge. These frames, as shown 
in plan at fig. 1, plate 31, and in side elevation at fig. 2, will form Ше 
outer and inner faces of the walls to be built, and the two sides a, a, of 
the frames will together constitute a kind of trough 4, for receiving the 
concrete and other matters of whioh the wall is to be composed. The 
walls or boards of the frame are secured at the angles to angular pillars 
or supports с, e, by means of thumb screws c!, сї. Gauge couplings d, d, 
may to connect the sides а, в, of the frames together, and 
keep them from bulging. As the concrete in the trough 5 sets, the 
frames аге to be shifted higher up the pillars е, e, and again attached ог 
secured by the thumb screws с, and a further supply concrete and other 
materials is laid in the raised trough 2, When the wall has been raised 
toa level for the doorway, the door frame is set up as аба, figs. 1 and 2, in 
the trough at the part where the door is required to be fixed, anda 
second trame f, acting аз a core, forms the required reveal in the wall. 
In like manner, the openizgs for tbe windows are to be formed. 

To allow of the flooring joists being bedded or inserted into the walls, 
cores representing the ends of the joists are used, во as to form recesses 
for the ends of the joists. Fig. 3 represents the cores 9, g, formed in 
three pieces, во that by withdrawing the centre piece, which is wedge- 
shaped, the other pieces may be easily removed, Thoy are secured behind 
by a block piece уз. When placed in the trough, they are concreted 
over. When the concrete is set, tho cores g, g, may be withdrawn, and 
the recesses will be provided fer receiving the ends of the joists м, ва 
shown in the detatched sectional view, fig. 4. 

For the fireplaces and chimney flues, where they occur, the construction 
of the inner frame is changed, and the frame is constructed with a suitable 
angular internal projecting part, as shown at fig. 1, а core or block $, 
being provided for the fireplace. The flues are made by inserting cores 
nine inches in diameter, consisting of solid blocks or hollow tubes. These 
cores, which are shown detabced in plan and clevation at fig. 6, are drawn 
up higher and higher as the wall rises, so that a ciroular fiue of the pro- 
per diameter is then formed. А suitable core $, is also provided for form- 
ing the fireplaces and for connecting them with the flues. In order to 
form the roof, a rough flooring of joists А, is first laid, as shown at fig. 6, 
and boards j; then the joists and boards are covered over with a layer of 
concrete k. Over this a latice work of hoop iron /, 1, is next laid, ог 
woodwork may be used, аз at fig. 7, whioh will overlie or be inserted 
into half the thickness of the welis. This lattice work is covered with 
another layer of concreto &', care being taken to give the upper surface a 
suitable inolination to throw off the rain. If preferred, an arched roof 
may be constructed by applying concrete over an ordinary centre or arched 
framework covered with гіпо, by which a smooth surface is produced. 

Іп order to form cornices for the windows and doorways, moulds, as 
shown at m, fig. 6, are omployed, which whether applied at the time of 
building up the walls or afterwards, admit of the coraioe being cast in 
position by running the concrete into the mould. 

For forming the ground floors of cottages and warehouses, the ground 
За covered with a layer of concrete, and upon this concrete is laid a lattice 
work of wood of square or other pattern, as shown in plan at fig. 8, and 
the spaces betwoen the laths of lattice work are filled with concrete, the 
wood work being exposed. 

Instead of using the angular pillars e, above mentioned, and shown in 
figs. 1 and 2, the side frames a, 4, may, at the commencement of the work, 
be connected together at the angles by angle pieces equal in depth to tho 
width of the frames, or the side frames may be conneoted together at their 
ends by screws; butin whatever way the ends of the side frames aro 
connected together, the frames a, a, Prming the opposite sides of the 
trough ё, must be conneoted together throughout their length by two lines 
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of the cross tie bolts d, d, which pass through the hollow cores 43, 43, 
showa detached at figs. 9. Аз the wall is formed, the bolts d, are with- 
drawn, to allow of the aide frames a, being raised, and the lower series of 
bolts d, are again to be applied to the frames, but this time they will be 
passed through the holes in the concrete formed by the upper series. In 
this way the work will serve to support the frames, and the angular 
pillars с, will nor be required, It will be obvious that chimney shafts 
may be erected in a similar manner to the wall building above described. 
In proceeding with suoh erections, the use of expensive scaffolding шау 
be avoided by coring out openings for the putlogs or supporting timbers, 
which oarry the stages for the workmen. This is shown at fig. 10, which 
represents a portion of a wall with a scaffolding or stage supported upon 
brackets s, м, which are secured to the wall by the tie bolts и), w!, 
When the brackets and their platform аге no longer required, the bolts т 
ri wooo and the cores knocked out; the holes thus left may then be 
up. 

Among the advantages resulting from this employment of 
concrote, as stated by the inventor of the apparatus referred to, 
аге a saving of one half tho cost of the walls as compared with 
brickwork ; greater strength ; the walls being thoroughly imper- 
vious to wet or damp; the ease with which circular flues can be 
formed in the thickness ofthe walls for the passage of smoke and 
for entilating shafts; that concrete walls are bad conductors of 
sound as well as of cold and heat ; the absence of necessity for bond 
timbers; and that the walls being nearly smooth require but one 
coat of plaster internally. Mr. Tall states that cottages each con- 
taining five rooms, built in blocks of four or six, with a frontage 
of 12 feet апа а depth from front to back of 21 feet 8 inches, 
heigth from floor to ceiling 7 feet 6inches, with wood barn 7 feet 
square, can be built for #50 each. А block of six cottages of this 
class is also illustrated in the accompanying plate. It must be 
understood that we do not illustrate these cottages on the score 
of any merit in their design, but merely to show what has been 
done to cheapen the cost of labourers' dwellings by the employ- 
ment of concrete. 

The proportions of materials for concrete employed in the con- 
struction of the cottages described were 30 cubic yards of gravel 
stone, through a five-eights inch sieve ; 3 cubic yards of Portland 
cement, 3 cubic yards of drift or river sand. do cubie yards of 
this concrete will build 120 yards of 9 inch work at a fraction 
over Із. 8d. per yard. Тһе cost of labour is stated to be 9d. per 
superficial yard of 9 inch work. 

t may be stated that the Emperor of the French has ordered 
the erection, in Paris, of several blocks of workmens' dwellings, 
five stories in height, the walls of which, entirely of concrete, are 
now being constructed with the aid of the apparatus above 
described. 


TRIAL OF A STEAM FIRE ENGINE. 


On the 27th ult., an interesting official trial took place at the 
Royal Dockyard, Deptford, with a large steam fire engine just 
constructed for this dockyard by Messrs. Merryweather & Sons, 
from the designs of Mr. Edward Field, C.E.; the engine being, 
in general arrangement and construction, like those alre 
supplied by the same firm for Devonport and Portsmouth 
dockyards and the Metropolitan Fire Brigade. Similar engines 
are likewise in hand, we aro informed, for the dockyards of 
Woolwich and Chatham, and for the Russian and Belgian 
Governments. 

Tho engine under notice has double cylinders and is arranged 
on the long steady stroke principle, with direct action between 
steam cylinders and pumps; the boiler being on Ше “ Field " 
principle, now extensively employed both for stationary and 
portable purposes. The chief points aimed at in the designing 
of theso engines have been simplicity, durability, efficiency. 
accessibility of the various parts, and facilities for repairing 1n 
cases of damage arising through tho carelessness of attendauts ; 
especially in Mor ug the beers to become short of water; as 
an instance of which we may mention that in the case of one of 
these engines recently returned from a fire engine station, the 
boiler had been allowed to get short of water, and that although 
nearly the whole of the tubes were burned, the other parts of 
the boiler were not in апу way injured; and the engine was 
returned in perfect working order within 14 hours; whereas 
had the boiler been of the usual vertical tubular construction, 
there can be no doubt that it would have becn entirely destroyed. 
The * Field" boiler, as applied to these engines, has, 1n numerous 
competitive trials against Tuelh and American engines, shown 


252 


itself capable of raising steam іп most cases from 3 to 4 minutes, 
and even on some occasions 10 minutes earlier than the boilers 
of competing engines, which is a great advantage in enabling an 
early attack to be made upon а fire. Another feature of these 
engines is that they are entirely free from a defect which sorely 
troubles all engines on the vertical system, viz., the excessive 
friction produced when pumping sandy water; amounting in 
many cases to 60 per cent. of the power of the engines, which 
have been known to work well during their early trials, but to 
decline in duty after a short period. This difficulty is overcome 
in Merryweather's engines by the peculiar construction of the 
pumps which have self-lubricating pistons, and discharge all 
sand and gritty matter through the valves without its passing 
through the barrels of the pumps. 

At the trial on the 27th dt. Shih was considered highly satis- 
factory, the boiler was supplied with cold water; various 
pressures of steam being obtained as follows, viz., 5 lbs. pe 
square inch in 4 minutes from time of lighting the fire; 20 Ibs. 
in 5 minutes 30 seconds; 308. іп 5 minutes 20 seconds; 
40 lbs. in 7 minutes; 6010. in 7 minutes 30 seconds; 80 10. in 
8 minutes; 90 lbs. in 8 minutes 15 seconds; 1 Olbs.in 8 minutes 
30 seccnds. The engine was then started, and in 9 minutes 
from the time of lighting the fire, a strong jet of water 1j inches 
in diameter was issuing from the nozzle, jets of various sizes 
were used, up to 2 inches in diameter, and four streams of 
$ inches diameter were projected. All the jets were thrown to 
great heights and distances, and went with great force well over 
chimney shafts in its vicinity notwithstanding the strong wind. 
The hydraulic pressure was semctimes 140108. per square inch. 

The engine with its suction and delivery boxes, shile working 
remained practically quite free from vibration or oscillation. 

e two steam cylinders of this engine are cach 82 inch 
diameter, and 24 inch stroke ; cach pump barrel being t} inch 
diameter, and having the same stroke as the steam cylinders. 

These trials were witnessed by Captain Wilmott, dock- 

ard superintendent; Mr. Saunders, master shipwright; 
Іт. Simmonds, assistant engincer ; and several other scientific 
men. 


4———— 


THE RESTORATION OF ST. DAVID'S CATHEDRAL. 


THE lower part of the great tower of St. David's Cathedral 
was in danger of falling, and new piers have recently 
been put іп. ‘he tottering condition of the tower needed prompt 
attention, and Mr. Geo. Gi ert Scott was invited to examine and 
report in 1862, upon this magnificent monument of the early 
ecclesiastical architecture of this country. 

Mr. Scott's report was to the effect that the present structure 
was commenced about the year 1180, by Bishop de Leia at the 
exact time when the Romancsque or round arched style was in 
a state of transition into the Pointed Gothic, and at the period 
when architecture was being freed from the barbarism of the 
dark ages. About this time also the church of St. Cross, near 
Winchester, was built, also the eastern portions of Canterbu 
Cathedral, and the present Abbcy of Glastonbury, all of whic 
somewhat resemble St. David's Cathedral in style. The latter 
exhibits much beauty and refinement in its details, especially in 
the carved foliage and ornamental masonry, but it was rather 
backward in the adoption of the pointed arch. The whole of the 
building commenced in 1180 was prepared to be vaulted with 
stone on the “sexpartite” principle, but it is not evident that the 
vaulting was carried out. 

In 1220 the great central tower fell in, severely injuring the 
choir and transept. One side ofthe ruined tower was left stand- 
ing, that of the western arch with its two piers, so three sides of 
the tower with three arches were built up anew. Іп 1248 the 
building was much shaken by an carthquake, rendering much 
reconstruction necessary ; chapels were extensively added, and 
about 13.0, the Lady Chapel was either erected or greatly en- 
larged by Bishop David Martin, who probably carried up the 
tower to within one stage of its present height. Bishop Gower, 
who held the see from 1328 to 1347. had an Susstisble appe- 
tite for building, so he cnlarged and altered much of the 
cathedral, and besides erected the stupendous bishop's palace 
alongside. During his time the rood-sercen was constructed, and 
several heautiful monuments introduced. In the next centu 
Bishop Lloyd made further improvements, added a storey to the 
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ұтса” tower, and reconstructed the gorgeous roof of the nave, 
тот the fifteenth century to the present time the cathedral has 
been falling into a disgraceful state of dceay, inhabited princi- 
pally by the owls and bats, and when Mr. Scott made his 
survey, the walls and pavements were streaming with water. 
As might be expected, the old and new sides of the tower had 
begun to separate in the course of years, so һе found a great 
crack in the masonry caused by the sinking of the western side, 
which also crushed down portions of the nave, and threw most 
of the pillars of the arches out of the perpendicular; in fact tbe 
ruin was in a most melancholy state, and the tower in immediate 
danger of falling. . 

Mr. Scott estimated the necessary expense of the restoration 
at £30,000. Не proposed to follow the ancient style of archi- 
tecture in all respects, во as to retain the ancient features of the 
building in their perfection, to make the tower safe, and to bring 
the edifice into a state of scemliness as а parish church, all that 
would be necessary for the few Cambrians in St. David's likely 
to attend service therein. The work of restoration was then 
divided into four contracts, and the most urgent being that for 
the preservation of the great tower, it was let out first to 
Messrs. Wood & Sons, of Worcester. This contract amounts 
to 211.000, which sum includes the construction of в drain all 
round the cathedral to carry off the water already mentioned, 
taking out the two west piers of the tower and replacing them 
with new on the ancicnt model, restoring the tower and repairing 
and restoring the choir stalls and scats, repairing the organ, and 
repairing thoroughly the castern chancel. 

he work of reparation was commenced about a year and 
a-half ago, by the difficult task of repairing the tower, оп the 
same plan as that adopted a few ycars since in the preservation 
of the tower of the cathedral of Bayeux, in France. The tower 
of St. David’s Cathedral is 124 feet high, 40 fect square exter- 
nally, and weighs more than 4,000 tons. Mr. Clear, the resident 
architect, began by fixing bracing inside and outside the tower, 
and bolting its walls together to make it as much in one piece 
as possible, after which Be screwed the sides of the tower 3 in. 
closer to cach other. The bracing which consisted of massive 
ties of iron, of course took none of the weight of the tower. 
He next constructed some incompressible foundations for 
shoring of the most massive description, the supports con- 
taining, in all, 17,000 cubic feet of timber under the north and 
west arches, and against the two western piers. ‘lhe whole weight 
of the tower rested for a considerable length of time principally 
upon the shoreing upon oak needles passing through the spandrils 
of the arches, wrought-iron girders being placed across the angler. 
The needles were supported by fir logs erected nearly perpen- 
dicularly, each of the logs being composed of nine pieces of 
timber from láin. sanare bolted and framed together. 

While the tower rested on the main shoring, the two western 
piers were gradually rebuilt bencath it, in good cement work 
and in small portions at a time, a movable system of shores being 
used to sustain the work in immediate contact with the parts 
operated upon. The north-west pier was commenced in January 
last, and finished in March, when the south-west pier was com- 
pleted. Jn the course of the restorations relics have been found 
indicating that a Christian place of worship existed on the aite 
of the cathedral before the time of Bishop de Leia, although a 
popular superstition in Pembrokeshire, that St. Раш once land- 
cd at St. David's, was in по way corroborated. — Several graves 
have been necessarily disturbed during the building operation, 
and Mr. Clear says of them, that beneath the dais in front of 
the rood-sereen a grave was discovered, well built with ashlar, 
in three courses, and covered about three parts over with the 
hard roughly hewn local stone. Only earth and a few pieces of 
leather were found in this grave. : 

Another grave close by was built of hewn stone in three 
courses, il a cavity at the east end to fit the head, ve 
similar to those of the eleventh or twelfth centuries, compos 
of a single block of stone. In it were found a human skeleton 
undisturbed, the head of a pastoral staff, the recent rt of the 
handle of the staff, a chalice of thin silver, also в gold ring with 
an amethyst set in it. The роса staff head and portion of 
handle were of copper gilded, delicately chased, and in good 
preservation. It is гоп саше that this ny perhaps be 
the grave of Bishop Richard de Carew, who ed on the lst 
of April, 1280, m was buried, according to Leland, " prope 


altare crucifixi.” 
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RECENT PROGRESS OF SCIENCE.* 


Bv W. В. Своте, F.R.S., 
President, British Association for the Advancement of Science, 1960-07, 


Ir our rude predecessors, who at one time inhabited the 
caverns which surrounded this town, could rise from their 
graves and see it in its present state, it may be doubtful 
whether they would have sufficient knowledge to be surprised. 

The machinery, almost resembling organic beings in delicacy 
of structure, by which you fabricate products of world-wide 
reputation, the powers of matter applied to give motion to that 

inery, are 80 far removed from what must have been the 
conceptions of the semibarbarians to whom I have alluded, that 
they could not look on them with intelligent wonder. 

Yet this immense progress has all been effected step by step, 
now and then a little more sudden than at other times; but, 
viewing the whole course of improvement, it has been gradual, 
though moving in an accelerated ratio. But it is not merely in 
those branches of natural knowledge which tend to improve- 
ments in economical arts and manufactures, that science has 
made great progress. Inthe study of our own planet and the 
organic beings with which it is crowded, and in so much of the 
universe, ав vision, aided by the telescope, has brought within 
the scope of observation, the present century has surpassed any 
antecedent period of equal duration. 

It would be difficult to trace out all the causes which have led 
to the increase of observational and experimental knowledge. 

Among the more thinking portion of mankind the gratification 
felt by the discovery of new truths, the expansion of faculties, 
and extension of the boundaries of knowledge have been doubt- 
less a sufficient inducement to the study of nature; while, to 
the more practical minds, the reality, the certainty, and the 
progressive character of the acquisitions of natural science, and 
the enormously increased means which its applications give, 
have ареной. its importance as а minister to daily wants and 
a contributor to ever-increasing material comforts, luxury, and 

wer. 

Though by no means the only one, yet an important cause of 
the rapid advance of science is the growth of associations for 
promoting the progress either of physical knowledge generally, 
or of special beaches of it. Since the foundation of the Royal 
Society, now more than two centuries ago, a vast number of 
kindred societies have sprung up in this country and in Europe. 
The advantages conferred by these societies are manifold; they 
enable those who are devoted to scientific research, to combine, 
compare, and check their observations, to assist, by the thoughts 
of several minds, the promotion of the inquiry undertaken ; 
they contribute from a joint purse to such efforts as their 
members deem most worthy ; they afford a means of submitting 
to a competent tribunal notices and memoirs, and of obtainin 
for their authors and others, by means of the discussions whic 
ensue, information given by those best informed on the par- 
ticular subject; they enable the author to judge whether it is 
worth his while to pursue the subjects he has brought forward, 
and they defray the expense of printing and publishing such 
researches ав аге thought deserving of it. 

These advantages, and others might be named, pertain to the 
Association, the 36th Meeting of which we are assembled to 
inaugurate; but it has, from its intermittent and peripatetic 
Cbaracter, advantages which belong to none of the societies 
which are fixed as to their locality. 

Among these are the novelty and freshness of an annual 
meeting, which, while it brings together old Members of the 
Association, many of whom only meet on this occasion, always 
adds & quota of new Members, infusing new blood, and varying 
the social character of our meetings. 

The visits of distinguished foreigners, whom we have pre- 
viously known by reputation, is one of the most delightful and 
improving of the results. Тһе wide field of inquiry, and the 
character of communications made to the Association, including 
all branches of natural knowledge, and varying from simple 
notices of an interesting observation or experiment, to the most 
intricate and refined branches of scientific research, is another 
valuable characteristic. 


е [naugursl Address, delivered at the Annual Meeting of the British Association, 
Nottingham, August, 1800. 
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Lastly, perhaps the greatest advantage resulting from the 
annual visits of this great parliament to new localities is that, 
while it imparts fresh local knowledge to the visitors, it leaves 
behind stimulating memories, which rouse into permanent 
activity dormant or timid minds—an effect which, so far from 
ceasing with the visit of the Association, frequently begins when 
that visit terminates. 

Every votary of physical science must be anxious to see it 
recognized by those institutions of the country which can to the 
greatest degree promote its cultivation Mid ean from it the 
greatest benefit. You will probably agree with me that the 
principal educational establishments on the one hand, and on the 
other the Government, in many of its departments, are the 
institutions which may best fulfil these conditions. The more 
early the mind is trained to a pursuit of any kind, the deeper 
and more permanent are the impressions received, and the more 
service can be rendered by the students. 

Little can be achieved in scientific research without an ac- 
quaintance with it in youth; you will rarely find an instance of 
a man who has attained any eminence in science who has not 
commenced its study at a very early period of life. Nothing, 
again, can tend more to the promotion of science than the exer- 
tions of those who have early acquired the ethos resulting from 
a scientific education. I desire to make no complaint of the 
tardiness with which science Баз been received at our publio 
schools and, with some exceptions, at our Universities. ese 
pe establishments have their roots in historical periods, and 

ong time and patient endeavour is requisite before a new branch 
of thought can юра with success оп а stem to which it is 
exotic. Nor should I ever wish to see the study of languages, 
of history, of all those refined associations wish the past Tias 
transmitted to us, neglected ; but there is room for both. It is 
sad to see the number of so-called educated men who, travelling 
by railway, voyaging by steamboat, consulting the almanao for 

e time of sunrise or full-moon, have not the most elementary 
knowledge of a steam-engine, a barometer, or a quadrant; and 
who will listen with a confessed faith to the most idle pre- 
dictions as to weather or cometic influences, while they are in a 
state of crass ignorance as to the cause of the trade-winds or the 
form of a comet's path. May we hope that the slight infiltration 
of scientific studies, now happily commenced, will extend till it 
occupies its fair space in the education of the young, and that 
those who may be able learnedly to discourse on the Eolie 
digamma will not be ashamed of knowing the principles of an 
air-pump, an electrical machine, or a telescope, and will not, as 
Bacon complained of his contemporaries, despise such knowledge 
as something mean and mechanical. 

To assert that the great departments of Government should 
encourage parna science may appear в truism, and yet it is 
but of late that it has been seriously done; now, the habit of 
consulting men of science on important questions of national 
interest is becoming a recognized practice, and in a time, which 
may seem long to individuals, but is short in the history of a 
nation, a more definite sphere of usefulness for national purposes 
will, I have no doubt, be provided for those duly qualified men 
who may be content to give up the more tempting study of 
abstract science for that of its peua я In this 
respect the Report of the Kew Committee for this year affords 
a subject of i jai este to those whom I have the honour to 
address. The Kew Observatory, the petted child of the British ` 
Association, may possibly become an important national establish- 
ment; and if so, while it will not, I trust, lose its character of a 
home for untrammelled physical research, it will have super- 
added the Meteorological. Department of the Board-of Trade 
with a staff of skilful and experienced observers. 

This is one of the results which the general growth of science, 
and the labours of this Association in particular, have produced ;. 
but I do not propose on this occasion to recapitulate the special 
objects attained by the Association, this has been amply done by 
several of my predecessors; nor shall I confine my address to 
the progress made in physical science since the time when my 
most able and csteemed friend and predecessor addressed you 
at Birmingham. In the various reports and communications 
which will be read at your Sections, details of every step which 
has been made in science since our last Meeting will be brought 
to your notice, and I have no doubt fully and freely diseussed. 

purpose to submit to you certain views of what has within 
& comparatively recent period been accomplished by science, 
what һауе been the steps leading to the attained results, and 
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what, as far as we may fairly form an opinion, is the general 
character pervadin Рекс До discovery. 

It seems to me that the object шардан іп view would be more 
nearly approached, by each President, chosen as they are in 
succession as representing different branches of science, giving 
on these occasions either an account of the progress of the par- 
ticular branch of science he has cultivated, when that is not of a 
very limited and special character, or enouncing his own view of 
the general progress of science ; and though this will necessarily 
involve muc t belongs to recent years, the confining в 
President to a mere résumé of what has taken place since our 
last Meeting would, I venture with diffidence to think, limit his 
means of usefulness, and render his discourse rather an annual 
register than an instructive essay. 

need not dwell on the common-place but yet important topics 
of the material advantages resulting from the application of 
science; I will address myself to what, in my humble judgment, 
are the lessons we have learned and the probable prospects of 
improved natural knowledge. 
ne word will give you the key to what I am about to dis- 
course on; that word 18 continuity, no new word, and used in по 
uew sense, but perhaps applied more generally than it has 
hitherto been. e shall see, unless I am much mistaken, that 
the development of observational, experimental, and even de- 
ductive knowledge is either attained by steps so extremely small 
as to form really a continuous ascent : or, when distinct results 
apparently separate from any co-ordinate phenomena have been 
attained, that then, by the subsequent progress of science, inter- 
mediate links have been discovered uniting the apparently 
ая instances with other more familiar phenomena. 
us the more we investigate, the more we End that in exist- 
ing phenomena graduation from the like to the seemingly unlike 
prevails, and in the changes which take place in time, gradual 
Progress is, and apparently must be, the course of nature. 

Let me now endeavour to apply this view to the recent pro- 
gress of some of the more prominent branches of science. 

In Astronomy, from the time when the earth was considered 
а flat plain bounded by a flat ocean, —when the sun, moon, and 
stars were regarded as lanterns to illuminate this plain,—each 
suscessive discovery has brought with it similitudes and analogies 
between this earth and many of the objects of the universe with 
which our senses, aided by instruments, have made us acquainted. 
I pass, of course, over those discoveries which have established 
the Copernican system as applied to our sun, its attendant 
planets, and their satellites. The proofs, however, that gravita- 
tion is not confined to our solar system, but pervades the uni- 
verse, have received many confirmations by the labours of 
Members of this Association; I may name those who have held 
the office of President, Lord Rosse, Lord Wrottesley, and Sir 
J. Herschel, the two latter having devoted special attention to 
the orbits of double stars, the former to those probably more 
recent systems called nebulm. Double stars seem to be orbs 
analogous to our own sun and revolving round their common 
centre of gravity in a conic section curve, as do the planets with 
which we аге more intimately acquainted; but the nebula 
present more difficulty, and some doubt has been expressed 
whether gravitation, such as we consider it, acts with those 
bodies (at least those exhibiting a spiral form), as it does with 
us; possibly some other modifying influence шау exist, our 

resent ignorance of which gives rise to the apparent difficulty. 
ere is, however, another class of observations quite recent іп 
its importance, and which has formed a special subject of con- 
tribution to the про and Transactions of this Association ; I 
allude to those on Meteorites, at which our lamented Member, 
and to many of us our valued friend, Prof. Baden Powell 
assiduously laboured, for investigations into which a Committee 
of this Association is formed, and a series of star-charts fcr 
enabling observers of shooting-stars to record their observations, 
was laid before the last Meeting of the Association by 
Mr. Glaisher. 

It would occupy too much of your time to detail the efforts of 
Bessel, Schwinke, the late Sir J sTubbock and others, as applied 
to the formation of star-charts for aiding the observation of 
meteorites which Mr. Alexander Herschel, Mr. Brayley, 
Mr. Sorby, and others are now studying. 

Dr. Olmstead explained the appearance of a point from which 
the lines of flight of meteors seem to radiate, as being the 
perspeetive vanishing point of their parallel or nearly parallel 
courses appearing to an observer on the earth as it approaches 
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them. The uniformity of position of these radiant points, the 
many corroborative observations on the direction, the distances, 
and the velocities of these bodies, the circumstance that their 
paths intersect the earth’s orbit at certain definite periods, and 
the total failure of all other theories which have been advanced, 
while there is no substantial objection to this, afford evidence 
almost amounting to proof that these are cosmical bodies ш 
in the interplanetary space by gravitation round the sun, 
some perhaps round planets. ‘This view gives us а new element 
of continuity. The universe would thus appear not to have the 
extent of empty space formerly attributed to it, but to be studded 
between the ест more Visible masses with smaller planets, 
if the term be permitted to be applied to meteorites. 
Observations are now made at the periods at which meteors 
appear in greatest numbers—at Greenwich by Mr. Glaisher, at 
ambridge by Prof. Adams, and at Hawkhurst by Mr. Alexander 
Herschel—and every preparation is made to secure as much 
accuracy as can, in the present state of knowledge, be secured 
for such observations. 3 р 
The number of known asteroids, or bodies of а smaller size 
than what are termed the ancient planets, Баз been so increased 
by numerous discoveries, that instead of seven we now count 
eighty-eight as the number of recognized planets—a field of 
discovery with which the name of Hind will be ever associated. 
If we add these, the smallest of which is only three or four 
miles in diameter, indeed cannot be accurately measured, and if 
we were to apply the same scrutiny to other ура of Ше heavens 
as has been applied to the zone between Mars and Jupiter, it 
is no far-fetched speculation to suppose that between these 
asteroids and the meteorites, bodies of intermediate size exist 
until the space occupied by our solar system becomes filled a 
with planetary bodies varying in size from that of Jupiter (1 
times larger in volume than the earth), to that of a cannon-ball 
or even a pistol-bullet. . р 
The researches of Leverrier on the intra-mercurial planets 
come in aid of these views; and another uns шу тау, арі 
not improbably will, enable us to ascertain that (һе now seem- 
ingly Е ры spaces аге occupied by smaller bodies 
which have hitherto escaped observation, Just as the asteroids 
had until the time of Olbers and Piazzi. But the evidence of 
continuity as pervading the universe does not stop at telescopic 
observation ; chemistry and physical optics bring us new proofs. 
Those meteoric bodies which have from time to time come so 
far within reach of the earth’s attraction as to fall upon its sur- 
face, give on analysis metals and oxides similar to those which 
belong to the structure of А ех ne i travellers 
bri specimens of minerals from extra-terrestrial regions. 
Ind series of papers recently communicated to the French 
Academy, M. Daubrée has discussed the chemical and mineral- 
ogical character of meteorites аз compared with the rocks of the 
earth. Не finds that the similarity of terrestrial rocks to 
meteorites increases as we penetrate deeper into the earth's 
crust, and that some of the deep-seated minerals have & com- 
osition and characteristics almost identical with meteorites 
бизе. herzolite and serpentine, for instance, closely resemble 
them]; that as we approach the surface, rocks having similar 
components with meteorites are found, but in a state of oxida- 
tion, which necessarily much modifies their mineral А 
and which, by involving secondary oxygenized compounds, must 
also change their chemical constitution. By experiments he has 
succeeded in forming from terrestrial rocks substances ‘bough 
much resembling meteorites. Thus close relationship, 
by no means identity, is established between this earth and 
those wanderers Tom remot regions, some evidence, though at 
resent incomplete, of a common origin. Қ 
j Surprise han often been expressed that, while the mean specific 
gravity of this globe is from five to six times that of water, the 
mean specific gravity of its crust is barely half as great. It has 
long seemed to me that there is no ground for wonder here. 
The exterior of our planet is to a considerable depth oxidated ; 
the interior is in all probability free from oxygen, and whatever 
bodies exist there are in в reduced or deoxidated state, if во, 
their specific gravity must poser isl be higher than that of 
their oxides or chlorides, &c.: we find, moreover, that some of 
the deep seated minerals have a higher specific gravity than the 
average of о, оп на surface 5 pine, ee instance, has es 
specific gravity of 8:3. ere is therefore no à priors impro 
tility Ше the mesa specific gravity of the earth should notably 
exceed that of its surface ; and if we go further and suppose the 
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interior of theearth to be formed of the same ingredients as the 
exterior, minus oxygen, chlorine, bromine, &c., a specific gravity 
of 5 to 6 would not be an unhkely one. Many of the elementary 
bodies entering largely into the formation of the earth's crust 
are as light or lighter than water,—for instance, potassium, 
sodium, &c.; others, such as sulphur, silicon, aluminium, have 
from two to three times its specific gravity ; others, again, as 
iron, copper, zinc, tin, seven to nine times; while others, lead, 

ld, a: tinum, &c., are much more dense,—but, speaking 
generally, the more dense are the least numerous. There seems 
no improbability in a mixture of such substances producing & 
mean specific gravity of from 5 to 6, although it by no means 
follows, indeed the probability is rather the other way, that the 
proportions of the substances in the interior of the earth are 
the same as on the exterior. It might be worth the labour to 
ascertain the mean specific gravity of all the known minerals on 
the earth's surface, averaging them in the ratios in which, as far 
as our knowledge goes, they quantitatively exist, and assuming 
them to exist without the oxygen, chlorine, &c., with which they 
are, with some rare exceptions, invariably combined on the sur- 
face of the earth: great assistance to the knowledge of the pe 
bable constitution of the earth might be derived from such an 
investigation. 

While chemistry, analytic and synthetic, thus aids us in 
ascertaining the relationship of our planet to meteorites, its 
relation in composition to other planets, to the sun, and to more 
distant suns and systems is aided by another science, viz. optics. 

That light passing from one transparent medium to another 
should carry with it evidence of the source from which it 
emanates, would, until lately, have seemed an extravagant sup- 

ition; but probably (could we read it), everything contains 
in itself a large portion of its own history. 

I need not detail to you the discoveries of Kirchhoff, Bunsen, 
Miller, Huggins, and others, they have been dilated on by my 

redecessor. Assuming that spectrum analysis is a reliable in- 

ication of the presence of given substances by the position of 
transverse bright lines exhibited when they аге burnt and of 
transverse dark lines when light is transmitted through their 
vapours, though Plücker has shown that with some substances 
these lines vary with temperature, the point of importance in 
the view І am presenting to you is, that while what may be 
called comparatively neighbouring cosmical bodies exhibit lines 
identical with many of tiese shown by the components of this 
planet, as we proceed to the more distant appearances of the 
nebule we get but one or two of such lines, and we get but one 
or two new bands not yet identified with any known to be pro- 
duced by substances on this globe. 

Within the last year Mr. Huggins has added to his former 
researches observations on the spectrum of a comet (comet 1 of 
1866), the nucleus of which shows but one bright line, while the 
spectrum formed by the light of the coma is continuous, seeming 
to show that the nucleus is gaseous while the coma would con- 
sist of matter ща state of minute division shining by reflected 
light: whether this be solid, liquid, or gaseous is doubtful, but 
the author thinks it is in a condition analogous to that of fog or 
eloud. The position in the spectrum of the bright line furnished 
by the nucleus is the same as that of nitrogen, which also is 

wn in some of the nebula. 

But the most remarkable achievement by spectrum analysis 
is the record of observations on a temporary star which has 
shone forth this year in the constellation of the northern crown 
about a degree S.E. of the star в. When it was first seen, 
May 12th, it was nearly equal in о a star of the 
second терісінен when observed by . Huggins and 
Dr. Miller, May 16th, it was reduced to the third or fourth 
magnitude. Examined by these observers with the spectroscope, 
it gave a spectrum which they state unlike that of any celestial 

they examined. 

The light was compound and had emanated from two different 
sources. Опе sceptrum waa analogous to that of the sun, viz., 
formed by thelight of &n incandescent solid or liquid photo- 
sphere which suffered absorption by the vapours of an enve- 
lope cooler than itself. The second spectrum consisted of a few 
bnght lines, which indicated that the light by which it was 
formed was emitted by matter in the state of luminous gas. 
They consider that, from the position of two of the bright lines, 
the gas must be торап! hydrogen, and from their brilliancy 
compared with the light of the photosphere the gas must have 
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been at a very high temperature. They imagine the phenomena 
to result from the burning of hydrogen with some other element, 
and that from the resulting temperature the photosphere is 
heated to incandescence. 

There is strong reason to believe that this star is one pre- 
viously seen by Argelander and Sir J. Herschel, and that it is 
8 variable star of long or irregular period; it is also notable 
that some of its spectrum lines correspond with those of several 
variable stars. e time of its appearance was too short for 
any attempt to ascertain its ; it would have been im- 
portant if it could even have been established that it is not a 
near neighbour, as the magnitude of such a phenomenon must 
depend upon its distance. I forbear to add any speculations as 
to the cause of this most singular phenomenon ; however imper- 
fect the knowledge given us by these observations, it is а great 
triumph to have caught this fleeting object, and obtained 
permanent records for the use of future observers. 

It would seem as if the phenomenon of gradual change ob- 
tained towards the remotest objects with which we are at present 
acquainted, and that the further we penetrate into space the 
more unlike to those we are acquainted with become the objecta 
of our examination,—sun, planets, meteorites, earth similarl 
though not indentically constituted, stars differing from ево 
other and from our system, and nebulw more remote in space 
and differing more in their characters and constitution. 

While we thus can to some extent investigate the physical 
constitution of the most remote visible substances, may we not 
hope that some further insight as to the constitution of the 
nearest, viz., our own satellite, may be given us by the class of 
researches? Тһе question whether the moon possesses any 
atmosphere may still be regarded as unsolved. If there be any, 
it must be exceedingly s in quantity and highly attenuated 
Calculations, made from occultations of stars, on the apparent 
differences of the semidiameter of the bright and dark moon 
give an amount of difference which might indicate a minute 
atmosphere, but which Mr. Airy attributes to irradiation. 

Supposing the moon to be constituted of similar materials to 
the earth, it must be, to say the least, doubtful whether there 
is oxygen enough to oxidate the metals of which she is composed; 
and if not, the surface which we see must be metallic, or nearly 
so. The appearance of her craters is not unlike that seen on 
the surface of some metals, such as bismuth, or, according to 
Professor Phillips, silver, when cooling from fusion and just 
previous to solidifying; and it might be a fair subject of in- 
quiry whether, if there be any coating of oxide on the surface, 
it may not be so thin as not to disguise the form of the con- 
gealed metallic masses, as they may have set in cooling from 
ingeous fusion. М. Chacornac’s recent observations lead him 
to suppose that many of the lunar craters were the result of a 
single explosion,- which raised the surface as a bubble and 
deposited its débris around the orifice of eruption. 

e eruptions on the surface of the moon clearly did not take 
place at one period only, for at many parts of the disk craters 
may be seen encroaching on and disfiguring more ancient craters, 
sometimes to the extent of three or four successive displace- 
ments: two important questions might, it seems to me, be 
solved by an attentive examination of such portions of the moon. 
By observing carefully with the most pee telescope the 
character of the ridges thus successively formed, the successive 
states of the lunar surface at different epochs might be eluci- 
dated; and secondly, as on the earth we should look for actual 
voleanic action at those points where recent eruptions have 
taken place, so on the moon the more recently active points 
being ascertained by the suocessive displacement of anterior 
formations, it is these points which should be examined for 
existing disruptive disturbances. Metius and Fabricius might 
be cited as points of this character, having been found by 
M. Chacornac to present successive displacements and to be 
perforated by numerous channels or cavities. М. Chacornac 
considers that the seas, as they are called, or smoother portions 
ofthe lunar surface have at some time made inroads on ante- 
riorly formed craters; if so, а large portion of the surface of 
the moon must have been in a ned liquid, semiliquid, or 
alluvial state long after the solidifying of othcr portions of it. 
It would be difficult to suppose that this state was one of igneous 
fusion, for this could hardly exist over a large part of the surface 
without melting up the remaining parts; on the other hand, 
the total absence of any signs of water, and of any, if any, only 
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the most attenuated, atmosphere, would make it equally difficult ` 


to account for a large diluvial formation. 

Some substances, like mercury on this planet, might have 
remained liquid after others had solidified ; p the problem is 
one which needs more examination and study before any positive 
opinion can be pronounced. 

cannot pass from the subject of lunar physies without 
recording the obligation we are under to our late President for 
his most valuable observations and for his exertion in organizing 
& band of observers devoted to the examination of this our 
nearest celestial neighbour, and to Mr. Nasmyth and Mr. 
De la Rue for their important graphical and photographical 
contributions to this subject. Tho granular character of the 
sun's surface observed by Mr. Nasmyth іп 1860 is also а 
discovery which ought not to be passed over in silence. 

Before quitting the subject of Astronomy I cannot avoid ех- 
pressing a feeling of disappointment that the achromatic telescope, 
which has rendered such notable service to this science, still 
retains in practice the great defect which was known a century 
ago at the time of Hall and Dollond, namely, the inacu of 
definition arising from what was termed the irrationality of the 
spectrum, or the incommensurate divisions of the spectra formed 
by flint and crown glass. 

The beautiful results obtained by Blair have remained inope- 
rative from the circumstance that evaporable liquids being 
employed between the lenses, a want of permanent uniformity 
in the instrument was experienced; and notwithstanding the 
high hp. aed of perfection to which the griding and polishing 
object-glasses has been brought by Clarke, Cooke, and Mertz, 
notwithstanding the greatly improved instrumental manufacture, 
the defect to which I have adverted remains unremedied and an 
eyesore to the observer with the refracting telescope. 

We have now a large variety of different kinds of glass formed 
from different metallic oxides. A list of many such was given 


by M. Jacquelain a few years back; the last specimen which I 
have seen is a heavy highly refracting glass formed from the 
metal thallium by M. Lamy. Among all these could no two or 


three be selected which, having appropriate refracting and dis- 
persing powers, would have the coloured spaces of their 
respective spectra if not absolutely in the same proportions, at 
all events much more nearly so than those of flint and crown 
glass? Could not, again, oily or resinous substances having 
much action on the green or middle colour of the spectrum, 
such as castor oil, canada balsam, &c., be made use of in com- 
bination with glass lenscs to reduce if not annihilate this signal 
defect? This is not а problem to the solution of which there 
seems any insuperable difficulty; the reason why it has not 
been solved is, I incline to think, that the great practical 
opticians have no time at their disposal to devote to long ten- 
tative experiments and calculations, and on the other hand the 
theoretic opticians have not the machinery and the skill in 
manipulation requisite to give the appropriate degree of 
excellence to the materials with which they experiment ; yet the 
result is worth labouring for, as, could the defect be remedied, 
the refracting telescope would make nearly as great an advance 
upon its present state as the achromatic did on the single lens 
refractor. 

While gravitation, physical constitution, and chemical analysis 
by the spectrum show us that matter has similar characteristics 
in other worlds than our own, when we pass to the consideration 
of those other attributes of matter which were at one time 
Bs ge to be peculiar kinds of matter itself, or, as they were 

ed, imponderables, but which are now generally, if not 
universally, recognized as forces or modes or motion, we find 
: the evidence of continuity still stronger. 

When all that was known of magnetism was that a piece of 
steel rubbed against a particular mineral had the power of 
attracting iron, and, if freely suspended, of arranging itself 
nearly in a line with the aba meridian, it seemed an excep- 
tional phenomenon. When it was observed that amber, if 
rubbed, had the temporary power of attracting light bodies, this 
also seemed something peculiar and anomalous. at are now 
Magnetism and electricity Р forces so universal, so apparentl 
connected with matter as to become two of its invariable 
attributes, and that to speak of matter not being capable of 
being affected by these forces would seem almost as’ extravagant 
as to speak of matter not being affected by gravitation. 

So with light, heat, and chemical affinity, not merely is every 
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form of matter with which we are acquainted capable of mani- 
festing all these modes of force, but so-called matter supposed 
incapable of such manifestations would to most minds cease to 
be matter. 

Further than this it seems to me (though, as I have taken an 
active part for many years, now dating from в quarter of a 
century, in promoting this view, I шау not be'considered an 
impartial judge) that it is now proved that all these forces are so 
invariably connected inter se and with motion as to be regarded 
as modifications of each other, and as resolving themselves ob- 
jectively into motion, and subjectively into that something 
which produce or resists motion, and which we call force. 


(To be concluded in our пегі.) 
—Ф— 


THE INTERCOLONIAL EXHIBITION OF 
AUSTRALASIA. 


Тне site fixed upon for the building in which the above 
exhibition will be held, is situated at the rear of the Public 
Library at Melbourne, and will no doubt be found a convenient 
position on account of its proximity to the more central parts 
of the city. The building like most of those in which exhibitions 
are held will be of a comparatively temporary nature, but some 
portions which are being constructed of greater solidity than 
the rest, are intended eventually to form part of proposed 
extensions of the present library. 

The total amount of apace to be provided is about 35,000 ка- 

rficial feet, about one half of which is already applied for, and 
16 is anticipated that the building will be completed and the 
exhibition opened by about the llth October next. The 
building will consist of a central circular hall, a great hall, and 
two wings or annexes, beside опе or two smaller apartments. 
The central or circular hall is 75 feet in diameter, and 50 feet 
high; it will form a vestibule or entrance hall to the rest of the 
building, and will be made available for the display of articles 
of an artistic nature. On each side of it there will be an open 
space about 75 feet square; one of these wil be used for 
exhibiting such articles as are not liable to be damaged by ех- 
posure to weather; while in the other there will be held & 
series of flower shows. Immediately behind the central hall is 
the great hall, 220 feet by 84 feet, consisting of a central nave 
surmounted by a semicircular roof 50 feet high, and two side 
aisles each of which will be 15 feet high. It will be D egi by 
means of clestory windows. The two wings will about 
170 feet long by 28 feet wide; one will be used as a picture 

allery, and in the other will be placed the machinery in motion. 
Е this latter there will also be exhibited several manufacturing 
processes including pottery, iron founding, quartz crushing, gas 
making, &c. The whole cost of the building will be about 
£25,000, of which not more than about £3,000 will be expended 
on purely temporary work. The architects are Messrs. Reed 
d Barnes, of Melbourne, and the contractors Messrs. Cun- 
ningham and Hilton. 


-----Ф----- 


Ancient Mining.—Interesting discoveries have lately been 
made in the San Domingo mines of Spain, поише the methods 
of mining adopted by the ancients. some of the mines the 
Romans dug draining galleries nearly three miles in length, but 
in others the water was raised by wheels to carry it over the 
rocks that crossed the drift. ight of these wheels have 
recently been discovered by the miners who are now working in 
the same old mines. The wheels are made of wood, the arms 
and felloes of pine, and the axle and its support of oak, the 
fabric being remarkable for the lightness of its construction. 
It is supposed that these wheels cannot be less than fifteen 
hundred years old, and the wood is in a perfect state of preser- 
vation, owing to its immersion in water charged with the ва а 
of copper and iron. From their position and construction the 
wheels are supposed to have been worked as tread-mills, by 
men standing with naked feet upon one side. The water was 
raised by one wheel into a basin, from which it was raised to 
another stage by the second wheel, and so on for eight stages. 


September 1, 1868) 


THE HYDRAULIC LIFT GRAVING DOCK.* 
By EpwiN Crarx, M. Inst. С.Е. 
(Continued /ют page 242.) 


_ Mr. Edwin Clark remarked, that his object was to court the fullest 
discussion on the subject of these docke, and with that view, he had 
endeavoured to make the paper as comprehensive іп its details as he 
could. He took this opportunity of expressing his obligations to those 
gentlemen who had assisted him in bringing these docks to their present 
state (more especially Mr. Bidder and the late Mr. Robert Stephonson), 
not only in the designs, but also in the financial part of the undertaking, 
by taking upon themselves personally a large share of the first outlay. 
He had also to thank Mr. John Heppel for the very ingenious sug- 
gestion, which had been described, of arranging the presses in threo 
groups, instead of in the mode originally intended. Mr. Clark expressed 
his readiness to elucidate any point upon which further information 
was desired. 

Mr. Abernethy inquired whether the statement of cost included all 
the necessary excavation in connection with the lift, in fact all the 
preparations for receiving the machinery. Some information on that 
point was necessaty, to enable а comparison to be made of the cost of 
this dock, with that of graving docks of the ordinary description. It 
was stated, that the cost of the operation of lifting was about £3 per 
vessel. Не presumed that was the average price. 

Mr. Clark replied, that the cost of the excavations had not been given. 
Obviously the excavations for receiving the pontoons, if any were 
required, would form a considerable item in the cost of the work. In some 

laces, however, the whole work consisted simply of sinking columna. 

ut he would before the close of the discussion, give this information in 
detail. The cost of lifting named was ап average for all the vessels lifted. 
Mr. Charles Capper, having had opportunities of seeing a great deal of 
the operations of this dock, was satisfied that, as a mechanical oon- 
trivance, it was perfect. Тһе commercial success of the undertaking 
was, however, the question which came more within his own province; 
for however successful it might be as a mechanical contrivance, if it 
were not commercially successful it would be of no use. The Author 
had described the circumstances under which this dock was a com- 
mercial failure, in the first instance. It was assumed, incorrectly, that 
the mere charge for lifting the ships, and the rental for the use of the 
pontoons would be sufficient to pay a renumerative return upon the 
outlay. There were about twenty-seven docks on both sides of the 
river, the proprietors of which docks were repairers of ships, as well as 
dock owners, and it was to their interest to sink the charge for the use 
of the docks in order to get the repairs of the vessels. This Company 
having at first no mechanical appliances for repairs, and being subject to 
the competition referred to, the commercial failure of the project would 
be readily conceived. It did not matter where dry доска were situated 
in this country, whether on the Tyne, or at Southampton; the system 
of charges for merely docking and undocking, and for the use of the 
docks, would not pay. The Tyne dry docks did not pay more than 24 
per cent. if the profits were reckoned hy these charges only; and the 
docks at Southampton only yielded a similar return, viz., 2% per cent. 
upon the £166,000 of outlay. It was obvious that, to make these docks, 
or any ordinary graving docks, successful speculations, the proprietors 
must, to a certain extent, go into the business of repairing the ships. 
If they did that, as was the case in this instance, they would turn a loss 
into a respectable profit. The last year before the Thames Graving 
Dock Company undertook repairs, the loss upon this dock was about 
£4,000, but since the repairing had been superadded, although it had 
only Бесп as yet perfectly carried on for nine montha, a profit had been 
realized of between £11,000 and £12,000 per annum, which of course 
made a very material difference in its commercial character. This dock 
experienced another drawback. Being the first of the kind on the 
Thames, many modifications were required to adapt it to the peculiar 
requirements of the port. These were all additional expenses, of course, 
as usual, charged to capital; and when reventíe had to ра upon capital 
employed in making experiments, it affected the result. He was bound 
to бау, that the undertaking was now approaching that state in which 
he wished to sce it; and he believed before long it would be one of а 
highly renumerative character. 

г. P. Hedger endorsed all that had been said as to the unremune- 
rative character of the docks at Southampton, the return being not more 
than 24 рег cent, or 3 per cent. upon the outlay. The repairing of 
ships furmed no part of the business there. At Southampton there 
were threo dry docks, one of which could accommodate any ship yet 
built, exoept the “ Great Eastern.” 

Mr. A. Giles said, the paper contained much that was interesting, and 
the mechanical arrangements of this dock were no doubt of the most 
admirable and perfect character; but he thought the ordinary graving 
docks had been undeservedly condemned. Before the advantages of 
this dock could be compared with those of ordinary graving docks, it 
was necessary to be informed what had been the total cost of the 
existing works. 

Mr. J. Soott Russell, V.P., thought additional information was 
required to enable a comparison to be made between this system and 


* Bead before the Institution of Civil Engineers. 


THE CIVIL ENGINEER AND ARCHITECT’S JOURNAL. 


е 


257 


that of a floating dock to be filled with water by a steam engine, and 
emptied of water by the eame means; and especially was information 
required in order to form an approximate estimate of the comparative 
cost of the system under discussion, and that of simply filling and 
emptying the tanks in the floating dock, which acoomplished all that 
was done by the hydraulic apparatus. Ho yielded to no one in 
admiration of the ingenuity and ability displayed in the whole of this 
apparatus, but he thought there wasa difficulty in comparing it fairly 
with stone docks. Information was also needed as to the advantages 
and disadvantages of having a vessel which has “ hogged,” or out of 
shape, placed upon an elastic pontoon which would yield to its distortion, 
or of placing it on a rigid pontoon which would not yield to its 
distortion, but which would compel it to come back to the straight line 
on which it was originally built, and which it was very desirable it 
should come back to, before it was repaired. 

Mr. Edwin Clark stated, that the coat of the excavations for the lift 
pit proper was £2,000, the contract being let at 18. percubic yard. The 
cost of the whole of the excavation, including the lift pit and the deep 
channel leading from the lift pit to the Victoria Dock basin on the one 
hand, and to the shallow water used forthe pontoons on the other hand, 
amounted to £3,693. The lining of the dook with concrete and 
Masonry was executed at a cost of £4,473; and tho timber platform all 
round the dock was provided at а cost of £4,618. The prae d upon the 
coffer-dram in the dock was £6,543. In addition to this the engine- 
houso and valve-house were elected at а cost of $2,200, making the 
total cost in connection with the lifting apparatus, £21,427. 

Sir Charles Fox thought the term “power,” ав applied in the para- 

ph of the paper which stated “That power, when required, is 
increased by cutting off one or more of the pumps,” was an erroneous 
use of that word. The word ‘* Ѓогсе’' would more correctly convey the 
notion of the Author, inasmuch as no reduction in the number of the 
pumps could affect the power of the prime mover, in this case, a steam- 
engine of 50 Н.Р. The only result of cutting off pumps would be, to 
let the whole of the above power be expended upon a smaller number of 
pumps, and consequently to increase the pressure in the cylinders in 
work, and so to spread the operation of lifting over a longer period of 
time, but in no way could the power be interfered with by that operation. 
It was stated in the paper, that the rams were each 10 inches in 
diameter, having, of course, ап area of 100 circular inches: that their 
lifting capacity being 2 tons per cirenlar inch, was therefore (lesa the 
weight of the ram) 200 tons each. It was further stated that these 
таша had been proved, to the extent of 2} tons only per circular inch. 
Now it seemed to him, that if some of these pumps were thrown out of 
work, and the pressure thereby inoreased in the cylinders still in 
operation, thelimit of half a ton for proof was far too little. It was 
known, that the Board of Trade in dealing with а bar, which was con- 
sidered to be capable of carrying, as a minimum, 20 tone, would not 
permit it to be loaded to more than 6 tons; but then that rule was 
applied to structures which where exposed to many trying circumstances 
and influences, such as corrosion, vibration, &o., and therefore, though 
he did not think the proof of hydraulic presses need he anything like 
that of double the sctual pressure employed, «ӨШ it should not be less 
than 60 per cent. more. He should not be satisfied with exerting a 
Pressure of 2 tons per circular inch, unleas he had proved the preas to 
about 3 tons; and, if it were his intention to increase the pressure in 
any individual cylinder beyond the 2 tons, he would prove that 
cylinder to at least 8 tons and perhaps 4 (опа. After a very long 
experience in the use of hydraulic presses, he had arrived at the con- 
olusion, that a pressure of 2 tons per circular inch was the one practically 
the most desirable, and with that as a maximum, he would not feel 
comfortable with a press proved to less than 3 tons; and if any real 
&dvantage was to be obtained by cutting off any of the pumps, the 
presses ought to be proved to the extent of 4 tons; and, therefore, this 
operation of cutting off pumps could not be performed, with safety, with 
a proof of only half a ton beyond the ordinary working pressure of 
2 tons in the cylinders. Ав to the commercial element of the Hydraulio 
Lift Graving Dock, compared with the old form of dry or graving docks, 
he thought the -statements contained in the paper failed to carry cone 
viction in its favour to the minds of those who would take the trouble 
of making а careful comparison between the two. It was admitted, 
that in consequence of the competition of dry docks in the Thames, it 
was not till abont nine months ago, when the Company took upon them- 
selves the additional business of repairing vessels, one open to but little 
oompetition, that the plan ceased to be attended with considerable loss, 
Up to that period the revenue account of the Company showed a debt of 
£4,000 against the working of the hydraulic lifting apparatus, and it 
was only hy the Company having embarked in the new business of ship 
repairers that its pecuniary position was improved—not by the use of 
this lift, but by the profits of their new avooation; while the dry or 
graving docks at Southampton, where ships were not repaired, paid a 
return of 3 per cent. upon the capital embarked in them. The con- 
clusion at which he had therefore arrived was, that this description of 
dock per se had hitherto failed to show satisfactory commercial resulta. 

Mr. F. J. Bramwell would, in the first instance, add a few words on 
the history of floating-docks. This history had been touched on hy the 
Author, but he had not carried it back to the earliest times. Mr. Bram- 
well found it recorded that, іп 1786, one Watson, a shipwright on the 
Thames, constructed a wooden floating-dock in which a large veesel called 
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the “Мегсагу ” was repaired. In this construction of floating-dock there 
was an end-gate, which was lowered to admit of the vessel entering, and 
the gate being afterwards raised, the water was pumped out of the dock. 
Mention was віко made, іп 1776, of one Aldersley having constructed 
“а large portable dock in which to float vessels.” 

As regarded the more modern history of flosting-docks, the Author 
had alluded to the box dock and tho sectional dock, both of which had 
been used in America; but he had omitted to mention a dock that was 
used in that country prior to either of the other two docks; and Mr. 
Bramwell was somewhat surprised at this, as, іп its modified construction, 
it appeared to him to be one that ought to have found favour with those 
who advocated the raising of vessels by hydraulic ргевзез. He alluded 
to the dock which, from its original construction, was known in tho 
United States as the Screw Dock, but which was afterwards worked by 
hydraulic power. Не had placed on the wall a rough drawing, showing 
this dock ав thus constructed with hydraulic power. It would be scen 
that it consisted of two parallel rows of piling placed at right angles to 
the shore; these rows of piling being wide enough apart, sufficiently 
roomy, and in a sufficient depth of water to take in between them the 
largest ships tho dock was competent to lift. The piles in each row were 
connected at the tops by timbers, on which was a gangway. From one 
row of piles to the other there were, at frequent intervals, transverse 
timbers. These timbers were lowered into the water, and the ships to be 
docked brought over them. At each end of each timber there was a 
cbain, by which it was suspended. These chains went upwards, and 
passed over pulleys placed on the frames connecting the heads of the 
piles, and then all the chains on each side were connected to a horizontal 
traction-bar, which was a very etrong wooden bar extending the whole 
length of the dock, and supported on rollers То each traction-bar, there 
was a powerful hydraulic cylinder, and on thia being worked, the traction- 
bar was moved endways, and thereby the whole of the chains attached to 
it were uniformly drawn; and in this manner the presses оп the two sides 
being worked at equal rates, the whole of the beams below the vessel 
were aimultaneously and uniformly raised, lifting the vessel that was 
upon them out of the water. He had всеп that dock when at New 
York in 1853, and he believed it had been in operation for many years 
previously, and with perfect success. It appeared to him to be intcrest- 
ing as regarded the present paper, to the lifting of vessels by means of 
hydraulic presses. 

Having made these few remarks upon some points omitted from the 
history of floating docks and of доске worked by hydraulic power, he 
would now remark on the subjecta mentioned in the paper. He under- 
stood the Author to lay considerable stress оп an advantage possessed by 
the Hyraulic Lift Graving Dock, that tho bilges of the vesscls were 
supported almost immediately upon the keel taking the blocks, and a 
contrast was made between this mode and that practised in ordinary 
dry docks, where until the whole of the water was removed, 80 as to 
admit of the workmen fixing the shores, the bilges remained unsupported. 
He believed with the Author, that this ability to give support to the 
bilge of the vessel at once was an important matter. Ho thought that 
in all cases after the natural support of the water was removed, it 
should be compensated as speedily as possible by some other support. 
But although he entirely agreed with the Author in this view, he 
thought it ought to be clearly understood, tbat that ability to support the 
bilge at once was not a property peculiar to the dock under consideration. 
It would be found that it existed in the New York Screw Dock, to 
which he bad just referred, and it cxisted also in the Sectional Dock. 
The Author, therefore, in availing himself of the system of blocks to, 
support the bilges, had done no more than had been done in previous 
docks, nor than might bo done іп any other дгу-доск; at the same time 
he was glad to find that the Author approved of that which he (Mr. 
Bramwell) believed to be a most useful precaution in the docking of ships 

He would now go to another point which was raised by the Author 
which was this—that, in his judgment, not only was it unnecessary that 
the bed on which a vessel*was received while being docked should be 
rigid, but that it was absolutely undesirablo that it should bo so. Now 
ho must say he entirely dissented from this view. For although at tho 
present day there were many iron ships which were so well built as to 
be efficient girders in themselves, and although even wooden ships were 
now much better trussed and braced than they used to be in days of yore, 
when they were little moro an assemblage of timbers eido by side with- 
out proper trussing and fastening, nevertheless he considered that a 
properly-constructed dock should be one in which any vessel might 
reposo in the certainty of not being called on to rely upon its own 
strength as a girder to compensate for the want of strength in the dock, 
and where, therefore, a ship, however weak in its construction, or how- 
ever old or damaged, might be taken with the assurance it would not 
get out of shape. 

To explain himsclf still further, he might ғау that when he had been 
consulted on the subject of floating docks, he had laid it down as an 

axiom, that the dock, if properly made, ought to possess so much like- 
ness to a stone dock in its rigidity, that if a ship placed in the dock were 
cut into slices, these various sliees ought to retain their relative position 
to one another, although the weights of the various slices would, if of equal 
thickness, be very different. Аз bearing on this point of the difference 
of weigbt per foot run, he wished to call attention to the Author’s mode 
of taking the weight of a ship, which ho had done, аз being, in extreme 
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cases of armour-plated vessels, 20 tons per foot run, ог 6,000 tons for a 
ship 300 feet in length. But Mr. Bramwell objected to the construction 
of а dock being based оп the assumption, that a vessel had an uniform 
weight per foot run. Take the case of a ship 300 feet long, and 
weighing & not unusual weight for that length of 3,000 tons, it would 
be very wrong to assume that that ship weighed 10 tons per foot; 
the fact would probably be, that for each foot run amidships, she would 
weigh about 14 tons, and for each foot at the end only about 7 tons. 
The assumption, on the part of the Author, of uniformity of weight per 
foot run must, he thought, be admitted to be a mistake; and yet, upon 


‚ this theory alone could the practice of a non-rigid bed be admitted, and 


certainly euch an eminentiy non-rigid bed as the Author had put 
forward as his ideal of excellence, viz., a sheet of india rubber large 
enough to securo the vessel. , 

liaving thus endeavoured to explain the reasons why non-rigid Беда 
were bad, he thought he might be allowed to refer to the practice of 
ship-builders, to show that that practice coincided with the principles he 
had been advocating. It would be admitted that in building vessels, 
the greatest possible pains were taken to obtain a thoroughly solid 
bottom for the slip-way whereon they were built ; and it was well known 
that considerable damage had arisen from the ground of a slip-way 
having occassionally yielded in parts. This showed tho importance 
attached by ship-builders to having a rigid bed on which to build a ship. 
It seemed to him that that which required a rigid support while being 
built, required a rigid suppurt while being repaired. Не wished, on this 
point, to be allowed to refer to the very pertinent observation made by 
Mr. Scott Russell, that if a ship got out of shape while afloat, the thing 
wanted in repair was а dock that should bring her back into shape. 
Mr. Bramwell believed ho was correct in saying, that about ten or 
twelve years ago, an impression existed in the mind of an inventor, that 
& rigid bottom to a dock was a bad thing; and he proposed to remedy 
this, by placing on the bottom of а stone dock a number of small 
hydraulic presses, on which the kcel ofa ship was to rest, in lieu of 
resting on tbe ordinary keel blocks. These presses were all to be con- 
nected by pipes, во that tbey might adjust themselves to the preseure of 
the keel. This arrangement was tried in one dock in London; but, as 
might, according to Mr. Dramwell's viewe, have been expected, was 
found to bo injurious to the vessels, and had to bo removed, and the 
rigid system of blocks restored, 

It appeared to him that following upon this reference, to the effect of 
endeavouring to use for keel-bluck hydraulic presses, when coupled up 
into a system, came not improperly the consideration of the operations 
which took place in the IIydraulie Lift Dock, when raising vessels 
by the system of presses nt each side of tho dock, It was quite clear 
that so long as these were all united into one system, there was no 
remedy whatever against the vessel tilting either sideways or endways 
in the act of being lifted, and the Author had given well-merited praise 
to Mr. Heppel, for the suggestion of dividing the preses into three 
distinct groups. No doubt by this arrangement perfect command had 
been obtained over the raising, so far as related to keeping the lift 
horizontal; but this arrangement of grouping did not get over tho fact, 
that the presses at the ends were exerting the same upward force ав 
those in the middle; that was to say. a force representing the average 
load, and that therefore, as a усвзс| was undoubtedly lighter at the ends 
than in the middle, it was lifted by an excess of force at the ends, and a 
deficiency of force in the middle; and the difference between the forces 
employed at the respective parts, and thoso forces actually required there 
to balance the weight of the ship at thoso parts, had either to be taken 
off by the ship itself acting as a girder, or by the strength of the pontoon 
or saucers во acting; and he feared, looking at the want of depth in the 
saucer, that it was upon the ship itself the strain must come; and this 
he looked upon asan undesirable point in the construction of the dock. 

Upon this question of preventing an undue lifting of one press as com- 
pared with another, he would allude to a plan he had prepared for the use 
of hydraulic presses in certain operations in the manufacture of iron, 
where he had introduced а system of wedges, the withdrawal of which 
could be regulated at pleasure, and thereby whatever might be the simple 
powcr of any press, its advance could only be at the rate allowed by the 
controlling wedges. He feared that such an apparatus could not be 
introduced to the presses in the dock without its heing made somewhat 
complex; but, nevertheless, ho called attention to it, as a means by 
which the want of uniformity of load on the presses might be overcome. 

Пе would now say a few words on the subject of floating docks, which 
the Author indicated as proper objects of comparison with his system. 
The Author had referred to the failure of several floating docks, but he 
thought it would be found the failure had been confined to the American 
sectioual dock. То Mr. Bramwell's mind, the failure of these docks was 
clearly to be traced to two defective points in their design, and to their 
having been built of wood. The error in design was, first, the making 
thom in sections unconnected by any girder; secondly, the absence of 
proper water-tight bulkheads. The first error caused the ships to be 
strained, the second produced the liability to turn over while in the act 
of lifting the ships, but nothing was casicr than to diminish to an inaig- 
nificant amount this tendency. As by the introduction of a few water- 
пръв bulkheads the tendency to turn over, caused by any accidental 
inclination of the dock having sent the water contained in it to one aide, 
would be diminished, во as to have no practical importance; the decrease 


September 1, 1968] 


of the tendency would be іп a very rapid ratio, that was to say, it would 
be in the ratio of the square of the number of chambers into which the 
dock was divided by bulkheads; so that a dock divided by three bulk- 
heads into four chambers would only have yyth the tendency to turn 
over, that a dock would have in which there were not any bulkheads. 

He would, in conclusion, say a few words оп a floating dock which 
was now being constructed from his designs for St. Thomas in the West 
Indies; and he begged leave to refer to it, because the Author had said 
in effect that all floating docks were bad and unsafe things. Mr. Bram- 
well could not concur in this opinion, and he thought it would be a 
matter of regret, if a class of docks, which could be used wherever there 
was water enough to float them, and which were wholly independent of 
the nature of the bottom, and might therefore possess peculiar advantages 
in certain weathers, were to be stigmatized as bad and unsafe unless 
they really deserved that character, which he hoped to convince the 
meeting they did not. The dock he now alluded to was made of wrought 
iron, and was 300 feet long by 100 feet wide, and the bottom part was 
9 feet 6 inches deep; this bottom was for convenience of manufacture 
and repair, made in six separate pontoons; each pontoon extended from 
side to side of the dock, and was in breadth 60 feet, or one-sixth of the 
length of the dock. Inside the pontoons there were a proper number of 
water-tight bulklieads and a due system of trussing, to distribute the 
weight of the vessel. Upon the pontoons at the sides of the dock were 
two girders: these were lattice girders, of about 35 feet high, and 
sufficiently strong to transmit the surplus floating power of the end 
pontoons to the assistance of the more heavily loaded central pontoons, 
and in this way it was believed the fundamental points of keeping all 
strain off the vessel had been arrived at. 

In order to prevent the dock from tilting out of level while lifting a 
vessel, there were smaller pontoons, or floats, which were contained 
within the open work of the side girders, and the position of which, in 
relation to the dock as it rose, was maintained by suitable machinery. 
Не had preferred trussed girders to the ordinary close sides of a box 
dock for several reasons: one was, that greater strength was got for the 


same amount of metal; another was, that the open side afforded good, 


ventilation, a most important point in a tropical climate; and another 
was, that the open girdera, when immersed, displaced but little water, 
whereas the closed sides of a box dock displaced several thousand tons, 
which had to be overcome by the admission of that extra weight of 
water into the dock, all of which had afterwards to be pumped out. 
For these reasons he had preferred the open girders, and had employed 
the adjustable floats to play the same part in preserving the level of the 
dock, while being raised or lowered, that the closed sides effected in the 
box dock. The adjustable float, in fact, represented just that portion 
of the close side which, from time to time, was at the surface of the 
water. In using this dock the water would be admitted into the 
pontoons, which would cause the dock to rush past the floats which 
‘would remain on the surface; then the vessel would be drawn over the 
keel blocks, the water be pumped out, and the float apparatus worked, 
80 that as the dock rose the floats would still remain at the surface, the 
bilge shores being brought to act on the vessel as soon ns her weight 
was fairly on the keel floats. He thought that this dock and the box 
dock were, when properly constructed, absolutely safe, and that they 
would put far less strain on a ship when docked, than would be put on 
by the Hydraulic Lift Doek as now constructed. 

Mr. Abernethy, while admitting the great ingenuity which had 
been displayed by the Author and the other engineers who had advised 
with bim relative to the construction of the hydraulic dock at the 
Victoria Docks, was, nevertheless, somewhat at iesue with bim in the 
conclusion, that this description of dock was likely to become of 
universal application; on the contrary, he thought the Hydraulic Lift 
would be adopted only in exceptional cases. In the paper, the 
Hydraulic Lift had been compared with the graving dock system 

erally, and also with floating docks; and the subjects of comparison 
instituted were, first, the question of economy, and secondly, certain 
advantages which were claimed for the Hydraulic Lift. He was at a 
lose how to institute a fair comparison from the information contained 
in the paper, because the Author had selected, in respect of the economy 
of the question, one of the most recent docks constructed at Portsmouth 
in connection with the national dockyard at that place. The dimensions 
of that dock, and the quantity of stone and other material used in it 
were given, but not the cost. As far ав economy was concerned, tho 
Author could hardly have selected a more costly example; because the 
graving docks in connection with the Government naval establishments 
‘were generally built entirely of finely dressed granite ashlar, throughout 
the whole of their parte, the whole system SE conatrustion being of the 
moet expensive character; and it was not therefore a fair subject of 
comparison with the Hydraulic Lift system; yet it would seem, from 
these examples, the Author had arrived at the conclusion, that the 
graving dock system must of necessity be more costly, and, in many 
cases, even impracticable. But the eost of the Hydraulic Lift had been 
£66,706 for the, machinery, and £21,427 for the masonry and works 
connected with the lift, making a total cost of £88,132; the results of 
which, up to the present time, had been to provide seven pontoons of an 

egate length of 1,496 feet. 
г. Abernethy had, during late years, constructed a number of 


gtaving docks at present in use, and proved to be very effective. 
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Several of them possessed, it was true, advan in respect of site, but . 
there were numerous sites as favourable in all parts of the kingdom. 
He would, in tho first place, allude to the graving docks on the river 
Mersey, іп the red sandstone rock. The dimensions of five docks at 
Birkenhead, which he had constructed years ago, were as follows: 


` No. 1, 300 feet long, 35 feet wide at the floor, and 18 feet 3 inches of 


water over the sill at ordinary spring tides; No. 2, 200 feet long, 40 feet 
wide, and 18 feet 3 inches of water over the sill; No. 3, 400 feet long, 
64 feet 6 inches wide, and 22 feet 3 inches of water over the sill; 
No. 4, 440 feet long, 70 feet 9 inches wide, and 26 feet of water over the 
sill; No. 5, 350 feet long and 69 feet wide, and depth of water over the 
sill 22 foet 3 inches—making a total length of dooks of 1,690 feet, which 
had been constructed at a cost of £86,000. Those were instances of 

ving docks in a favourable site, hewn out of the solid sandstone rock. 

hed also recently constructed two other docks at Falmouth, of the 
dimensions respectively of 350 fect by 61 feet, and 15 feet 6 inches of 
water over the sill, and 400 foet by 66 feet, and 17 feet 6 inches of 
water over the sill: making a total length of dock of 750 feet, at a cost 
of £29,000. In the construction of these latter docks, a oonsiderable 
amount of pumping was nocessary, in consequence of the open character 
of the rock. Then again on the question of economy, it was obviously 
impracticable to carry aut the Hydraulic Lift system near the existing 
London Docks, on account of the large area occupied; it would be an 
expensive item to secure such an extent as 26 acres, the area occupied in 
connection with the Hydraulic Lift at the Victoria Docks. 

The advantages claimed for Hydraulic Lifts over the existing graving 
docks, beyond the question of economy, were—first, freedom from strain 
to the vessels docked, arising from the elasticity of the pontoons. He 
was not a shipwright, but he apprehended that the element of elasticity 
would not be regarded by shipwrights as an advantage ; and he thought 
the rigid floor of a graving dock was to be preferred. It would, he 
thought, be a dangerous experiment to place a crazy old ship on an 
elastic bearing. Anothor advantage claimed for the pontoon system was 
the peculiar mode in which the vessel was blocked. The same mode 
had for a long period been adopted in the ordinary patent slip, viz., by 
bildge and slide blocks. That was as much a matter of necessity in the 
case of patent slips, as it was on this system ; but it was not a matter of 
necessity in ordinary graving docks, Аз a general rule, the vessel rested 
on the keel blocks, and was shored from the sides; but bilge blocks if 
necessary could as easily be provided on the floor of a graving dock as on 
а pontoon or patent slip. А great advantage claimed for this mode of 
blocking, was the replacing the pressure of tho water on the outside of 
the vessel. Now, he thought, very extraordinary blocking was required 
accurately to represent the pressure of water on the outside of a vessel. 
It was also stated in the paper that the displacement of a vessel was 
equivalent to the weight of each particular section. That was to say, 
that if a vessel was divided into sections, the displacement was equivalent 
to the weight of each particular section. He apprehended the dis- 
placement was equivalent to the form, capacity, and weight of the vessel 
asa whole, and not to any particular section. It was further stated, 
that in the case of a vessel resting on keel blocks, the weight was nearly 
equally distributed over the wholo keel; that, he thought, was erroneous, 
as the weight would be due to the particular section of the vessel resting 
on the blocks. 

With regard to floating docks, he agreed that such docks could be 
constructed to dock vessels with perfect safety, and he felt certain, that 
floating docks would give a more profitable return, and could be worked 
with greater economy than hydraulic lifts occupying, ав suggested, an 
entire pontoon for the accommodation of а single vessel ata time. One 
objection made to graving docks was, that on placing a vessel in dock, 
resting on the keel, a great length of shoring was required; and in the 
case of the Mersey docks he had adopted means to obviate that difficulty. 
At certain portions of the dock, he had upright piers in the place of the 
altar steps, во that а vesacl could be brought in between those upright 
piers, and moored directly over the kcel-blocks. Short shores only 
were required to keep her £s situ, and those shores might be worked by 
machinery, во ав to be adjusted immediately the vessel was on the keel- 
blocks. at system of piera had been adopted by him at all the dooks 
at Birkenhead, eleven in number, and also at the two docks at Falmouth, 
to which he had referred. There could be no doubt, that in regard to 
vessels of the largest class, such as the “Warrior,” which had a height of 
about 40 feet from keel to deck, it would be Sxcoedingly dangerous to 
risk such vessels on pontoons merely blocked under the bilges, without 
horizontal shores at the sides. Therefore, he thought if pontoons were 
ever applied to that class of ships, it would be necessary to have sido 
pontoons, or side frames upon the horizontal pontoons, and when that 
was the case, the cost of the whole would equal that of a floating dook 
of tle same capacity. Ав a further use to which pontoons might be 
applied, the Author had pointed out tho opportunities for transporting 
vessels on them for a considerable distance, as for instance, across the 
Isthmus of Suez, if the canal were ever cut; but it was quite obvious that 
it would be impossible to move a large ship any considerable distance on 
а pontoon with her masts and rigging standing and exposed to the 
action of the wind. Jn the instance givon in the paper of such trans- 

pore the pontoon, with the ship on it, made so much leeway as to sink 
erself in а short time with the vessel upon ber. lt was fortunato this 
took place in shallow water, instead of in the Victoria Dock itself. 
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Another point, was the economical working of the existing graving 
docks as compared with the pontoons; as in the case of repairs to 
steamers, taking out the boilers, machinery, &c., and putting them in 
again, When vessels were placed on pontoons, it was a costly operation, 
either to erect staging to the level of the deck of the ship, or to lift the 
boilers, or other heavy weights from the ground, and then to lower them 
into the vessel; whereas, by means of а powerful crane, placed on such 
piers as he had provided in his graving docks, the boilers, or other heavy 
materials, could be removed from the ship, and replaced with the 
greatest facility. Ая regarded shoring in graving docks, it ceuld be 
done in any position, but not so under the pontoou arrangement. While 
stating thus broadly his view, that this form of dock could be used only 
in exceptional casea, and not as а general rule, he was at the same time 
convinced in many positions it would prove successful, as in s tideless 
sea, or where the physical difficulties were so great as not to warrant 
the expenditure necessary for constructing the ordinary graving dock. 
In such a locality as the Victoria Docks, where peculiar facilities were 
at hand, he thought the hydraulic system was admirably adapted for its 
purpose; but he repeated, that he thought it must be considered 
altogether as exceptional. 

r. Vignoles said, the history of docks having been touched upon in 
the paper, he would state— as the fact had not been mentioned —that he 
believed the first instance of the employment of a floating dock occurred 
about the time of Peter the Great, in the estuary or Bay of Cronstadt, 
where а north-country captain, wishing to repair his vessel, found an 
old hulk floating in the bay, upon which he had permission to operate; 
and he атасы means of letting іп, aad pumping out the water, 80 as 
to form a floating dock, on which to carry out the required repairs to his 
ship. The name of that old hulk was the ** Camel," and to the present 
day а contrivance of that kind was understood by the term ‘‘ Camel,” 
which consisted of а rongh wooden box from which the water could be 
discharged to raise it up, and into which water could be introduced to 
sink it again. With regard to the invention now under discussion, he 
thought it was one of the most ingenious contrivances that had appeared 
for many years. He thought it was applicable in more instances than 
had heen generally admitted, and he thought the comparison of the 
oxpenses of the system with those of graving docks on other systems was 
quite fallacious. Every invention must be applied to its own particular 
case; and there were many cases in which this invention could be 
applied, both abroad and at home, with great advantage. 


(To be coutinucd.) 
— — > 


ON SOME OF THE ARTISTIC FEATURES OF THE 
ESSEX COTTAGES.* - 


By тнв Rev. E. S. Corgis. 


Тнів title is not only too ambitious, but not strictly accurate, 
ав I'shall embrace in my remarks not cottages only, but farm- 
houses, in fact, any dwelling-house, under the rank of the 
mansions of the squire or nobleman. These have been often 
well described and illustrated in works easily accessible to all ; 
but the cottages and farm-houses left us by our forefathers in 
pent ages have not received the attention which I think they 
deserve. І cannot but think that it would be well worth the 
while for some one really capable to undertake this subject and 
work it out; to illustrate the principle of design which these old 
houses exhibit; to endeavour to classify them as to date ; and 
to publish careful illustrations of good examples. I have not 
the knowledge or skill for anything ofthe sort, and only venture 
to skim the surface of the*"subject, and direct the attention of 
some abler hand towards it. 

I do not allude now in any way to the ground plan of these 
old homesteads—their arrangement of rooms—their appliances 
for the comfort and decency of their inhabitants at the time of 
their erection—or their capabilities for meeting the necessities 
S our modern life; I speak simply of their external form and 

esign. 

Nor is it impossible to deny that this is generally one full of 
beauty througout the whole of our country. Our poets have 
sung the beauty and quiet of our English Cottages. vellers 
from other lands speak of them with unvarying admiration. 
Painters love to represent their picturesque gables, and 
shadowing eaves, а latticed windows, and пей chimneys. 
Tt is some few features of this beauty we would wish to point 
out. 

And first, I would bid you remark how entirely they are 
designed to harmonise with their particular sites, and with the 
prevailing features of our quict English landscape. This implies 


* Read at Meeting of the Essex Archeological Society, at Earls Colne, 
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in their builders а perception of artistic propriety and fitness 
which is now little understood, and seldom attained, by our 
modern architects, even in great works. How often in these 
days do we see a building, placed in a city, crowded up in 
narrow streets, yet framed on a design requiring it to be seen 
from a distance, and fitted for some commanding position in the 
country. On the other band we have buildings, like the facade 
of the new museum of Oxford, fitted for the continuous line of 
street, standing isolated and alone. Now, this fact of appor- 
tioning the character of a design not only to the object of the 
the building, but to the nature of its site; to make it thus 
appear to belong to the landscape around it; to grow out of it 
instead of being an extraneous thing, put down, as it were, hap- 
hazard, where it is; this, І say, із а mark of subtile and true 
artistic feeling. It was possessed in an eminent degree by the 
builders of old time; it 18 seen in their greatest works. The 
house of the noble in the city was a different type from that of 
his mansion in the country. Their churches varied according 
to the nature of the scenery around them and the materials to 
be used. Some had spires, some towers,—the towers them- 
selves varying in form and size, and yet all so exactl suited to 
their several situations that, to a practised eye and cultivated 
taste, no small portion of effect could be lost when any two 
different types interchanged in site. A Pembrokeshire church, 
with its severe and simple pyramidal tower, would be out of 
place in the wooded or cultivated plains of Essex. An elaborate 
tower like that under whose shadow we are sitting, or one of 
beautiful brickwork like that we shall see at Hedingham, would 
lose half its beauty among the wild hills and rugged valleys of 
the west. Now just this very nux which the old architects 
adopted in these their great works, they successfully imparted 
.even to their smallest. All that we have said of mansions and 
churches applies equally to their cottages and farms. To a 
medieval builder nothing was to small for care. The same air 
of grace and fitness that marked the mansion of the squire or 
the noble was thrown round the humbler dwelling of the farmer 
ог the peasant. If one looked grand and noble, with its wide 
sweep of lawn and far reaching avenues, the other equally 
became its knot of shadowing elms, and its little garden by the 
village green. The one as wellas the other was fitted for its 
special site, and seemed equally a m and parcel of the general 
landscape around. In Herefordshire we have the homesteads 
formed with the black beams, showing oftentimes in beautiful 
and varied patterns through the white plaster between. In 
Gloucestershire the rich yellow stone, with stone mullions and 
uoins, and roof of slabs, give an air of solidity and comfort, 
tting the rich gardens and orchards in which a stand. In 
Wales the grey cottages, low and nestling in some hollow of the 
hills, give an air of shelter from the wild winds of the mountain ; 
all these, fit and beautiful in their several positions, we feel 
would be out of place in Essex, where the long stretch of roof, 
varied by projecting gables, and covered with thatch or tile, the 
white walls, with their quaint varieties of pargetting, seem at once 
the natural out-gro of our quiet, undulating county, and 
lend to it one of its greatest charms. 

Iknow, indeed, it may be said that all this is puer acci- 
dental—that this grace and fitness result simply of themselves 
from the accident of material, or what not. But the objection 
is a shallow one. Things do not grow of themselves into forms 
of beauty. To make them do so requires knowledge, and 
thought, and skill. Nay, the objection itself only proves the 
more what we are stating, for it is the very height of art to 
conceal itself, and appear actually what it is not—the mere 
natural outgrowth of utility, of necessity, of material. 

Take another view of these homestcads of our country, and 
observe the fitness with which their mere outward form ex- 
presses the kind of life for which they are constructed. There 
18 thrown around them an air of quict, calm repose—they scem 
to breathe an atmosphere of simplicity and content, harmonising 
completely with the quiet, unambitious tenor of a country life. 
Those, indeed, who know the country best, know that this 
appearance is but too fallacious—that amid those quiet scenes 
breathe the same wild human passions; there are yet the same 
troubles, miseries, the same wayward errors and sins, that beset 
life everywhere. Yet, as wo look upon some gountry village, 
we feel the thought of all this runs counter to the outward show 
of things, and this very feeling of incongruity shows how deep 
ahold upon our mind have the ideas of peace and repose that 
the old builders have impressed upon their buildings. 
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Yet a third matter to which I would call your attention in 
these old domestic buildings is their infinite variety. Thé type, 
indeed, is the ваше ; there is always the high-pitched roof, the 
wooden-framed or mullioned windows, the genial stack of brick 
chimneys, suggesting the warm ingle within. But at the same 
time there is an almost endless variety. Sometimes the roof is 
unbroken from end to end, sometimes a central gable breaks its 
line, sometimes there is a gable at one end of the front, some- 
times at both. When several houses are placed in a row, under 
one roof, the windows are sometimes dormers, sometimes carried 
up from the wall in small gables, grouping beautifully with the 
larger gables which in such cases usually flank on one end or 
the other; sometimes the upper story projects over the lower, 
throwing at once a dark mass of shadow, which adds greatly to 
beauty. The walls, as I have already said, though often simply 
rough cast, yet frequently present a ter number of patterns 
in pargetting, quaint and simple, and eminently constructive in 
design. these and other matters we might mention, alone 
or in combination, produce infinite change and variety of form, 
and this alone is enough to claim for them a high artistic 
excellence. Sameness of with individual variety is the law 
of nature's works; it ге tes the growth of the trees of the 
forest, and the leaves of each individual tree ; it marks no less 
these old cottages and homesteads of our native county. 

This, then, is a high artistic feature—it is more, it is в great 
moral influence. It tends to gather the affections of the in- 
dwellers of these houses around them, to separate them from 
others, to intensify the idea expressed by our sweet English 
word Home, 

Contrast these ancient houses with those which we ereot to- 
day. Take an ordi modern cottage, four square brick walls, 
а door at one side and а window at Ше other, and two windows 
above, a alate roof, low in pitch, with no eaves; it is a dissight— 
а blot upon the landscape around it. It is impossible to love 
a base mean thing like that. Or take a modern row of cottages— 
each one exactly like the others—each a repetition of the type I 
have distressed you by describing: without a single thing to 
distinguish it from its neighbours but the number of the door; 
how can any affectionate associations gather round such в 
dwelling as this Р It seems almost a profanation to apply to it 
the sacred name of home. There is certainly nothing in it to 
attract, and everything to repel. But being constituted as we 
are, with body as well as spirit, susceptible as is our nature, and 

ially in its uneducated state, to external influences, it is, 
to say the least, unwise to render our homes outwardly unlovely 
and ling. Our fathers acted wisely as well as tastefully 
when they sought to render a man’s house itself attractive, to 
give it an individual peculiarity distinct from any other, and to 
make it outwardly a fitting type of those fair and gentle 
influences which should dwell iur : 

Buch are a few of the artistic features of an old homestead— 
itisa poor and meagre outline; but it may serve, I think, at 
least to call attention to them, and gain for them an interest 
which they well merit, and which they but seldom excite. Тһе 
more you really look at them the more you will be struck with 
their picturesque beauty. They are, moreover, very precious as 
memorials of the past of our people, still existing among us, and 
which if once lost could never be replaced. ў 

And it is a fact that they аге, slowly indeed, but surely, fadin 
away from us. The mere process of inevitable decay must ro 
us of them in time, and of the oldest and of the best first; but 
besides this every year, in every village, one and another of 
them is falling often before the march of what is called im- 
provement; either altogether pulled down to make room for 
some Дете tasteless erection, deficient іп eve int in which 
they excelled, or else mutilated or added to, an their native 
beauty destroyed. Now, surely it is to be lamented that these 
buildings should pass away without some record and memorial. 
If the things themselves must cease from among us, surely at 
least, their forms may be preserved. Now this is the real object 
I have had in choosing the subject of this paper. I would 
venture to press upon you the importance and interest of 
securing some memorial of these old buildings. In every neigh- 
bourhood there is some p or other who has the power of 
making some sort of sketch, however rough. Will it not, then, 
be well to keep an eye upon these old buildings? whenever a 
house or cottage is to be pulled down, or improved, as the term 
is, let some one or other make it his business to take a sketch of 
it from one or two different points of view; a simple outline 
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would be enough, just catching its leading features, the dis- 
tribution of its shape, and the arrangements of its parts. Nay, 
more—there are many of you in these days who are photographers. 
I can conceive nothing more interesting than that some one who 
possesses this valuable art should go round his own particular 
neighbourhood and take photographs of the best and most 
picturesque of these ancient homesteads. A collection of such 
photographs would have an interest and value almost impossible 
to over-estimate. They would form at once interesting me- 
morials of the past, and be precious guides to our architects for 
the buildings of the future. We are never likely to have a type 
of building so fitted for our climate and our scenery as these, 
and it is surely possible to combine with the increased comforts 
and greater requirements of modern life these time-honoured 
forms which add so much of beauty to the hills and plains of 
our native land. 


— e 


THE FESTINIOG RAILWAY. 
(Coneluded from page 224.) 


Мг. Pihl added that, last summer, Mr. Charles D. Fox inspected the 
narrow gauge lines in Norway. All the details, with the engines and 
rolling stock, were unreservedly placed at his disposal; and on leaving he 
wrote—‘ With reference to the interesting question of the 3 feet 6 inch 
gauge shall return convinced of the thorough efficienoy of such a gauge 

ог the purpose of a new country, and of the wisdom of adopting such a 
where the traffic is not very heavy.” 
т. Phipps inquired, whether the economy of these narrow gauge lines 
did not consist obiefly in the diminished cost of construction, rather than 
in working the traffic of the line? Іп his opinion, the cost of haulage 
per ton could not differ much, whatever the gauge might be; but as re- 
garded the construction of the line, it would, of course, bo less for the 
narrow way. These narrow ways wereobviously suited for mountainous 
districts, where the curves being necessarily sharp and frequent, it became 
important to reduce, as much as possible, the friction arising from wheels 
keyed fast upon the axles, which was obviously done by dimishing the 
width of gauge. Оп tolerably level ground, with the ordinary alternations 
of cutting and embankment, where the slopes formed so large a proportion 
of the whole earthwork, the saving from narrowing the gauge would pro- 
bably not be considerable. 

Mr. Bruff replied that, though considerable economy in the earthworks 
arose by adopting sharp and reverse curves on the Norwegian lines, the 
bridges and viaducts were extremely heavy, so much во, ав to have 
astonished him when he was informed of the'prices at which the lines had 
been carried out. No doubt, the economy of construction was greater 
than if a heavier rolling stock and permanent way had been employed 
throughout. 

Mr. Gregory, V.P., remarked that, with the narrow gauge, a shorter 
wheol base of the engines could be adopted, which gave greater ease in 
traversing sharp curves, 

Mr. Robert Mallet said, as yet no mention had been made of another 
narrow gauge line, which had been a long time in successful operation, 
viz., that between Antwerp and Ghent, the gauge of which, he bolieved 
was only 2 feet 3 inches. Не could not give the precise partipulars of 
the rolling stock, but could state generally, that the carriages wero 
wider than those on the Festiniog Railway, and they carried heavier loads. 

The subject of narrow gauge lines was not new to him. About eleven 
years ago he recognised the advantagcs, in respect of cheap railways and 
traffic, which would arise from narrow gauge lines; and іп 1865, he һай 
proposed to Mr, Hemansa line along the north shoro of the Bay of Dublin 
to have a gauge of only 2 fect 6 inches. That project, for reasons it was 
not necessary then to go into, was not carried out; a bill, however, was 

resented in tho present session of Parliament for a similar line, and he 
hoped it might be made on the narrow gauge. In viewing the question 
of narrow gauge and ordinary gauge railways. it was necessary to con- 
sider, what he might call the prudential considerations, Шове that related 
to the circumstances of traffic, &c., separately from those which wore of 
a purely physical character. He met in Sicily last year Colonel Yule, 
late of the Bengal Enginecrs, and he had had many opportunities of dis- 
cussing with him what had passed relative to Indian tramways, or branch 
railways. Colonel Yule’s opinion was decidedly in favour of narrow 
gauges, and he considered that in India it was simply а question between 
the bullock-cart, or these narrow-gauge iines, as fecders to the trunk 
lines. Reverting now to the purely physical considerations, it appeared 
to him, as a physical necessity that, not only the original eost of two 
similar lines differing in gauge, but also the cost of working them, would 
approach the ratio of the cube of the length of axle, or what was the same, 
of the breadth of gauge. А little consideration would show that, however 
startling, this proposition, without having any pretentions to be а mathe- 
matical truth, was nevertheless approximately true. Asan illustration 
of this—if the axlc of a carriage, вв а cylindrical shaft, exposed to cross 
strains, were taken, it would not admit of dispute, that for equal atrength, 
on different gauges, the diameter must vary as the cube of the length, or 
ofthe gauge; therefore the weight of tho axles would bo in that ratio, 
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and so must be that of the wheels to carry them. Then ая to the carriages, 
as it was equally undeniable that the weights of any similar structures 
whatever, varied as the cubes of their homologous dimensions, so the 
weight of the carriages wonld be as the cubes of the gauge, if the carriages 
were of equal lateral strength: and the axles and wheels must be propor- 
tionate to carry this load. In a word, all the rolling stock would be in- 
creased in something like the ratio of the cube of the gauge. If this were 
во, it followed, that the permanent way itself must be increased in a pro- 

rtionate ratio to bear that load; and if it were true, that the cost of 
ана was а function of the weight drawn, it equally followed, that the 
rolling expenses, or those for working the line of road, would be about 
in proportion to this increased weight of rolling stock also. He wished 
to guard against being mistaken as now speaking mathematioally, 
or as using the cube as a рег expression of the relation; his intention 
was merely to illustrate the proposition which he deemed generally true 
—that not only the first cost of construction, but also the expense of 
working railways, increased with the width of the gauge, but in a greatly 
higher ratio, or in other words, that in proportion as the gauge was re- 
duced, both the first cost and the working expenses would be diminished. 
There were some special physical advantages in narrowing the gauge ; 
for example, engines, or carriages could go round а sharp curve more 
easily with a 2-feet gauge than with a 7-feet gauge: this fact had had 
some doubt thrown ou it, but itstruth was obvious, from the consideration 
that if the two rails could be brought close together, or into one, there 
would be no longer any resistance at all in going round, due to the outer 
and inner wheels having to go over different lengths of curve in equal 
times. 

Mr. Savin said, he had not at firat imagined that a line of so narrow a 
guage as the Festiniog Railway could be worked successfully with loco- 
motives; but he had travelled on that line both with locomotives and in 
the boat carriage, and he thought it a great success, both in regard to its 
adaptation to the circumstances of the locality, and in ita commercial 
results. He agreed that the gauge of railways in any one country should 
be uniform, as far as through systems of working were concerned; but, 
having had some experience in Wales, he thought it impracticable to 
carry out the broad gauge in thet country. Ho had seen various gauges 
in operation, from 2 feet up to 3 feet 6 inches; his own feeling was in 
favour of 2 feet 3 inches or 2 feet 6 inches, where tho valleys were 
erooked and steep sided. In this way many physical difficulties might 
be avoided, by the adoption of curves of shorter radius; a 2-feet gauge 
line might be fitted to the contours of tlie hill sides, in such а manner as 
to reduce the cost of railway communication to a mipimum. А line 
16 miles long, for which he bad given $20,000, was laid on the gauge of 
2 feet 3 inches, and that line had been extended into a district similar to 
that which the Festiniog Railway passed through. There would have 
been very little chance of carrying a bill for a railway опа gauge of 
4 feet 8} inches iu that district, and the result would have been, that, 
but for thia class of railway, the present development of the mineral re- 
sources of those valleys would not have been attained; and it was 
especially with reference to districts such as this, that the subject was 
worthy of the fullest consideration on the part of engineers. 

Mr. С. P. Bidder—Past President—said he had listened to the paper 
with great interest, It was an evidence that the Author, as a govern- 
ment official, had a view to the commercial results of railways. This 
system was not propounded as a measure of economy, in other respects 
than that there were cases in which the economy of constructing the 
narrow gauge should be considered, where it could be introduced, for the 
sake of the curves and gradients, in districts where the broader gauge 
could not be introduced. That was the only ground on which this ques- 
tion could be fairly considered; but the Author did not pretend that a 
narrow gauge could be worked more cheaply than a broad gauge. The 
argaments adduced in favour of the economy of working the narrow 
gauge, if followed out, would lead to the conclusion—that if there were 
no gauge at all, a railway could be worked for nothing. The question 
was, not the cost of moving a carriago, but at what cost.a ton of minerals, 
or coals, or в hundred passengers could be moved. Ава mattor of prac- 
tice, a ton of minerals, or a hundred passengers, could not be moved оп 
а narrow gauge more cheaply than оп a broad gauge. That it was во in 
this caso was shown in the figures given in the paper; for, although the 
substitution of steam traction in place of horses was undoubtedly a proper 
thing to do, yet he did not understand the Author as propounding the 
question of these narrow gauge railways to show that the cost of work- 
iag, ton for ton, and passenger for passenger, was any cheaper thau 
working on a broader gauge; the Author said distinctly, he did not 
proposo this narrow gauge, except іп isolated places—aa in the instance 
given betweon Festiniog and Portmadoc, where the railway took the 
slates from the ne to the ships, and had no connection with any 
other railway. But abreak of gauge, whether in India, or elsowhore, 
was an avowed evil and could only be reconciled by the advantages of 
economy of construction, as compared with the cost and iu convenience of 
trana-shipment. As to these railways, he had no doubt for short 
branches, or extensions, or even for village lines, it might be useful to 
introduco them. But in this country there were what were called’ the 
“Standing Orders of Parliament,” which iaterfered very much with 
such lines. Engineers were allowed to deviate 6 feet vertically in open 
country, and werc restricted to 2 feot in towns. Anything more absurd 
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than that, it was impossible to conceive. In the neighbourhood of 
London, where the country was flat, a limit of 5 feet might be suitable; 
but in distriots where the inclination of the surface of the ground was 
1 in 5, or | іп 6, the 100 yards of lateral deviation might change the 
work from cutting to embankment; and the 5 feet might require to be 
20 feet, or 30 feet. Parliament said “ A railway shal] not crosa a publio 
highway in this country if it interfered with its level, excepting it be 
made with a ient of 1 in 20 for a parish road, and 1 in 80 юга 
turnpike road; nor shall it cross a road on the level, without per- 
mission.” Of course, these were questions of local circumstances: 1 in 
20 might be a proper gradient for London; but there were districts 
where the norma] gradients were 1 in 7, or 1 in 10, and where the traffic 
might amount to three vehicles, or four vehicles per day. Мо attention 
was, however, paid to that fact, nor were reasons listened to—bat a 
gradient of 1 in 20 was insisted on. Не had had to say, on one ooca- 
sion, in committee, that if such conditions were to be abided by he 
could not prove the preamble, for the gradient of the valley 1 in 11, 
1 in 20 would go quite across the valley. But what he proposed was, to 
spend £500 in improving the road on the other side of the railway, 
lading to the nearest village, and then the bill was passed, 

With мамо to level crossings, he feared he had been a great offender, 
for on one line he had as many as thirty-eight level crossings on as 
many miles of railway. But now the rule was, that there should be по: 
level crossings. In consequence of this, where the Great Eastern 
Railway crossed a country road at its apex, аба most convenient place 
for a station, especially for minerals, the engineer was compelled to 
avoid making a level crossing, though it was near the highest point of 
the country, and to raise that road 16 feet or 16 feet, at a cost he believed 
of £7,000 or £8,000. The Company could not have a station there, the 
opening of the line was delayed for several mouths, and the thing was « 
nuisance to the neighbourhood. 

He offered these remarke, because this paper showed, that the Author’s 
mind was directed to commercial results. He said in effect “ where the 
broad gauge is inappropriate have a narrow gauge.” Не agreed with 
him; but the question of commercial consideration entered as much into 
broad ав into the narrow gauge railways, and regard must be had to the 
local circumstances where each gauge might be applied, 

Mr. E. Woods thought it was evident, from the observations which 
had been made, that noone system could be laid down, nor any one 
gauge be fixed upon, as applicable to all conditions of locality, traffic, 
&o., but that each district must be treated according to its circumstances. 
With regard to the Indian gauge of 5 feet 6 inches, he could quite under- 
stand, it was most desirable to construct branch lines on the same gauge 
as the main lines, and in a fiat country like India the difference of cost as 
between a gauge of 5 feet 6 inches and a narrower gauge would not be 
great, the principal item being in the additional length of the croes- 
sleepers. The rails might be lighter than those of the main line, and the 
engines for working the branches made light in proportion. Siz years 
ago he had to construct a railway in Chili, 27 miles in length. The 
line was situated in the lower range of the Andes, where the gradients 
were necessarily severe and the ourves sharp. Here curves of 500 feet 
radius in combination with gradients varying 1 in 20 to 1 in 30, 
constantly occurred. It was said, by the engineers of the country, that 
it would be impossible to work that line with locomotives, and accordi 
it was laid out for mule traffic, and it was worked by ше power for 
eighteen months. But owing to the seasons, of drought and causes 
the expenses of working were so high, that a decision was come to by 
the Directors, to work the line by locomotive power. Не was called 
upon to design the engines, and in his design he limited the weight on 
the driving wheels to 74 tons, but the difficulty was to get sufficient 
adhesion to take the loads up the severe inclines of 1 in 20 for 7 miles, 
and of 1 in 30 for 12 miles. That difficulty was overcome by putting 
6 driving wheels to the engines, and placing the front end on a i 
truck. The rails, of 42lbs. to the yard, had stood exceedingly well, and 
up tothis time were in working order, for though the enginee 
weighed 30 tons, the weight, being distributed over so many wheels, 
had produced no sensible injury to the rails. The ordinary working speed 
on tbe inclines was about 12 miles per hour. —— 

From the experience of the working of that line, it was evident that 
railways of light and inexpensive construction might be advan 
worked, if due regard were paid to the adaptation of suitable rolling 
stock. 

Мг. W. Bridges Adams said, in dealing with the question of light rail- 
ways, there were two aspects from which to regard them — the commercial 
and mechanical The latter might be a toy, but the former must have 
reference to utility. The object being to transport materials and men, 
there must be sufficient volume in the carriages to hold them conveniently. 
Now, it was not convenient to have the dimensions so reduced as to render 
it necessary to strap the passengers to the seats to prevent oversetting. 
It was quite true, that the narrower the gauge the shorter might be the 
distance between the axles, if rigidly paraljel. во as to facilitate passing 
round sharp curves; but, on the other hand, the lon; the vehicle the 
steadior would it run, and the rigid structures which formerly needed 
straight lines of way, or very flat curves might now cease to be rigid, by 
provision being made for the axles to radiate on curves, and point truly to 
the centres of those curves. By this arrangement, and by the use of 
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spring Нгев, permitting the wheels to slip within the tires, it was now 
practicable for carriages, or engines, with extreme wheels 26 feet apart, 
to roll without rail friction round curves. of 2 chaina radius, and this 
fact rendered the width of gauge whether 2 feet or 7 feet, a matter of 
indifference as regarded curves. On the Norwegian line of 3 feet 6 inches 
gauge, engines of that class were now working. р 2 

In considering the cost of gauge, the saving could not be in Ше rails, 
but only in the ара of the sleepers, and the quantity of balast, bridges, 
бо. The axles might be shorter, and material might be saved in length 
of oross framings, but it did not follow that this was economical. ith 
в given load, there was а certain apace required to stow it, and there was 
в certain proportion of length to breadth of train which gave the best re- 
sults in traction. A long narrow train was disadvantageous and especially 
80 on very sharp curves. The proportion of the width of rail gauge to 
the width of the carriages was another consideration. Аз a mechanical 
tule, the carriage bodies might be eafely made double the width of the 
gauge. Beyond that width there would be a tendency to unsteadiness, 
А 2-feet gauge. by that rule, would only admit a carriage 4 feet wide, 
and that, even with passengers back to back, was very cramped, Again, 
with passengers во placed, 3 feet in length of the carriages would only 
carry four passengers, While seated fore and aft, eight passengers could 
be carried in a 4-feet length of carriage, with a 3 feet gauge of rails, i.e., 
one-fourth increase in length of train would double the number of pas- 
sengers, or volume of goods. 

With a 2-feet gauge and wbeels 2 feet in diameter the boiler and fram- 
ings should be carried above the wheels altogether. With a gauge of 3 
feet 6 inches, the boiler might be between the wheels; and engine-wheels 
of only 2 feet in diameter seriously damaged tho rails if heavily loaded. 
16 of larger diameter, better adhesion might be attained. The worst 
gradient оп the Festiniog line appeared to be 1 to 60, but with heavicr 
gradients heavier engines would Бо needed. and there was now no difficulty 
in constructing engines with eight drivers to roll round curves of 2 chains 
on any gauge. The very important feature in the engine described was 
the great pressure of steam—200 Ibs. to the inch. 

There was no doubt that narrow gauges might be made at less cost 
than wide ones, but it was doubtful if any material saving could be made 
by reducing a 3-feet gauge to a 2-feet gauge, when it was considered, that 
tho upper structures of the train must be provided with sufficient space 
for convenience. 

There was one reasun why it was desirable to make branch lines of a 
narrower gauge than main lines when the traffic was light, viz., to pre- 
vent heavy engines and vehicles from running on апа destroying them. 
But in the ooal traffic it was desirable, and possible to employ wagons 
of the greatest capacity and length, capable of running round the sharpest 
possible curves and up to the pit’s mouth, and in this case it was better to 
hay по break of gauge. On a gauge of 4 feet 3$ inches, it was due 
practicable to use 8 wheel w: 8, 40 feet long, by 9 feet wide, with an 
internal capacity of 1,600 eubic feet. 

Mr. ‚ V.P., said, he was prepared to recognise the propriety of 
the measures adopted on the Festiniog railway, under circumstances 
which, he thought, were special and peculiar; but the Institution and 
the profession would be bold if they attempted, on the data now before 
them, to adopt, as had been suggested, the idea of а supplementary narrow 
gauge for all small branch lines. Не believed that the advantage of such 
а gauge was limited to local conditions, such as those described in the 
paper. There was an old line having hranches into several slate workings, 
and on account of the gauge already existing in those workings, and the 
character of the works and the curves of the Festiniog railway itself, it 
would have been exceedingly difficult to adopt the ordinary gauge, there- 
fore the managers had endeavoured to make the most they could of an 
exceptionally narrow gauge, by converting the main line into a line for 
general goods and passengers. They also did well to introduce locomotive 
power оп theline; but all who heard the paper must feel that this was 
done under difficulties. Не must record his protest against the theory, 
that the cost of the working expenses of railways жая in proportion to the 
cubes of their width of gauge. The quantity of goods, or the number of 

engers to be carried, was an essential element in such a question, and 
e thought that it might with as much corrcctness be affirmed that 
Messrs. Pickford could carry on their business more cheaply in coster- 
mongers’ carts than in their usual vans. This illustration would show 
that such a theory could not be practically supported. Не was sure 
while Mr, England had got work out of an engine, under difficult cir- 
cumstances, with an exceptionally narrow base, that gentleman would state 
that he could obtain greater power, and more economy for a large amount 
of work, if he had a wider base to work upon. 2 

In considering the circumstances under which ап exceptionally narrow 
gauge might be adopted, it became necessary to investigate its supposed 
advantages. Setting aside tbe idea of any saving in working, when thero 
was anything beyond a very limited traffic, these advantages appeared to 
be classed principally under two heads, viz., firstly, a saving in cost of 
construction, and secondly, the easier use of sharp curves. 

What had been done оп the Festiniog Railway to make the most of Из 
capabilities did not point to much saving in first cost; indeed it seemed, 
as had been remarked, that the saving would extend to little beyond 
sleepers and ballast. It was pointed out in the paper, that to make the 
most of the wagon and carriage room, the rolling stock overhung so far 
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that а width of 4 feet 6 inches was required between the rail and any 
bridge piers, and a 7 feet epace between any two lines of rail; the result 
would be the necessity for a minimum structure width for a single line, 
of 11 feet, as compared with 12 feet 8 inches on the ordinary gauge, and 
for a double line a width of 20 feet, as compared with 23 feet 6 inches 
in the ordinary gauge of 4 feet 84 inches. Such a difference would pro- 
duce во small a saving in the cost of the works, as not to compensate for 
the disadvantages of having a very narrow wheel base, which would limit 
the power of the engine, and in the event of the derangement of the per- 
manent way, would cause such unsteadiness in running, that the speed 
common on ordinary railways would be dangerous. 

With regard to curves, the friction arising from the different length of 
the arcs of the outer and inner rails was greater on a broad gauge than on 
& narrow gauge, and as rolling stock was at present generally constructed 
with rigidly parallel axlcs, the most obvious advantage of an exceptionally 
narrow gange was the smaller radius of curves that might be adopted. 
But, he thought, modern improvements were going far to overcome the 
difficulties of sharpe curves, und he recognized the great value of such 
inventions as Mr. Adams’ radial axles, by the application of which to 
the ordinary engines and rolling stock of the country, trains might run 
round sharp curves on the ordinary gauge as freely as on a narrower 
one, 

As these two supposed advantages seemed likely to disappear, he 
therefore concluded, that seeing the loss which took place by the 
uneconomical application of the power of the engine, the fact that the 
ordinary gauge admitted ef rolling stock, which would beara smaller 
proportion of dead weight to the weight carried, and last but not least 
the evils of a break of gauge, it might be concluded, thatif there was to 
be an exceptionally narrow gauge im this country, it could only be 
advantageously applied to exceptional cases. 

Mr. T. E. Harrison said, he entirely agreed, that it would be absurd 
to say, because this narrow gauge had heen succesful in its application 
in a partioular state of things, therefore it was applicable generally. Тһе 
particular case where it was applied was one in which the main traffic of 
the line was in slates, and the trucks were taken to where the slate was 
quarried, and where no large wagon could go. Theslate was unavoidably 
brought down inclined planes in narrow wagons; and if the gauge of the 
main line had been broad, must have been reloaded into broad да 
wagons. At Portmadoc the slates would have to be again transferred 
from the wagons to the ships alongside the quays: this narrow gauge 
was therefore the best means of conveying them to the port of 
shipment. As to the mode adopted for the conveyance of paseengers, 
no doubt it was.ingenious, and people travelled on the line with a 
deal of comfort; but the works were so narrow, that when the train was 
standing still in a cutting, а passenger could hardly make his way past 
the edges of the carriages. That was not a railway which could be 
taken as a sample of what was desirable. It was а clever adaptation of 
а state of things which previously existed. and which had been designed 
with a different object, and as far as it went, it was exceedingly good ; 
but to suppose that the principle upon which it was constructed was to 
be applied to an unlimited extent where railways of the ordinary gauge 
existed, was a total fallacy. It was possible that thore were exceptional 
parts of the country where such a system might be adopted; but at the 
present moment such an instance did not occur to his mind. He knew 
there was an intention to employ the narrow gauge in other slate-quarries; 
but those were particular cases, and he thought, if the Institution gave 
its sanction, in any shape or way, to the extension of the system to 
general traffic, it would be leading the public in a wrong direction. 

Mr. Alfred Giles remarked, that it was some years since the battle of 
the gauges was fought, and he had scarcely cxpeoted a fresh campai 
to be opened in this Institution in favour of a 2-foct gauge. ‘The 
T-feet gauge was known to be too wide. Mr. Hemans had observed 
that the Irish gauge of 5 feet 3 inches was wider than was necessary, 
and Sir Charles Fox had seid, that if he had had his own way in India, 
he should have preferred to have laid the branch lines on the national 
gauge of this country instead of on the gauge of 3 feet 6 inches. This 
proved, that the old gauge was not far from tbe right thing. The 
advantages claimed for the narrow gauge were, firat, great facility in 
traversing sharp curves; secondly, economy in construetion; and 
thirdly, the use of lighter rolling stock. The first two points had already 
been disposed of. He remembered seeing in Paris, some years ago, а 
little railway with a gauge of 4 fect 8} inches running in a circle, the 
radius of which, he believed, was only 26 métres. Но had seen trains 
run round that line with great facility; and if that were во, where was 
the necessity for making a 2-feet gauge to save a little in the radius of 
the curve? It was stated that the least curve on the Festiniog line had 
a radius of 2 chains, or about 40 métres. Ав ќо first cost, it had been 
shown that the economy could result only in a little shortening of the 
sleepers, and a little saving of ballast. This could not be put down at 
more than £300 a mile. Then as to the weight of the rolling stock, 
credit was claimed for the engine bcing only 74 tons woight; there was 
no reason why an engine of similar weight (plus a little extra for the 
longer axles) could not be applied to the ordinary gauge. But it had 
been asserted, that the weight of the rolling stock was increased as the 
cube of the gauge; if that were the case, the weight of the Great 
Western broad-gauge engines should be 343 tone. Looking at all these 


264 


circumstances, it was clear that the national gauge was nearly the beat 
that could have been chosen. On an ordinary road, where there was no 
limit as to gauge, carriages had а width of about 4 feet 6 inches, and 
even the smallest cart was wider than 2 feet; he hoped, therefore, that 
engineers would not adopt the idea that the 2-feet gauge was an 
example to be copied, when they knew, as had been remarked, that a 
break of gauge was a great publio inconvenience, 

Mr. J. J. Allport, having had many years’ practical experience in the 
working of railways, would offer but one observation upon this very 
narrow gauge. For reasons which he would state, he was of opinion 
that it would be most objectionable to attempt to introduce it into the 
country generally. With respect to the existing broad and narrow 
gauges, it was well known to all practical men, that ibe weight of a 
train on the narrow gaugo was as great as on the broad gauge, or rather, 
that engines could be constructed to take as great weights on the narrow 
gauge as on the broad gauge; and if engines were made much heavier 
than at present, various diffloulties, such as of wear and tear, would 
arise. But there was one difficulty greater than all: the principal part 
of the work of a train was at the stations, in the loading, unloading, and 
moving of trucks and carriages from one part of a station to another, 
across turn-tables or traversers; and апу one who had had experience 
at a station worked upon the mixed gauge, or solely upon one or other 
ofthe gauges, must have been struck with the great additional e: 
in working tbe broad-gauge plant at the stations. It was not difficult 
for в couple of men to move a narrow-gauge truck or carriage to any 
pert of the station ; but to shift the broad-gauge plant, horses must be 
employed. The capacity of the goods wagons and coal trucks upon the 
narrow gauge had been gradually increased from about the size of the 
Newcastle chaldron of 2 tons 12 owt. up to 8 tons, 9 tons, and 10 tons, 
for the load ; but, he thought, all narrow-gauge managers had come to 
the conclusion that, from 8 tons to 9 tons, for trucks was the maximum 
load that should bo carried on the narrow gauge, with a due regard to 
economy and safety. If that weight for the load was exceeded, tho 
wagon itself had to be made во much heavier, and then the friction was 
considerably increased, causing hot axles and other objectionable results, 
so that it was not uncommon to вее these heavy wagons standing under 
their load, at various sidings and stations, and waiting to bo repaired, 
On the Midland Railway there were between 17,000 and 18,000 coal 
trucks at work; for a long time the capacity of these trucks was 
limited to 6 tons: now the capacity had been increased to 8 tous; but 
the Company did not approve of greater capacity than that. He was of 
opinion, that for all practical purposes the gauge of 4 feet 8) inches was 

е best, and superior to eitber the broad, or the narrower gauge. But 
there was another important consideration: if a very narrow gauge 
were adopted, it could only bo on branches connected with main lines. 
That would involve, in all cases, trans-shipment of passengers, goods, 
and coals, at the junctions; and, in itself, would cause a greater annual 
expense than the interest upon the increased fret coat of the line upon 
the uniform gauge of the parent lines, both in the purchase of land, and 
the construction of rolling stock. That wos a fatal objection to the 
introduction of any gauge, other than that of the line with which these 
branches were connected. Не had по doubt than іп а very few years 
the gauge of 4 feet 8} inches, as being the best adapted to the commercial 
wants of this country, would be the only one in use. 

Mr. Zerah Colburn said this paper raised the question, how small could 
a locomotive be made to give practically useful work? Іп 1852 the 
contractor for a portion of the works on the Great Western Railway of 
Canada employed the steam excavator, which no doubt many prosent 
Һай seen in former days on the Eastern Counties line, For that purpose 
he proposed to lay the temporary line on the 3 feet 3 inches gauge, and 
wagons were built to hold each 15 cwt. as a load, Mr. Colburn designed 
and built a small 4- wheel tank engine for working these wagons, and six 
other similar engines were afterwards built, The tauk was placed under 
the boiler between the frames, and as the gauge was so narrow, the fire- 
box was placed behind the driving wheels, and to correct the overhanging 
weight the tank was carried as far forward as possiblo. These engines 
weighed 6 tons only, with fuel and water, and could be easily taken 
apart, for carriage over common roads, into three principal portions, of 
which the heavicst weighed hardly more than 2 tons. Tho cylinders 
were 9 inches in diameter, with a length of stroke of 16 inches; and the 
wheels, of 3 feet diameter, were placed 4 feet 6 inohes apart from the 
оаа The engines worked well, although of course only at muderato 
speeds. 

Mr. James Brunlees knew the Festiniog railway well, end though he 
did not question the success of working locomotives on so narrow a gauge 
mechanically, he much doubted its success commercially. On the other 
hand, he believed that, beyond a certain limit, the wider the gauge, the 
less would be the dividends: he looked upon that as ап established 
fact. бошо years ago he constructed a narrow gauge line from Port- 
madoo to Gorsedda, the length of which was 8 miles, and the gauge 3 
feet: the total rise in the 8 miles was 900 fect, and the cost per mile, 
including land, was £2,000: the sharpest curve had a radius of 400 feet 
and the down loads were worked entirely by gravitation ; but passengors 
were not carried on the line ; and although he had advised this line to be 
made on a narrow gaugo, he was not prepared to recommend its further 
adoption, unless for excuptional purposes, or for purposes similar to the 
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onein question. The want of uniformity of gauge wasa great drawback 
to traffic in many parte of this country, and hence any departure from 
the ordinary gauge would perpetuate and augment that drawback, 

Mr. Galbraith said, there was one principle involved in the paper 
which had been lost sight of in the question of the gauges; that was— 
was there no room in this country, particulary in the agricultural 
districts, for cheaply construoted railways on the gauge of 4 feet 84 
inches? He thought there was. There were many casea where, by 
adopting sharp curves and a light permanent way, with light engines 
and level crossings at publio roads, a railway might be laid down for 
£4,000 or £5,000 per mile, which would pay a fair dividend upon the 
outlay; and he hoped it would be impressed upon the members of the 
Board of Trade, that in respect of branob lines, on which the traffic was 
light, they ought to relax the stringent requirements with respect to 
expensive permanent way, and costly works to avoid level crossin 
He had been engaged in laying out a line in Devonshire, of the 
character he suggested. If beavy earthworks and bridges were to be 
encountered, it was impossible that the line could be constructed to pay 
& dividend at all. Jn parts of Devonshire there were small public roads 
the traffic on which did not exceed two vehicles or three vehicles per 
day. To maintain, at a heavy cost, the principle of avoiding level croas- 
ings in such cases was, he thought, unwise. In many cases, railway 
companies erected cottages along the line for the plate-layers to be near 
their work; and there could be no objection to the wives of the men 
attending to the gates at such level crossings, in consideration for living 
rent free, He thought ourves of 10 or 12 chains radius, and level 
crossings whore the publio traffic was light, might be fairly admitted on 
branch lines, which, when constructed at £4,000 or 5,000 a mile, might 
be made to pay а dividend. In such cases, a light rail of 401be. or 60 lbs. 
to the yard might be laid down, which would carry the ordinary 
carriages, if not the ordinary engines; but for short branches of 10 miles 
or 12 miles, one engine or two engines migbt be specially provided by 
the company, to work the branch alone. Sucha plan as that was far 
preferable to an exceptionally narrow gauge causing a break between the 
branch and the main line, and the consequent trans-ahipment of the 
traffic, and the supply of fresh plant in the shape of carriages and 
wagons to work the traffic when во transferred. ‘This question having 
been now fairly raised, he thought it was а point which ought not to be 
lost sight of, and which was well worthy of consideration. 

Мг. Peter Barlow said, that though he was not of opinion that the 
gauge of 2 feet was expedient, or that any gauge at all approaching it 
was correct, yet he considered, that the same gauge could not be suited 
to every description of traffic. The gauge adapted to the costermonger'a 
cart would not answer tor Pickford’s vans, and the gauge of ocean 
steamers would not suit the penny boats on the Thames. Не thought 
the coat of constructing a line was very little influenced by the width of 
the gauge; but was rather influenced by the width of the carriages. ‘1% 
was desirable that a uniform gauge should prévail all over the country, 
and good reasons ougbt to be shown for deviating trom tho established 
gauge. At the same time he hardly conceived it was a yauge suited to 
all circumstances, and cases might arise in which the local trafic might 
be better provided for by a narrower gauge. What led him to think eo 
was the result given by the Author, wbo had shown that an engine 
weighing only 74 tons could take a load of 50 tons up а gradient of 1 in 
60. On the metropolitan lines, engines of 40 tons were often employed 
for leas loads; but the exigencies of a metropolitan traffic required 
frequent and light trains, with power to get rapidly into speed, and thus 
resembled the case of the penny boats on the Thames. He agreed with 
Mr. Gregory that there was little economy in the construction of these 
exceptional gauges, and he thought what was done upon the 2 feet-gauge 
might possibly be done upon the gauge of 4 feet $4 inches. Still the 
fact of what had been performed by the locomotives on Ше Festiniog 
line was worthy of attention, and he thought the Institution was much 
indebted to the Author for having brought the subject torward. 

Sir Cusack Roney had seen the gauges of Canada and the United States 
andh adtravelled upon continental lines in various parts of Europe. Не 
had also had tho opportunity of seeing the working of many branch 
lines, aed he was thoroughly convinced of the desirability of a uni- 
formity of gauge іп all oases, between the branches and the main lines, 
He considered that the gauge adopted in this country was the correct 
and really practicable one. In most parts of Europe he had met with 
nothing but the narrow gauge: with one exception—where the line 
was worked by horse-power. 

Mr. Robert Mallet begged to offer one or two observations in 
explanation. He had not intended to aay, that in choosing a gauge the 
choice depended uport the purely разно considerations he had brought 
forward, but, on the contrary, that the choice of gauge must depend upou 
prudential conditions, and, amongst other things, pasig upon the 
question of traffio. To put ап obvious example : the whole traffic 
were to bo of cubes of granite, or other stone, each of 20 tons weight, a 
railway of even more than 7 feet gauge might not be sufficient. Thus 
at the harbour works at Holyhead the contractor's gauge was 9 feet or 
10 feet, being employed for the transport of blocks of 16 tons. But for 
certain conditions and amounts of traffic, a narrower gauge then 4 feet 
83 inches would not only be sufficient, but would be found the most 
economical and advantageous. What he bad stated with reference to 
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gauge was, that it wasa general physical fact, that both the first cost 
of the works, and of the rolling stock of any similar railways, and also 
the working expenses for the haulage of any total of traffic, must 
increase with the width of the gauge, and as a high function of it, and 
that this function would probably be very nearly in the ratio of the cube 
of the gauges. English railways with a gauge of 7 feet, and those with 
a gauge of 4 feet В) inches, could not be compared, in those respects, not 
being similar eitherin way, or in rolling stock ; thus, as respected the 
wheels and axles, those of the Great Western were rather lighter; being 
obviously weaker than those used on the narrow gauge, and having only 
the same width of tread. Іп the case of the раве carriages, ав а 
whole, he found the bodies were nearly of the same breadth on the 
narrow gauge as on the broad, on the former the overhang was greater. 
It was thus impossible to establish any ratio whatever between the 
width of gauge and rolling stock, where there was no similarity of con- 
struction on the two different gauges. З 

With respect to the remark that ifthe width of the gauge were ‘nil’ 
the cost of working would be also ‘nil,’ it should be remembered, that 
on such an assumption the traffic also became ‘ nil’ at the same moment ; 
so that while the mathematical deduction might be true, it did not in the 
least touch the question of the relative economy of the narrow and the 
wide gauges. 

Mr. George England said, he did not for a moment apprehend, that 
the narrow gauge of the Festiniog railway was regarded as having been 
brought forward as a pattern for universal adoption. That line had 
been made fifteen years, and it was not originally contemplated that it 
would ever be worked by locomotives. During the time that tho 
traction was performed by horses, the owners were satisfied, both with 
the mode of traffic and the dividend the line yielded; and it was only 
when another Company wished to take a wider gauge into the district, 
that the working of so narrow a gauge by locomotive power was 
determined upon. It was done solely іп sclf-dence: and he was applied 
to, to carry out the object of drawing a load of 25 tons up an incline of 
lin 60 at the rate of six miles per hour. The first engine that was 
started took a load of 50 tons up the line at the rate of 12 miles per 
hour. That was simply the statement that the Author hed brought 
before the Institution. Toe line was 14 miles long in the incline: the 
‘wagons were taken into the slate quarries, and the locomotive was only 
adopted in order to suit local circumstances. 


The valuable paper on the Festiniog Railway, which appeared 
in our last number, was read by its author, Captain Tyler, R.E., 
before the Institution of Civil ineers, and the foregoing dis- 
cussion thereon will be read with interest. 


— 


MANCHESTER ASSOCIATION ror rue PREVENTION 
OF BOILER EXPLOSIONS. 


Тнв ordinary monthly meeting of the executive committee 
of this association was held at the offices, Corporation-street, 
Manchester, on the 31st of July, 1866, William Fairbairn, 
C.E., F.R.S., LL.D., President, in the chair, when Mr. L. E. 
Fletcher, chief engineer, presented his report, of which the 
following is an abstract :— 

* Dunng the last month 182 engines have been examined, and 
340 boilers, as wellas two of the latter tested by hydraulic 
pressure. Of the boiler examinations, 201 have been external, 
10 internal, and 129 entire. In the boilers examined, 87 defects 
have been discovered, 7 of those being dangerous. 

“ Corrosion — Internal.—Some corrosive waters not only waste 
and indent the surface of boilers internally, but also destroy the 
vitality ofthe metal, so that the edge of the overlap may be cut 
s with a few slight blows with the hammer, and the rivet 
h knocked off with a hand chisel only, and easily pulverised. 
Such was the character of the defects found in one of the boilers 
examined during the past month, which was at once laid off by 
the owners, and condemned as soon as its condition was pointed 


out by the association. The above shows the importance of | 


carefully testing corroded rivet heads with a hammer. 

** Corrosion—External_—Both the dangerous cases referred to 
in the table arose from leakage at the joints of boiler mount- 
ings, in consequence of their being bolted to the shell instead of 
rive The plates were so eaten away that inone case the 
пир scraped a hole through with his chisel, while this 
could easily have been repeated in the other. One of the 
mountings was a cast iron man-hole mouth-piece of somewhat 

size, and as the corrosion extended in a groove all round 
it the boiler was clearly unsafe to be worked, and was imme- 
diately laid off. This encircling groove was not very casy of 
detection, since, although nearly eating through the plate it was 
only three-eighths to halfan inch wide, and lacet buried under 
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the edge of the casting, added to which it was filled up with tar 
with which the boiler had been coated. There may be others 
in & similar condition for which this may be a caution. All 
mountings, instead of being bolted to boilers, should be attached 
with suitable fitting blocks rivetted to the shell. ? 
руса of Water.—This arose at night time when the fires 
were ed up, from the attendants omitting to close the feed 
stop valve, there being no self-acting back-pressure valve, and 
the feed inlet being below the furnace crowns. The importance 
of every boiler being fitted with a good self-acting feed back- 
pressure valve, as well as of tho fecd inlet being above the level 
of the furnace crowns, has been frequently pointed out in pre- 
vious reports. The furnace crown was fitted with one of those 
fusible plugs in which the alloy is in the shape of а washer 
about the size ofa penny-picce, having a copper button in the 
centre of it. This did not, however, prevent the plates becom- 
ing red-hot. The plug did not put out the fire, or, properly 
speaking, go off at all. A little piece of the alloy melted away 
on one side and allowed a slight escape of steam, which for- 
tunately attracted the attention of a workman, who at once ex- 
amined the boiler and found the furnace crown red-hot. 


TaBcLAR Втатвмвит оғ ExPLOSIONS FROM Јоха 23, TO JULY 27, 1866, INCLUSIVE. 


Pro ive 


No. for 1866 Date. 


General description of boiler. 


83 July 2 | Plain cylindrical egg-ended 
xternally fired ie m 
34 July 16| Particulars not yet fully ascer- 
tained ... .. .. = 


Total m 


* No. 83 explosion occurred at & colliery at half-past three 
o'clock on the morning of Monday, July 2nd, and resulted in the 
loss of four lives. 

** The boiler, which was not under the inspection of this asso- 
ciation, was of the plain cylindrical externally-fired class, its 
length being 30 feet, its diameter 6 fect, and the thickness of 
the plates three-eighths of an inch, while the pressure at which 
the safety valves were loaded was 301b. per square inch. From 
the evidence given at the inquest it appeared that the boiler was 
nine years old. was set with a ты flue, fed with hot water, 
and had been cleaned and repaired, when five new plates were 
put in, but a week before it burst. Also that at the time of the 
explosion the boiler had plenty of water in it, and that the 
pressure of the steam did not exceed 27 lb. on the square inch ; 
while, on subsequent examination, the plates were found to be 
of good quality, and to present no evidence ейһег of flaws or of 
having been over-heated. The engineer to the colliery, who 
stated that he had held the position for sixteen years, was ‘уе 
well accustomed to boilers,’ and had the superintendence of 
the enginemen, gave it in evidence that he could not in any way 
account for the explosion, and thought that there must have been 
something more powerful than steam to produce it. The jury 
brought in a verdict that ‘the four lives were lost by the explo- 
sion of a boiler at the colliery, but what caused the explosion 
there was no evidence to show.' 

* Such evidence and such verdicts, though but too common, 
аге not only unsatisfactory but positively mischievous, and can 
only tend to perpetuate explosions, as is shown by the occurrence 
of the one under consideration. But five weeks before a very 
similar explosion occurred to another colliery boiler belonging 
to the same proprietor and under the superintendence of the 
same engineer; while at the inquest evidence to the samo effect 
as that just described was given by the superintending engineer, 
the smith who had re iied the boiler, aud the engineman, all of 
whom considered the bursting of the boiler to be unaccountable, 
so that the jury gavo it in their verdict that ‘what caused the 
explosion there was no evidence to show.’ The tendency of such 
evidence and verdicts to reproduce rather than to prevent these 
disasters was pointed out in а previous report in the remarks 
on this explosion, which ranks as No. 24 for the present year, 
though it was hardly expected that they would be corroborated 
by a second explosion at the same works within the short space 
of five weeks. 

“ As long as explosions are considered to be altogether опас» 
countable by those who have charge of the boilers, and this view 
is indorsed at coroner's inquests, it will be seen that nothing is 
done for their prevention, and boilers similarly dangerous to 
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those which have exploded will be worked on till other explo- 
sions occur and more lives are lost, when at the inquests the 
same stereotyped evidence will in all probability be repeated, 
viz.: That the boilers were very good, very strong, and perfectly 
sound; that the explosions were altogether unaccountable and 
could not be helped. 

“There is nothing, however, either unaccountable or unavoid- 
able in these explosions. The majority of those at collieries arise 
simply from the use of plain cylindrical externally-fired boilers, 
which, as has been repeatedly pointed out in previous reports, 
are so dangerous and treacherous as to be entirely untrustworthy. 
Every fresh explosion which occurs to this class of boiler is an 
additional illustration of this. The two explosions recorded in 
last month’s report both took place very shortly after the boilers 
had been repaired and passed as sound, one of them having been 
cleaned and examined but the тет day before it burst, while 
the boiler in the present case worked but five days and 
nights since being repaired and cleaned, when it is stated that 
the boiler was found perfectly sound and considered safe. This 
treacherous class of boiler should be discarded altogether, and 
until this be done these so-called unaccountable and unavoidable 
explosions will continue to recur as at present, with their at- 
tendant loss of life month after month. 

* Several explosions, the particulars of which have not yet 
been reported, have occurred during the last few months to 
internally-fired single-flued or Cornish boilers, all of which 
might have been prevented by strengthening the furnace tubes 
with encircling hoops or flanged seams. The particulars of five 
such explosions may now be given, while two others have been 
Peportel to me which, there is little doubt, arose from the same 
cause, but sufficiently full details have not yet been received 
to enable me to speak quite positively. Not one of the boilers 
in question was under the charge of this association. The five 
explosions referred to are Nos. 34, 104, ll, 17, and 26, while 
the details are as follows :— 

“No. 34 explosion, which resulted in the loss of a life, occurred 
on the afternoon of January 9th, at а saw-mill, to a boiler 
28 ft. long, 6 ft. 6in. diameter in the shell, and 3 ft. 6in. diameter 
in the furnace tube, which was made of four plates in its cir- 
cumference, three of which were three-eighths of an inch in 
thickness, and the fourth seven-sixteenths of an inch, the 
ordinary working pressure being 451Ь. per square inch. The 
boiler was in pee condition and well equipped with mountings, 
while the plates of the furnace tube are reported not to have 

resented the slightest appearance of having been overhcated. 
tt seems that the engineman had noticed, on several occasions 
when getting up steam, certain vibrations in the tube, and 
imagining that these arose from its deflection consequent on its 
weight, hung it upto Ше top of the shell by a couple of stay 
rods. These, however, proved of no avail. The furnace tube 
collapsed in an inclined direction, midway between the vertical 
and horizontal. Had encircling hoops been added to the tube, 
шаі of the stay rods, the explosion would have been pre- 
vented. 

“Хо. 10a explosion pened at a quarter before twelve on 
the mornin, of Monda Р Въз 26th, to a boiler employed at 
а currier's factory. Fortunately no one was killed, and only 
one person injured. The boiler, which was a second-hand one, 
had just been re-set, and been at work buta few hours before 
the furnace crown collapsed, on which the steam and water 
rushed out from the rent and did considerable damage to the 
surrounding property, reducing the boiler-house and adjoining 
sheds to а wreck, and scattering the débris to в considerable 
distance. The length of the boiler was 21ft., the diameter of 
the shell 5 ft., and of the furnace tube 2 ft. 11 ш., the thickness 
of the plates being three-eighths of an inch, while the pressure of 
the steam on the square inch shortly before the explosion was 
641b. A furnace tube of such dimensions, ритат when not 
perfectly circular, is quite unfit to be worked at as high a 
pressure as this one was, viz., 641Ъ., and all similar boilérs 
should at once be strengthened, or they will only be worked at 
the risk of failing in the same way as this one did. 

“ No. 11 explosion happened at a mine on Saturday, March 3rd, 
and resulted in the death of one man. The boilerwas 31 ft. 9 in. 
in length, and had a diameter of 5 ft. 9 in. in the shell, and 3ft. 8 in. 
in the furnace tube, the thickness of the plates being three- 
eighths of an inch, and the load upon the safely-valve 401Ъ. on 
the square inch. The tube collapsed laterally, from which it 
appears probable that it was not truly circular; but, even if it 
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had been, such a flue could not be prudently worked at a 
pressure of 4015. onthe square inch unless strengthened with 
encircling hoops, or other approved means. 

“Мо. 17 explosion, which was of a much more disastrous 
character than either of the preceding, resulted in the death of 
five persons, as well as in injury to five others, occurred at ten 
minutes past six o'clock on the evening of Wednesday, April 4th, 
at а tin-plate works. Іп this instance not only did the tube 
collapse, but both ends of the boiler were completely torn away, 
the body of the shell being blown in one direction and & con- 
siderable portion of the furnace tube in another, while the 
p of the works were seriously damaged, the roofs dis- 
mantled, and the whole thrown into utter sion. The 
length of the boiler was 30 ft., the diameter of the shell 7 ft., and 
of the furnace tube 4 ft., while the plates were seven-sixteentha 
of an inch in thickness, and the pressure of the steam 431b. per 
square inch. 

“This pressure, in the absence of any strengthening rings, 
was excessive for such a tube, and more icularly во if at all. 
out of the circular shape, which is generally the case in those of 
во large a diameter, unless of first-class workmanship, which 
could hardly be expected to be met with in a boiler еш the 
locality in which this one was. 

* At the inquest some rather curious views were expressed. 
An application to the Board of Trade for a government E 
to assist in the investigation had met with a refusal, coupled with 
the suggestion that the coroner should, if he considered it neces- 
sary,obtain the assistance of some duly qualified engineer in the 
neighbourhood. This, however, the coroner stated to the jury 
he deemed unnecessary, since several of them were practically 
слее with the construction of boilers, ара able, he con- 
sidered, to get at the whole facts of the case themselves. One 
of the jurymen stated, for the information of his fellow jurors, 
that a furnace tube of a boiler would withstand the same pres- 
sure of steam as the shell, if only half its diameter and made 
of the same thickness of plate; and as in the boiler under con- 
sideration the tube в little exceeded half the diameter of the 
shell it was somewhat weaker, but that had nothing to do with 
the explosion. It need scarcely be said that this rule is as 
on ipia as itis false and dangerous. Another juryman under- 
took to estimate the precise per-centage of strength that farnace 
tubes lost from being overheated from shortness of water; while 
in the opinion of a third juror, if the plates became overheated 
the steam would oxidise the iron and blow up the boiler. The 
coroner stated it was clear the explosion had arisen from neglect 
in one or two ways, either in generating too much steam or 

iving the boiler too little water, but no one pointed out that 
the explosion arose from the weakness of the furnace tube, or 
called attention to the fatal defect in its construction of omitting 
pirengthenin rings, &c. The jury returned a verdict of 
‘accidental death, caused by the explosion of a steam boiler in 
consequence of the smallness of the safety valve, and thus 
closed the inquiry without having thrown any light on the true 
cause of the explosion, so that it is feared that in the neighbour- 
hood in which this explosion occurred makers will still continue 
to turn out unsafe boilers, and firemen to attend to them in 
total ignorance of their danger. 

“ No. 26 explosion took place at a mineon Monday, May 28th, 
one person being killed and three others injured. 

“The boiler was of the single flue internally-fired Cornish 
class, its length being 30 ft. 8in., its diameter 6 ft. 8in. in the 
shell, and 4ft. in the furnace tube, some of the plates of which 
measured seven-sixteenths, and others from that to three-eighths 
of an inch in thickness. There were two safety valves on the 
boiler loaded to a pressure of 4015. on the square inch, one 
glass water gauge, and two gauge taps. 

* The internal flue tube collapsed from one end to the other, 
with the exception of about 4ft. at the front end over the fire, 
where the tubo retained its original shape almost uninjured, the 
collapse taking place in a vertical direction, the crown flattening 
down to the bottom of the flue, while about 8ft. of the tube at 
the back end of the boiler was severed from the remainder and 
thrown to a distance of about thirty yards, the shell, with the 
other part of the flue tube, weighing about nino tons, being 
thrown in an opposite direction Tor about seventy yards. At 
the moment of explosion the сараа was standing, апа had been 
doing so for twenty minutes, the dampers being shut, and the 
steam it is reported blowing off gently; while the attendant, 
who is stated to be a trustworthy and perfectly competent work- 
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man, says that when the engine stopped there were Qin. of 
water in the glass ; and, also, that he tried the top gauge tap.' 
“A good deal of discussion has arisen as to the cause of this 
explosion, and it has been attributed, as usual, to shortness of 
water. Had this been the case the plates of the furnace crown 
immediately over the fire would have been the first to have 
piven way, whereas, as already stated, the tube failed at the 
ack end, and retained its original shape at the front, added to 
which the ‚tube was of such dimensions that it could not be 
prudently worked at so high a pressure as it was, so that it is 
thought there is no reason to doubt that the explosion arose 
from weakness of the internal flue tube, and not from shortness 
of water. It must not be forgotten that, when an engine is 
standing and the safety valves are blowing off, as was the case 
in the present instance, that the steam pressure will always 
exceed the load on the safety valves more or less, and it must 
again be repeated that it has a most important influence on the 
strength of internal flue tubes, whether they be truly circular 
pr not; which is a consideration too much lost sight of, while it 
explains the apparent anomaly of one boiler exploding and 
another of. АЕ dimensions working safely. bes made 
with plates overlapping can never be truly circular. Many of 
those now under inspection are made without any lap at all, the 
ends being welded or else butted with a joint strip, so as to 
accurately maintain the circular рава ‘Also a belt of T iron, 
welded про в solid hoop, is introduced at each ring seam of 
rivets. With this arrangement plates three-eighths of an inch in 
thickness, instead of those seven-sixteenths or half an inch, are 
found to be ample, and to be perfectly safe at a pressure of 601b. 
per square inch or even higher. Had this arrangement been 
ure in the present instance the explosion would not have 
ppened. 
T is feared that in the district in whieh this explosion 
occurred many boilers of very similar proportions are at work, 
and under these circumstances it is no kindness to the steam 
user and especially to the poor fireman, to enunciate half truths. 
It must, therefore, plainly be stated that all such boilers are 
dangerous, that they should be immediately stopped and the 
furnace tubes strengthened. This, in some cases, may be done 
in place by the addition of angle iron hoops; while in others, 
where the furnace tubes are much out of the circular shape, it 
might be better to remove them altogether." 


———9————— 


ON THE SCULPTURE IN WESTMINSTER ABBEY, 
Bx Рворкввов УҒ квтмасотт, R.A. 
(Conoluded from page 220.) 


I wiLL now refer to some of those productions which claim 
attention for such art qualities as they exhibit when they are 
employed for а higher purpose than mere architectural orna- 
ment. This is in illustrating scenes in Scripture or other 
history, and it then comes under the class of “subject” 
sculpture. Though there are works іп the Abbey of an earlier 
date than those now to be brought under notice, there are none 
of greater interest, in their way, than the series of stone relievi 
which decorate the screen on the west side of the chapel of 
Edward the Confessor. They comprise 8 variety of subjecta, 
realand imaginary, in the life of that pious monarch, derived 
from a chronicle written by Alfred, an ecclesiastic of the time of 
Henry II. This record was presented by its author to that 
prince in the year 1163, when, after his canonization, the remains 
of the Confessor were removed into a new shrine. The subjects 
are fourteen in number, and they are separated from each other 
by trefoils, rudely formed by а running ribbon. The whole 
length of the sculpture is 38 ft. 6 in., s ft. in height. The 

rincipal figures are about 1 ft. high. e relief is very bold, 

e irregular concave ground being much hollowed out behind. 

There is no evidence to assist in settling the disputed question 
of the date of this curious work; and it is from circumstances 
only, connected with other ercctions in this part of the Abbey, 
that any probable conclusion can be arrived at. It is now 

enerally attributed to some time in the reign of Henry VI. in 
the fifteenth century. It was notlater than this, and reasons 
might be adduced for giving it a somewhat earlier date. This, 
however, is not a matter of any great importance; for the few 
years only, of less or greater antiquity, would not materially 
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affect the interest that attaches to the work ; and this consista 
rather in its being “ subject,” or illustrative, sculpture than in 
any merit it possesses as a work of art. The execution is ex- 
tremely rude. The figures are short and thick, ill proportioned, 
and utterly deficient in anatomical correctness. Of course it is 
impossible to judge of the expression, as the surface is every- 
where greatly injured, but the stories or incidents are told ш 
the most primitive and clumsy manner. This frieze, which in 
its time, must have bcen considered a production of no slight 
pretension, both from the position it occupies, and the subject 
treated, shows the very low condition of art in England, at four- 
teen hundred years after Christ. So far from exhibiting anything 
like progress or development, it literally is suggestive of 
retrogression ; for it is, in every respect, inferior in art-qualities 
to sculpture near it, of a much earlier date. It is curious to see 
how little care was pad to what may be called keeping in these 
designs. In two of the subjects a church is represented ; one 
refers to a miracle operated on an occasion of the king receivin 
the sacrament, when, it is recorded, the wafer was converte 
into the figure of a boy, who gave his benediction to the Con- 
fessor and his attendant. The other is said to represent the 
dedication, by himself, of Edward the Confessor's church. In 
both instances the church is in a style of very advanced Gothic 
unknown till at least three centuries after the Confessor's death. 
Although these works can take no rank as good art they have 
an interest of another kind. They are valuable as illustrations 
of the condition of art; but they have a further claim to atten- 
tion as exhibiting the tone of feeling of the time. The traditions 
of the holy life and experiences of the Confessor were thoroughly 
believed in; and here art is exercising its true mission in giving 
expression to ideas that were familiar and dear to popular 
feeli Without entering into the measure of truth attaching 
to Abbot Ailred’s chronicle, sculpture is here employed in one 
of its most legitimate functions, especially, as in this case, in 
association with a sacred edifice. Rude and incomplete as it is, 
this work may justly be referred to as a mode in which subjects 
of similar importance and character might be effectively and 
advantageously presented in the decoration of Christain churches. 

In another part of the Abbey, between this (Henry VII.’s) 
chapel, and the chapel of the kings, аз it is called, is another 
very interesting work of a somewhat similar character, though 
the subjects in it are fewer. This is the screen of the shrine of 
He: .. The decoration consists chiefly of statues in niches, 
but there are groups of figures in two compartments, which 
come legitimately within the category of subjects. One is a 
coronation, comprising several figures, with the king seated in 
the centre. It is right that attention should be directed to their 
treatment. That on the north side is by far the best; but here 
again the sculpture is extremely rude, and exhibits no true 
feeling for art. -In other parts of the church—for instance, 
in some spandrels of the chapel of St. John—there are 
also examples of what may be classed as subject-sculpture 
(as distinguished from mere architectural decoration), which 
ully bear out the above remarks as to the rudeness of the art of 
the time. The more important one may, probably, be a repre- 
sentation of our Lord giving judgment at the Resurrection. 
The centure figure of the Saviour, if this interpretation be 
allowed, is represented seated, and is of атра proportions than 
those near him. The left hand appears to be raised; the right 
is broken off. The figures behind him are variously employed. 
One seems to have a pastoral staff; another, as far as it can be 
distinguished, is 10 licating: there are three on each side. 
Another spandrel е bits a draped female standing on a dragon, 
the hands are placed together on the breast, as if in prayer. 
Behind her appears to be а cross. Sheis surrounded by foliage, 
and on one side is a second dragon. This design may te 
intended to represent the Virgin treading the dragon under 
her feet. The arches of the spandrels spring from human 
heads. From what remains of the figures, draperies, and com- 
position of these designs, the art exhibited is of a very rude 
quality. The figures want proportion, and they are rather 
Бекер than arranged in the space they are stale to occupy. 

о of them in the larger composition аге falling on their beste 
evidently to acsommcdate them, in the usual Gothic mode of 
treatment, to the curve of the arched moulding against which 
they are placed. Of the details it is impossible to give any 
opinion, owing to the injury to the surface of the work; but 
beyond their use in filling in and enriching the space occupied 
by them, they evidently have but little claim to attention. 
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There is a class of subject-sculpture especially associated 
with what may be called ecclesiastical decoration, which may 
not be entirely overlooked in this paper. Strange to say, itis 
only found in religious buildings; and yet it is usually of a 
character that renders it quite unfitted for such application. 
This is in the incidents chosen for the ornaments of stall-seats 
and brackets, and especially in gargoyles and drip-stones, where 
the jealousy that existed between the regular and the secular 
clergy was shown in the grotesque and often highly indelicate 
carvings in which one body satirized the other. It is difficult 
to understand how the representation of such coarse buffoonery, 
and even of the most scandalous subjects could be permitted by 
those who controlled church decoration; ata time, too, when 
some ardent admirers of medimvalism insist that the most 


exemplary religious and pious impulse directed all art. It is 
thus breifly referred to in this place аза part of our subject, and 
because Westminster Abbey is not without examples of this 


strange and lamentable offence against propriety and good taste. 
It may be added, however, that with very few exceptions, the 
instances found here are rather of the broadly humorous than of 
the indecent type. 

Before closing this subject, the attention of the meeting may 
be directed to the very remarkable series of statues that are 
found in the chapel of Henry ҮП. Here, indeed, may be seen 
works that, in certain qualities, may challenge comparison with 
the production of any school. They are of unequal merit; but 
the best of them are fine examples of the success of the medieval 
artists in treating pem and in the impressive simplicity of 
pose, in single figures. At the same time, they preserve all the 
distinctive eharacteristies of the Gothic school, so carefully and 
so curiously maintained during the whole period of its existence. 

The works referred to constitute a portion of the decoration 
of this exquisite architectural triumph of the sixteenth century. 
The nave of the chapel is divided from the aisles by four arches 
on each side, and similar arches divide it from five small chapels 
at the east end. Immediately under the arches, and extending 
entirely round the chapel, is a range of demi-angels, crowned, in 
high relief. They are rather grotesquely treated; some are 
draped, some are represented with their bodies feathered; and, 
generally, they have rich, curly hair. Their function is to 
support, on shields, the royal devices of Henry VII.—the rose, 
porteullis, fleur de lis, &c. Over these angels are octangular 
pedestals and niches, enriched with tracery and foliage, con- 
taining statues about 3 ft. high of saints, martyrs, and other 
venerable persons. There is here great variety of action and a 
fino feeling for art. The draperics especially are largely and 
grandly arranged. In the heads, also, there will be observed a 
remarkable attention to the proper expression, as well as to 
character and form. The action of the hands is, generally,well 
studied. When the naked form is introduced, as in the St. 
Sebastian, it is conventional, and as usual shows no intimate 
acquaintance with the study of nature ; but in all other respects 
these works possess merits of a very high class, and have justly 
been noticed by all the best judges of sculpture as examples, of 
their kind, thoroughly deserving carcful study and imitation. 
It may be noticed that though the statues in the nave average 
about 3 ft. in height, those in the chapels are nearly life size. 
They are arranged in threes, over five demi-angels. It is to be 
lamented that some of these interesting works have been injured, 
while some have been removed, and the niches and panelling 
destroyed to make vay for monuments ; as, for instance, those 
of two ducal houses of Buckingham ; of the respective families 
of Villiers, and Sheffield. The statues, of all sizes, employed 
in the enrichment of the chapel of Henry VIL., are said to have 
' amounted, originally, to nearly three thousand. Many of the 
nr ones, especially those in gilt metal, have, no doubt, been 
stolen. 


The Monuments. 


The earliest examples of sculpture in the Abbey Church of 
Westminster—and they are believed to be the oldest monuments 
in England—are seen on some tomb or grave stones in the east 
cloister. They are of abbots of the church. One of these is 
said to be of Vitalis, who died about 1082. Two others are of 
Crispinus, about 1114, and Laurentius, who died towards the 
end of that century. The effigies of these dignitaries, carved on 
gravestones, are represented in their robes. Thatof Vitalis has 
a mitre on his head, and in one hand are the remains of a pastoral 
stafl. The execution of these works is extremely rude, and the 
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relief very flat. They possess considerable antiquarian interest, 
bat they offer no peculiarities to arrest the attention of the lover 
of art. 

It may be observed here, that all the earlier monuments in 
which effigies appear are of ecclesiastics. This may, at first, 
appear strange, when it would seem to be so much more natural 
an] fitting that crowned heads, kings and queens, princes, or 

t nobles and knights, warriors and statesmen, should be so 
onoured, and not that such distinction should have been 
exclusively conferred on the clergy. But here is seen one of 
the great uses of monumental art, when it is exercised under a 
real and true impulse: it shows the character of its age. Тһе 
earliest Christian art, resembling in this impulse all the early 
monumental sculpture that exists, was employed exclusively in 
illustrating subjects of religious interest; and when applied as 
decoration on the tombs of holy persons or martyrs—prior to the 
representation of the deceased in an effigy—the subjects of the 
designs, whether paintings or sculpture, were always taken from 
Scripture or from some sacred tradition. The character of the 
art was rude, and examples often occur of the pagan subjects of 
the debased Roman schools being adapted to Chasing illustra, 
tion,—a new meaning being given them to fit them for this 
appropriation; but, however expressed, the motive was un- 
doubtedly religious, and such decoration was felt to bo the only 
proper accessory on the tombs of departed Christians. At first 
no personal or secular element was prominently put forth in 
such works. 

The cause of а change in this treatment as applied to monu- 
ments is not difficult of explanation. 

In the eleventh century, the period when the effigy of the 
deceased was first introduced, the Church exercised very t 
power, not only spiritual, but political. Its diguitaries Feld 
many of the highest offices of State, and the clorgy generally 
occupied the influential position to which their education and 
attainments—great indeed, compared with the universal ignorance 
of the laity of all ranks—justly entitled them. It is not, there- 
fore, to be wondered at, that the most eminent of its members 
should, on their decease, receive marks of honour at the hands 
of their brethren, especially, too, when these could be conferred 
upon them in the very edifices in which they had held the 
highest offices. There was, also, a great it de corps in the 
members of each foundation. Such memorials testified, in the 
first place, to the importance of the religious house, while the 
tomb of its bishop or abbot attracted attention, invited the 
devotion of the pious, and procured for the church itself many 
substantial advantages in the way of privileges and offerings 
from all classes of persons who frequented them, according to 
their position and means. It must also be borne in mind that 
all religious edifices were entirely and exclusively under the 
guardianship of the clergy. Ecclesiastics alone controlled every- 
thing connected with the arrangements within the building. 
some societies, it is well known, their own members were com- 
petent to act as architects, painters, and carvers, and often were 
the sole artists employed in the design and the decoration of the 
church, or monastery, or whatever it might be. It follows from 
this, that in erecting monuments of especial honour, the mem 
bers or chapter of a religious house would, naturally, first pay 
this mark of distinction to one of their own body ; and thus the 
bishop or abbot, or other high digni connected with the 
particular church would, when the practice of personal repre- 
sentation came into fashion, have his effigy placed over his 
grave. For а hundred years and more this character of tomb- 
monument seems to have prevailed. There is not an instance of 
even a royal effigy during this period, the first regal monument 
which is found in England so treated, being that of King John, 
in Worcester Cathe Its date is probably early in the 
thirteenth century, as John died in 1216. 

Though the previous strictly religious character of monu- 
mental sculpture, admitting only Scripture or sacred subjects in 
the accessories, was, as has been shown, invaded when the e 
of the deceased was represented, there still was a solemnity 
Tepose in the design of such works peculiarly appropriate to 
their place in a church, and to the intention of the memorial. 
The figure was represented recumbent, as though extended on 
his deathbed. Habited usually in the full costume of his rank, 
with his crozier or pastoral staff by his side, the chalice in his 
hand, or sometimes with the hands in the action of prayer, the 
bishop or abbot, or whatever his title, appearcd simply as the 
dead or dying Christian priest. It was в record, a memorial of 
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the individual—no more. There was no ostentatious display of 
worldly distinction and titles; no vain, boasting epitaph. The 
name only—and sometimes not even that—with a date, was in- 
scribed round the margin of the stone, and this was followed, 
occasionally, by a simple petition for divine mercy, or asking the 
prayers of the passers-by. 

е principle which is so conspicuously exhibited in these 
earlier works continued to influence monumental design when, 
subsequently, such memorials ceased to be confined to the 
clergy, and were erected to the noble and distinguished among 
the laity. The recumbent effigy of the deceased surmounted the 
tomb. The attitude was still extremely simple, and in perfect 
repose, excepting when the slight action of the hands, raised on 
the breast in prayer, showed how the departing spirit was 
occupied in its last earthly moments. Whether the figure was 
that of a prince, knight, or lady, it was dressed in the costume 
of the day; and it gives great antiquarian interest to these 
monuments to have the assurance that the effigies on them really 
represent the individuals whom they record in the dresses worn 
at their respective dates. In a number of instances in which 
tombs have been opened, the costume in which the deceased was 
buried has been found to correspond with that given to the 
sculptured figure. The monument before alluded to of Kin 
John, at Worcester, was examined late in the last century, and, 
allowing for the changes consequent upon its great age, the 
dress in which the body was entombed was dany identical in 
its forms with that sculptured in the effigy. 

The first regal monument in Westminster Abbey, in point of 
date, and having an effigy on it, is that of the founder of the 
present edifice, Henry ПІ, who died in 1272-3. The tomb was 
erected a few years later by his son and successor, Kin 
Edward I. The king is represented recumbent, crowded, 
habited in royal costume, with a mantle reaching to the feet. 
The head, with its crown of fleur de lis, rests on two small 
pillows. The long curls of hair fall from under this coronet ; and 
the face, which appears small and delicate, and is no doubt, a 
portrait, has a beard and moustaches. The action of the hands 
апарата that the figure may originally have held some object, 
probably sceptres, no longer remaining. The fect have shoes 
on them, enriched with a running pattern of diaper gilt. As 
late as 1681 there wasa lion against which the feet rested. 
This has disappeared, as well as some architectural decoration 
over the tomb. The material of this extremely interesting 
statue is bronze; and it is said, by Walpole, who does not, 
however, mention his authority, that it was considered the first 
example of metal casting in England. Both the statue and the 
table beneath are richly gilt, but the hard coating of dirt that has 
been suffered to accumulate over it entirely conceals this 
devoration. The Jatter is diapered with lozenges, each enclosing 
a lion passant guardant: this design may be plainly distin- 
guished near the pillows. There is great dignity in the simple 

of this statue, and the drapery 18 very gracefully composed. 

e workmanship and materials throughout are (мара акау 
The panels at the sides of the tomb are of polished porphyry, 
surrounded by a border or framework of mosaic, with сиво 
and coloured stones. At each corner there are twisted columns, 
similarly enriched with variously coloured marbles. The lower 

rtion, or base of the monument, still exhibits the signs of its 
огшег lavish enrichment, іп its lozenges of green jasper, and 
the remains of elaborate ornamental carving. It is said that 
Edward had the precious stones employed in its decoration 
brought from France in 1281. 

There is a peculiarity in the base of this tomb, which is 
worthy of remark. On the south side—that within the chapel— 
there are three sunk compartments. The centre one has a 
pediment supported by pilasters, with an architrave. The side 
recesses have trefoil heads. It is supposed that these recesses 
were used as “ ambries ” or lockers, in which sacred vestments 
or other objects, and possibly relics, were kept. At the back of 
each is a cross in masoic. n will be observed that the style of 
architecture exhibited in this work is of a very mixed character, 
and is highly suggestive of a foreign origin. It is known that 
one Pietro Cavalini was employed in the execution of this tomb, 
as well as that of Queen іа ог, and it is not improbable that 
this may fully account for the non-Gothic treatment of the 
architectural oro. of the design. 

The immediately adjoining tomb, also, in the Chapel of the 
Confessor, merits attention for the nup ан PUN and 
beauty displayed in some of its details. It is that of Eleanor, 
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the wife of Edward I. She died in 1281. The figure is recum- 
bent, habited in the royal costume. The hands are designed 
with the utmost grace, and there is а calm, gentle expression in 
the face, which is extremely touching. There has been & 
question as to the authorship of this very beautiful work, as 
well as the monument and statue of Henry III., and a patriotic 
desire has been shown to attribute them to native artists, but 
others, and Flaxman among the number, think that foreign 
sculptors were employed here on many of the works, and that 
the name of Torell, goldsmith, which occurs in a document of 
the time, should be Torelli. It may be so, but the expression 
* goldsmith” may refer to tho gilder of the bronze , and 
this may have been done by an Englishman. The best argument 
for believing that foreign artists were employed in the more 
important parts of these designs, especially in the Врв, is in 
the general inferiority of those decorative portions which would 
necessarily be executed by such workmen as could commonly 
and easily be found in this country; and the mention of 
Pietro Cavalini in a contemporary work gives strength to this 
opinion. This is a subject of very great interest to Englishmen, 
but it is not possible at this time to give it the consideration due 
toit. The occurrence of unquestionably English names in the 
documents connected with public works proves the existence of 
native artists; and itis natural that art-historians should en- 
deavour to show that some of the most interesting works of art 
were produced by native sculptors. In some of these, as at 
Wells, there certainly is no appearance of foreign interference. 
They are аз original in style as they are rude in execution. 

е next monuments especially worthy of remark for their 
sculpture, are in memory of King Edward IIL, his Queen 
Philippa, and two of their children. This king died in 1377. 
The royal effigy, of bronze, lies on a table of the same metal, 
and the whole has been richly gilt. In this statue there is 
evidence of great care in the portraiture of the deceased monarch. 
The face is long, and there is a remarkable fall in the lower lip. 
The hair is also, doubtless, represented as worn by the king. It 
is long and slightly curly, and the beard is, ample and flowing. 
Altogether it is an interesting example of attention to nature, in 
transmitting the likeness to posterity of one of England’s greatest 
sovereigns. There are at the same time thóse conventionalisms 
of treatment which, while they give its character to Gothic art, 
remove the works out of the category of really good sculpture. 
The long drapery in which the king is habited, though extending 
to the feet, alone a want of truthfulness in the disposition or 
fall of the folds. They are composed, in straight partiel lines, 
as if the figure were standing. Among the careful details the 
shoes are “rights and lefts,” erroneously believed to be a very 
modern fashion of shoemaking. This tomb has suffered greatly 
from age, neglect, and no doubt intentional illusage. Much of 
its enrichment has disappeared, and many of the numerous small 
statues that decorated the tomb have been stolen. Some of 
these representing the sons and daughters of Edward were in 
solid brass gilt. 

The tomb of Queen Philippa, the consort of Edward III., 
stil! shows proofs of its former ificence, though it is one of 
the most injured of the monuments in the Abbey. Тһе effigy of 
this prineess happily remains in в condition to afford a good 
idea of her person, as well as of the art of the day. The por- 
trait is evidently carefully studied, and the sculptor who was 
able to give so much natural character in the treatment of the 
details was no mean practitioner. Such в work proves that 
there were artists of widely different schools employed in these 
productions, though it will be seen they were still under the 
influence of a peculiar mode or style which makes all, even the 
best, of Gothic sculpture. The costume of this e gives 

at antiquarian value to this monument of Queen Philippa. 
There is & small tomb of Petworth marble in the chapel of 
St. Edmund which may here be noticed, on which repose two 
very small alabaster figures of children of the above king and 
queen. They represent William of Windsor and Blanche. This 
interesting memorial of these young persons stands near the fine 
monument of John of Eltham. It has been much damaged, and 
the feet cut off. The costume of both is characteristic. Tho 
prince had flowing air, with a fillet; the princess, who died in 
1340, a raised or horn head-dress, now broken. In these per- 
sonal monuments, if they may be so called, from having the 

re of the deceased upon the tomb, the effigy constitutes the 
chief interest of the sculpture. But small atcessorial figures 
were introduced, either as attendant angels or statues of the 
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apostles, saints, or other persons, to enrich the sides of the 
tomb or the architecture connected with it. The angels appear 
ministering, sometimes at the head of the figure, on each side of 
the pillow, sometimes at the feet. They usually are represented 
Бев, and holding the chalice, or, as thuriferi, throwing in- 
conse from censers. They are less frequently seen at the feet, 
where either a lion or a dog, sometimes both, couchant, are made 
to support the feet of the effigy. With respect to technical 
treatment, considerable improvement will here be observed in 
the ceful manner in which certain details are represented. 
The hands of the figures aro frequently of great beauty, and tho 
draperies are ‘most carefully studied. Frey are large and 
broad in their masses, varied in design, yet remarkable for sim- 

licity ; and where action or movement is to be shown, as in 

lying or floating angels, the proper character is most admirably 
Банан Of course there is по display of the nude figure; 
and where any indication of it appears, there is evidence of the 
usual absence of knowledge of the human form. 

Amongst the older monuments to be especially noticed aro 
three in the choir—namely, those of Edmund Crouchback, earl 
of Lancaster, son of Edward II.; of Aveline, his wife (died 
1275); and that of Aymer de Valence, earl of Pembroke (died 
1323). They are adnurable illustrations of the elegant and yet 
rich style of monuments of their time. The precise date of 
their erection is not known, but from the general treatment, the 
costume, and tlie architectural details, they may probably all be 

laced at between the middle of the reign of award I. and the 

eginning of that of Edward III. There is also so mnch 
similarity in the general design, that it might be fairly imagined 
that the same artists were employed on all the three works. 

Crouchback died in 1298. His effigy lies on an altar-tomb. 
He is clad in chain-mail, and wears a close round helmet. Тһе 
figure is slightly turned to the right, —a movement that may 
have been intended to convey the idea of looking towards the 
altar. This monument exhibits the peculiar sculptured enrich- 
ment that began at this period to characterize these designs. 
The sides of the tomb are filled with small figures in niches, 
under canopies ; and the different portions of the lofty canopy 
which surmounts the whole work abound with decorative 
details. In the large trefoils, in the apex or pediment, are 
figures of the earl on horseback, armed in mail. e whole was 
пота coloured and gilt, and remains of this may still be 

iscovered in some parts of the monument. 

The monument of Aveline, his wife, the daughter and heiress 
of William de Fortibus, earl of Albemarle, consists of an altar- 
tomb, upon which, under an elevated canopy, reposes a recum- 
bent figure of this lady. The head rests on two cushions, 
supported by angels. The dress and drapery of this monument 
аге remarkable for the elegant taste displayed in their com- 
position and execution. She is represented in a hood and coif, 
which fall over her arms, her hands being raised in the act of 
prayer. The other part of her costume consists of a loose robe 
and long flowing mantle, reaching to the feet; and in the 
graceful arrangement of these the sculptor has shown himself a 
consummate artist. With carefully studied form, there is a 
character of quiet repose quite in harmony with the subject. 

The third monument referred to, of Aymer, or Andomar, of 
Valence, resembles in its general features that of the Countess 
Avcline. but its dimensions are greater ; it is more lofty, and the 
enrichments appear to have been more elaborate. As in the 
other examples, the figure is recumbent on an altar-tomb. The 
earl із in chain armour, with а surcoat of his arms. The hands, 
which no longer exist, were evidently raised on the breast as if 
in prayer. "here is an interesting passage in the introduction 
of two small half-kneeling Angels at the hcad of the earl, 
supporting on their hands a third figure draped. This is 100 much 
injured and broken to afford any details, but it has been thought 
to represent the soul of the deceased being thus held u 
angels on its ascent to heaven. No mere description would de 
entire justice to this very remarkable work. In its details it 
exhibits the peculiaritics of the Gothic style, in its fanciful and 
elaborate accumulations of crockets, foliated cusps, varied 
trefoils, and similar enrichment ; but if the purpose of the artist 
was to produce a striking effect, and to impress the spectator 
with n solemn yet pleasing train of thought while contemplating 
this noble and аига memorial of the great earl, there can be 
no question that this monument deserves to be considered, of its 
class, a most valuable work of art. The sides of the tomb are 
filled with statues, now, alas! much mutilated, and in a large 
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trefoil panel in the pediment of the canopy appears a knight 
fully armed, on horseback. The whole of the monument pi 
been richly gilt and painted, and, like the works previqusly 
described, was studded. in every part that would show of it, 
with shields with heraldic bearings painted or emblazoned. 
These tombs are surmouuted by loft , enriched canopies, taper- 
ing upwards with evory variety of accessorial decoration. 
Crockets run along the exterior lines, while foliage, diapered 

unds, trefoils, quatrefoils, enriched cusps, gilding, enamel- 
ing, and colour, now much dilapidated and defaced, formed the 
costly details of these memorials of rank and greatness. An 
altar-tomb monument, in the chapel of St. Edmund, having on it 
a recumbent effigy of William de Valence, earl of Pembroke, 
whose death occurred in France in 1295, deserves especial notice 
here. The body of the earl is believed, from an expression in 
the old inscription, now no longer existing, to be deposited in 
the stone tomb which forms the lower part of the monument, 
but the effigy is placcd above this, оп a long wooden chest. The 
figure is in chain armour, with а surcoat extending to the knees. 
An enamelled emblazoned shield suspended by a richly-decorated 
belt, is on the left side. The head, dressed in a close skull ca 
surrounded by a flowered fillet, in which are sockets whi 
formerly held precious stones, rests on an enamelled pillow, and 
a lion, much mutilated, supports the feet. The hands are raised 
as in prayer, and the portions of the dress that can be examined 
closely are diapered. There is also much gilding and enamelling 
still perceptible in the enrichment of this interesting work. But 
the circumstance that calls more particularly for notice is, that 
that the statue itself is made of wood (oak) covered with plates 
of metal (copper) richly gilt, while the effect of the chain mail is 
given by engraving on the metal. It is said this monument was 
erected by Aymer de Valence to his father’s memory. 

The much-injured monument of John of Eltham, earl of 
Cornwall, (son of Edward П.), who died in 1334, merits atten- 
tion as a good specimen of the treatment of such works, The 
effigy is made of alabaster; and the details, of plate-armour, 
Burcoat, gorget, coronetted helmet, with the other proper 
accessories, give great antiquarian interest to this work. | 
coronet is of the ducal form, having alternately small and large 
trefoil leaves ; andit is thought that this is tho earliest authority 
for its being so represented. There is nothing unusual in the 
style of art exhibited in the sculpture; but with the small 
attendant angels at the hend, and tho figures in niches on the 
side of the tomb, it affords another of the numerous valuable 
examples of the monumental stylo of tho fourteenth century. 
There was formerly a very beautiful canopy over this tomb, but 
there are now no remains of it. The accessorial statues are much 
broken, and many portions of the monument have doubtless 
been stolen. 

The introduction of knights fully armed and mounted, re- 
presenting no doubt the noble persons whose larger effigies are 
placed on the tombs, in the decoration of the canopies of the 
monuments of the two Earls of Pembroke, is the only instance 
in this church of a reference to the worldly deeds or occupation 
of the subjects of the memorial. There are examples in equally 
early works in other places of a deviation from this rule of 
fouling the accessories to religious objects only, as angels and 
attendants, sometimes relations, but more frequently ecclesi- 
astics, but none occur here except in the slight degree referred 
to. Nor is there any example of the double representation of 
the subject; first, in the figure on the tomb, habited in the 
usual costume ; and, secondly, showing the corruption and decay 
of the body in death; either with the skin shrivelled on the 
bones, or the bare skeleton laid out. 

These characteristic examples, selected from the large num- 
ber of interesting monuments of the Gothic or Medieval school 
of art, are sufficient to convey a notion of the best monumental 
sculpture prevailing in what has been thought by many the best 
period of Gothic architecture. Judged as productions of fime 
art, it need scarcely be said they fall far short of the excellence 
that the remains of sculpture of a much older date show the art 
was capable of attaining. They have, however, their own 
peculiar merit, arising out of the sentiment which pervades 
them, and the propriety of their design; as expressive of certain 
feelings, and for its appropriateness, both to place and object. 
There is a truly serious and religious character in the motive of 
these works, which subdues and tranquillizes the feelings of 
those who contemplate them, carrying the reflections of the 
thoughtful to objects beyond the present. In this respect, how- 
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ever deficient they may be in technical qualities, they fulfil a 
at purpose, and they stamp the monumental design of the 
ourteenth and fifteenth centuries with a principle which must 
be admitted to be one of high value, and worthy of praise and 
imitation. It will not be desirable here to m tiply the speci- 
mens of the immediately following dates after those already 
particularised ; but it may be observed, in support of remarks 
already made, that the subsequent monuments were not proofs 
of progress in sculpture. The technical deficiencies of the works 
of the two centuries just surveyed were not replaced by any 
valuable development of style or beauty of form, even where a 
wider practice may have induced some greater readiness and 
facility of mere execution. The monumental form, of recumbent 
dead or dying and praying figures was still preserved. Either 
by prescription, habit or feeling, this style of treating the subject 
was happily and properly maintained ; but, it’will be seen that 
a new and not an improved feature was admitted into these 
designs, which interfered disadvantageously with the spirit of 
the old types. 
The tomb of the royal founder of the chapel, upon which are 
laced the effigies in bronze gilt of Не II. and his Queen 
izabeth, is so well known, that it would unnecessarily intrude 
upon our limited time to describe it in detail. The statues, as 
well as the accessories, were designed by a celebrated sculptor 
of Italy, Pietro Torreggiano, the contemporary and rival of 
Michelangelo. These figures, in royal costume, are placed on a 
tomb of Heck marble, at the corners of which, somewhat uneasily 
balanced or sitting, are four nude cherubs or angels. The 
monument is inclosed within an elaborately enriched screen or 
* closure,” also of bronze gilt, but now, like the statues, 
blackened by the rust of ages. 
This might properly conclude our necessarily brief notice of 
is marvellous chapel; but as the name of Torreggiano has 
been mentioned, it will be right to direct attention to one other 
work, said to be by him, in connection with this chapel. In the 
south aisle is the effigy, in bronze gilt, of Margaret, countess of 
Richmond, the mother of Henry VII. The aged and noble 
lady is represented in the dress of a nun, with a mantle over all. 
The details of this figure deserve careful examination. Tho 
hands, in the act of prayer, are very true in character and form, 
and give the idea of having becn cast from moulds taken from 
nature. | 
It need scarcely be said that the accessories of Torreggiano's 
works exhibit much of the bastard Italian style of his school as 
opposed to true Gothic; and there can be little doubt that the 
fasion of styles, as the mixture of the classical orders with 
certain Gothic traditions, are to be traced to the employment of 
foreign artists on the more important monuments erected in the 
churches of this country. The recumbent effigy was still in- 
sisted on, but the accessories were not strictly required to 
harmonize with any particular style of architécture; and thus, 
especially in the designs of the period succeeding the Per- 
pendicular phase of Gothic, are found the most capricious 
introductions of Corinthian and other architecture of the debased 
forme of the classical orders,—precisely as they occur in con- 
tinental design of the time. As this corrupt style was introduced 
in this country about the time of the Reformation, it has been 
said, without any reason, that the Reformation was the cause of 
the change and fall of religious or ecclesiastical art; when the 
fact is, the same bad and even worse taste is found in Italy, 
from whence it reached England. The sixteenth century gives 
a date to this false style of design; but the corruption of taste 
is to be sought for, as numerous monuments show, in the 
productions of those countries which, at that time, were much 
more advanced in art than England. 
The period of true Gothic sculpture may be considered to bo 
completed at this date, the middle of the sixteenth century. 
Already sculptured monuments of a more mixed style were 


executed, and it will be seen that this, in a very short time, 
entirely superseded the old simple character of Medieval and 
ecclesiastical art. 


It has already been seen that lofty, highly enriched canopies 
formed a striking feature in the early monuments of the Gothic 
period. The same protecting roof or shrine is found in tho 

. monumental design of the post-Medismval time, and equally 
exhibiting & great quantity and variety of decoration. Colour, 
gilding, inlaid marbles, armorial emblazonment, scrolls, were 
profusely employed, as in the same class of design in the four- 
teenth and fifteenth centuries ; but though there is quite as much 
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meaning in the lozenges, twisted columns, urns, and other orna- 
ments in these monuments as in crockets, finials, cusps, trefoils, 
and the other fanciful devices of the Gothic canopies, the latter 
were part of, and in harmony with, the architecture with which 
they were associated, which the ponderous vagaries of the 
sixteenth and seventeenth centuries were not. This indepen- 
dently of other circumstances, constitutes the great difference 
between the two; and it must be admitted that, in an art point 


of view, the latter offer no compensating qualities. Го 
monuments in Westminster Abbey, of great historical interest, 
at once offer themselves in illustration of these remarks. They 


are the tombs of Mary Queen of Scots, and of Elizabeth Queen 
of England. The former stands in the centre of the south aisle 
of iar d УП.’ Chapel; that of the English queen іп the north 
aisle. Asin the monuments of the earlier style, the etfigics of 
these princesses form the main subject of the design. The 
inferior character of the sculpture, generally, is at once evident. 
Mary is represented in full dress, with her hands raised and 
pressed together, as if in prayer. The dress is elaborately 
worked, but is wanting in true artistic treatment; the folds not 
falling gracefully, but composed in heavy and straight lines, as 
in a standing figure, and iien gathered in unsee confusion 
at the feet. The hands have suffered injury, some of the fingers 
being broken off; but they are small and elegant in form; and 
the face, young, and having a gentle expression is of a pleasing 
character. The architectural portions are cumbrous ; and every 
species of decoration that could be crowded into the design is 
lavishly introduced. 

The monument of Queen Elizabeth is not оп quite so large в 
scale аз that of Queen Mary, but it is composed on the same 
райе, exhibiting profuse and cumbrous ornamentation totally 

суо14 of taste. The effigy surmounts an elevated table tomb. 
The Queen is in royal costume, with a small crown on her 
head. In her left hand she holds a globe, in the right a sceptre. 
The drapery is in large quantity, ill designed, and, like that of 
Queen Mary, stands up stiffly, instead of falling over to the 
ground. The order, if it can be so called, of the architecture of 
these two monuments is Corinthian ; and therefore entirely out 
of harmony with this beautiful chapel of a most enriched 
character of Perpendicular Gothic. 

This, however, must be a difficulty with regard to all works 
of later date that are to be placed in older erections. Unless 
the style of the architecture be imitated, the more modern 
works must always appear anomalous. Yet the mere copying, 
in part, of an older style deprives works of anything i e 8 
character consistent with their own date. They lose all con- 


temporary distinction, while they are no trustworthy authority 
‘of the в 


tyle they imitate. 

A modern statue represented recumbent and in prayer is as 
fitting a type of a Christian in the present day as it was five 
centuries ago; but placing such a figure under a Gothic canopy, 
with all the accessories that mark the peculiar art of a ТАРЫСЫ? 
and past age of architecture, though it may be very like the 
Vlder work and very pretty, is, after all, incongruous. The 
statue expresses a sentiment, and a beautiful because a true 
one; but copying the architecture of another age is an 
anachronism. Every work of art should be truthful; and one 
of the most valuable recommendations of art is its power to 
illustrate Из own age. If the age has no distinctive expression 
in its architecture, the difficulty is only increased; for then 
there can be no real or original design. It must be factitious, 
and borrowed. 

Two of the most important and, to Englishmen, interesting 
monuments in the Abbey, have been selected to illustrate the 
unfortunate taste that was now introduced. So long as the re- 
cumbent figure of the deceased was made the first object, a 
principle was preserved which gave character and interest to the 
design; but, soon after the introduction of this style, allegory 
was resorted to, and the monuments not only exhibit tho effigy 
of the principle subject of the monument, and occasionally the 
figures of descendants, as sons and ар a of all ages, but 
semi-classical figures of the virtues, as Temperance, Prudence, 
and the personification of warlike or learned attainments, in 
statues of à Mars, Minerva, and other heathen images, overload 
the design, and deprive it of all character of repose. 

ee very remarkable examples of this mixed character offer 
themselves to notice in this (Henry VII.'s) chapel. They are 
the monuments of Villiers, Duke of Buckingham, and his family ; 
of Sheffield, Duke of Buckingham ; and of the Duke and Duchess 
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of Lenox, in threo of the chapels at the east end of the nave. 
These fully illustrate all the peculiarities referred to, and they 
are, also, very good specimens of the state of art at the time. 
In the large composition of the Lenox monument there is much 
to arrest attention in the superior quality of the sculpture. 

The Gothic monuments exhibit attendant angels at the head 
and foot of the effigies, ministering in various ways ; and small 
figures of holy persons, and even of relations, introduced as 
mere accessories, are seen arranged in niches in the lower part 
of the tomb. In the later monuments these accompaniments 
assume a much more pronounced character. Big, naked, chubby 
boys, winged and fluttering about, or sitting or standing in 
different parts of the monument, take the place of the small, 
draped, kneeling figures that support the pillow of the deceased 
in the Gothic monuments; while lines of sons and daughters, 
sometimes life-size, are placed in the base, or in the background 
of the design, kneeling, or praying against a lectern. The males 
usually are arranged on one side, the females on the other. 
Another peculiarity is often seen in these family tombs; and 
that is the introduction of deceased children, wrapped in 
swaddling or grave clothes, lying horizontally, on the side of the 
sex to which they belong. The monuments of this style,—like 
the older works, again, in thia respect,—are usually richly gilt 
and painted; and a variety of materials is used in their com- 

sition, &s coloured marbles, alabaster, and brass, which, at 
east, produce a gorgeous effect, if they cannot be reconciled 
with good taste. 

The Abbey possesses many examples of these designs, in 
which, notwithstanding the indifferent art exhibited in the 
sculpture, wo still recognize a respect for the old religious 
traditions. The recumbent effigies, with uplifted hands and 
serious expression, arrest attention and are aids to reflection; 
but the time came when the more personal honour or glorifica- 
tion of the subject of the monument was to be illustrated, and 
the quiet tomb character of the design was superseded by the 
endeavour to give prominence to the worldly dignity of the 
deceased. The figures are now turned on their sides; some 
lean on their elbow, looking out from their resting-place, as if 
inviting the notice and admiration of the passers-by. The 
various chapels, to be visited after this lecture, offer many 
examples of this class of monument. It will be remarked that, 
almost universally, the sculpture is bad. The dresses seldom 
are designed to suit the recumbent attitude of the wearer, the 
folds usually running, as if stiffly starched, in parallel and 
horizontal lines, instead of falling with their own weight. In 
this respect they are curiously similar to the stiffness of Gothic 
art. There are some remarkable examples of designs of the kind 
in the chapel of St. Nicholas; they are, however, of various 
degrees of artistic merit. Many of these tombs are in memory 
of persons eminent in history, and have great interest apart 
from the illustration they afford of the monumental art of the 
period. The neighbouring chapel of St. Edmund also contains 
some examples worthy of notice. 

Before noticing a few other works of the sixteenth and seven- 
teenth centuries, it will be proper to make particular reference 
to two striking monuments in the united chapels of St. John 
Evangelist, St. Michael and St. Andrew. The first is that in 
memory of Lord and Lady Norris, early in 1600. The effigies 
of both, in alabaster, lie recumbent оп a raised tomb. A canopy 
is above them; on each side of the composition, at the base, are 
three kneeling figures, life size, dressed in the armour of the 
day, representing the six sons of the above. This monument is 
very striking, not merely on account of its great size, but for 
the sentiment expressed in it. Although the sculpture is not 
fine, quoad style and technical value, the motive of the desi 
is good and appropriate. Тһе effigies of the heads of the family 
reposing in death, with their sons kneeling and praying around 
them, is a touching and beautiful subject, well fitted for a 
mortuary chapel. 

The next monument in this chapel to which attention may be 
called ina few words, is that of Sir Francis Vere, one of the 
eminent worthies and warriors of the Elizabethan era. Sir 
Francis, habited in в loose gown, is recumbent on a low bed or 
table tomb. At each corner is a knight, in full armour, kneeling. 
They support on their shoulders a large table, which forms a 
canopy over the principal figure. On this are placed various 

ieces of armour, supposed to be that of the great soldier lyin 
eneath. The treatment of this design, in which the accessoria 
” figures are made to contribute во promiently to the expression, 
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is as rare as itis effective. They evidently are secondary to 
the main object, and though the figures are life-size, they take 
their proper place simply as attendants of honour on the great 
general who reposes in the centre of the composition. 

This chapel contains a monument by Roubiliac, which always 
is pointed out by the guides as one of the wonders of the Abbey. 
It is in memory of Mos. Nightingale. In the lower part of t 
pyramidal composition, & skeleton, ренда аға issues from 
a dark recess or tomb, in the act of hurling a at a female 
above, who, fainting, is supported by her husband. He en- 
deavours to ward off the fatal stroke, leaning forward and 
extending his hand as a shield or guard between the sinking 
lady and the weapon of death. The execution of this work is 
wel worthy the great reputation of ita author, and there are 
many points of excellence in the details of this remarkable work. 
The expression of the dying figure, and the action and form of 
the falling hand, deserve the highest praise. The poetry of this 
conception makes its instant appeal to the feelings. It is full 
of рейса and touching sentiment. But here is seen the danger 
of not observing the proper limits between the ideal and the 
real. A mere skeleton, which could not by any means be held 
together, is here represented with life, power, and expression, 
grasping an ordinary spear, with which he intends to slay his 
victim. The dying wife and her protector are supposed to see 
all this impossibility, and the husband endeavours, by a common 
action, to ward off the threatened evil. But a skeleton is not 
that broad, mysterious visitation called Death; it is simply a 
distressing and repulsive result of dissolution. The allegory, 
therefore, is both extravagant and false. With all its excellence 
in point of intention, and especially in its marvellous execution 
аз а piece of marble-carving, this monument offends against 
artistic propriety and good taste. Roubiliac is the author of 
another remarkable and, in many respects, superior work, in the 
monument to the Duke of Argyll, who died in 1748. The duke 
is represented falling at the base of a pyramid. Around him 
are statues of Minerva, History, and Eloquence. The latter is 
full of action and expression ; and, with extended arms, appeers 
to be addressing the spectators. It is a characteristic work of 
the time, and shows the great powers of Roubiliac in invention 
and execution; but, like almost all his works, it is utterly de- 
ficient in the repose so essential to give the proper effect to 
monumental works designed for a place of worship. The same 
criticism applies to a composition by the same master, near the 
Argyll monument, in the south transept, in memory of Handel, 
the eminent composer. The expression of rapt attention with 
which the + master appears to be listening to celestial music 
is admirably rendered, and the execution of the work is, as usual, 
wonderful; but the whole design is too theatrical for ite destins- 
е. xL is a composition more adapted to & music-hall than & 
church. 

Scarcely any of the works after this time, however remarkable 
for other У а Нев, preserve the characteristics appropriate to 
church monuments. It is rare that allusion is е to death, a 
future state, or to the prayerful last moments of the Christian. 
The statues have a mere portrait character. The action of the 
figures have reference only to their worldly business and occupa- 
tion, and the inscriptions record the virtues, the abilities, the 
prowess, and the accidents of life. The compositions are 
crowded with allegorical figures, more or less as they are 
founded on or copied from the antique. There is nothing to 
arrest the attention of the ordinary passer-by ; and the recondite 
classical allusion can only be understood by the few. Such 
designs as those representing Mr. Thynne attacked and murdered 
in his carriage ; of Admiral Ц ascending out of the sea to 
heaven, while on all sides are the most preposterous accessories, 
including several life-size allegorical figures,—only require to be 
alluded to as being totally unfitted for chi monuments; 
while they have little or no recommendations as works of 
sculpture. 

It scarcely is necessary to multiply examples of the art that 
now characterized monumental sculpture. minent illustra- 
tions have been pointed out, by which the intelligent vieitor 
will be able to realize for himself the leading peculiarities of the 
styles of the different ages. Hitherto, it is to be observed, the 
motive or purpose of the generality of works, however strangely 
expressed in some cases, has had reference to the repose of 
death; with suggestions of prayer and resignation; and with 
such accessories as are fitting in memorials, of the kind, placed 
in a Christian church. Less simple, indeed, than the early 
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Mediæval monuments, still, the later monüments continued to 
show the religious impulse, and invite serious reflection. In the 
eighteenth century this principle began to be lost sight of, and 
in the end utterly diiregarded. Truthfulness and individuality 
were, as has been shown, first sacrificed to the absurd fancy of 
introducing classical details in the mounments. From orna- 
mental the artist proceeded to personal pseudo-classical decora- 
tion; and we find the deceased English nobleman, statesman, or 
eoldier, dressed in а Roman cuirass, or toga, or paludamentum, 
mixed up with modern costume. The large monument of 
Sheffield "Duke of Buckingham, before alluded to, in the chapel 
of Henry VII.; that of Sir Cloudesley Shovel, in а [toman 
cuirass, sandals, and a full-bottomed wig, in the south aisle of 
the nave; and many others, will show the extent to which this 
absurd fancy was carried. It may not be amiss, to notice 
another class of monumental design, in which it is difficult to 
trace any motive. One example of this utterly unmeaning 
application of art,—if, indeed, it can come into the ow of 
art at all, —is the huge monument in the chapel of St. Paul, in 
memory of Lord and Lady Hunsdon. The date is about 1600. 

is composition, measuring between 30 ft. and 40 ft. in height, 
and occupying one end of the chapel, consists of various stages 
of merely architectural details over and around a sarcophagus ; 
while obelisks, columns, with capitals, architraves, and a 
variety of details, crowd the work from the pavement upwards ; 
the most striking object being the larg. Wield with the em- 
blazoned coat of arms of the family. The whole has been 
profusely decorated and enriched with colour; now, in the 
course of time, sobered down to a most sombre blackness. 
Another unmeaning work of the kind isa military monument in 
the north aisle of the nave. It consists entirely of various arms 
used in mili life, and has more the appearance of an 
advertising of an army accoutrement maker that a 
memorial record of a deceased soldier. These works are simply 
referred to as belonging to our general subject. It will neither 
be necessary nor profitable to continue the review of such trifling 
and unmeaning art. 

Having now rapidly reviewed the monuments preserved in 
Westminster Abbey from the earliest regal monument—that of 
Henry III., of the thirteenth century, down to the end of the 
eighteenth century—it is not necessary to make particular re- 
marks upon the monumental productions of a more recent time. 
It may merely be observed, generally, that while they often 
exhibit very advanced knowledge and technical power in sculp- 
ture, highly creditable to their authors, they are usually epi d 
personal memorials, and have no serious ecclesiastical character 
or treatment to make them fitting objects to occupy places ша 
church. The more ambitious designs are made up fe classically 
draped or even of nude statues, imitations of the antique. Others, 
expressing the views of the realistic or naturalistic school, ap- 
pear dressed in the ordinary coats, waistcoats, and breeches of 
their day. Some are represented in the full vigour of life, 
making speeches, brandishing swords, or calling up their troops. 
Some are standing, in attitudes more or less graceful, doing 
nothing. Some are sitting comfortably in their arm-chairs, 
unoccupied, or, it may be, thinking. In none of these is there 
the slightest idea of fitness or propriety, with reference to 
place. Indeed, there are instances in which the extreme want 
of harmony with surrounding monuments and associations 
makes such productions not merely inappropriate, but positively 
offensive to good taste and feeling. They ought never to have 
been placed in the positions they occupy; and it is even now 
much to be desired that the more prominent of these statues, 
especially the single ones,—the most easily dealt with,—should 
be removed to other sites where, while the deserts of their 
pr may be honourably recognized, and the statues raised 
to their memory be seen by their admiring countrymen, they 
should no longer be permitted to crowd the floor of a place of 
worship; where the mind should be occupied with other 
thoughts than those likely to be suggested by such incongruous 
associations. 

It is not intended, nor is it desirable, that works once admitted 
into the Abbey should be removed with anything like contumel 
and disrespect, simply because they do not lharmonize wit 
religious sentiment, or are out of Aecping with the architecture 
of the church. Honourable sites might still be found for them 
within the sanctuary, аз it were. А cloister, for example, might 
easily Бо erected, fitted to receive them, or they might be ar- 
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ranged within the restored Chapter-house. Many of the detached 
statues, especially, might so be placed with great propriety, and 
with distinguished effect. Many of the larger compositions, 
which interfere fatally with the architecture of the church, 
cannot, it may bo feared, be removed; but the floor or pavement 
of the chuc itself would thus be freed, in а great measure, 
from the crowding of works as inappropriate as they are ob- 
structive. 
——9————— 


THE NEW CHEMICAL LABORATORIES AT BONN 
AND BERLIN. 

Тнв thirteenth report of the Department of Science and Art 
has an appendix communicated by Professor Hoffman on the 
laboratories now being built at Bonn and Berlin under his super- 
intendence. The protessor's report is interesting for the special 
information which it contains, and remembering the intimate and 
increasing connection between chemical science and our manu- 
factures, is very suggestive of what might be done in England 
for similar purposes. Тһе following abstract of the report refers 
to the laboratory at Bonn. 

Dr. Hoffman states that of the six Prussian universities, two 
—and these the most important ones—the Universities of Bonn 
and Berlin, had hitherto remained without chemical institutions 
in keeping with the advancement of science and corresponding 
to the demands of the present day ; and after referring to the 
difficulties that stood in the way of the realisation of this great 
undertaking, expresses his belief that the foundation of the two 
great chemical institutions now being carried out under the 
auspices of the Prussian Minister of Public Instruction, has a 
significance far beyond the more immediate impetus they are 
sure to give to the prosecution of chemical studies in the uni- 
versities to which they belong. By the grant of means unusually 
large for the organisation of these new schools, a tribute of 
recognition has been paid to the influence of chemistry on the 
modern aspect of the world that cannot remain without effect, 
upon other departments of physical science which have not been 
less productive of useful аа 

Side by side with the two new chemical schools now springing 
into existence, other institutions are sure to be founded, similar 
in nature and appointed with the same liberality, for the prose- 
cution of the two other great branches of natural science, physics 
and physiology, to which, as well as to chemistry, the future 
belongs. 

This subject is already being frecly agitated in the Prussian 
universities, especially those of Bonn and Berlin. The leaders 
in the several branches of natural sciences are pursuaded, that 
the great efforts at the present moment being made for che- 
mistry will, sooner or later, benefit their own departments. It 
is not, however, in Prussia, orin Germany alone, that the 
wholesome influence of this example appears to be felt. The 
exertions of the Prussian Ministry of Public Instruction in the 
cause of chemical science have attracted the attention even of 
foreign governments. Inquiries respecting the new institutions 
have already been made by several other countries, more 
especially by England and ce, and it is not unlikely that 
the noble precedent set by Prussia will soon be followed by the 
establishment of similar schools elsewhere. It is in this sense, 
at all events, that the writer ventures to interpret the desire 
expressed by Her Majesty’s Government to obtain information 
оп the subject of the two institutions in process of organization 
in the Universities of Bonn and Berlin, which, at the request 
of the Prussian Minister, he has endeavoured to supply by draw- 
ing up the following statement. He would, indeed, consider 
himself fortunate if this report, which, from the nature of the 
case, cannot be more than an outline, should assist in augment- 
ing the interest already felt for the establishment of a great 
chemical institution in the metropolis of the world, an institution 
which England can no longer dispense with, since no country is 
more deeply interested than she is in the rapid diffusion of the 
latest results of chemical inquiry. The reporter proposes, in 
the first place. to give an account of the laboratories of the 
University of Bonn, which were earlier conceived and carlier 
begun, and are, consequently, in а far more advanced stage than 
those of the University of Berlin. 

The first negotiations respecting the building of a new labor- 
atory in Bonn go back as far as 1861. In the summer of that 
усаг the reporter was invited by his friends, Professor Plücker 
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and Sell, to ап interview with Mr. Beseler, the Curator of the 
University of Bonn. But little time elapsed before the first 
steps for the foundation of the new chemical school were taken. 
The negotiations already pending between the Minister of Pub- 
lic Instruction and the Curator of the University were soon con- 
cluded, and in the beginning of 1862 Mr. Beseler was commis- 
sioned by the Minister to inquire of the rter whether he 
would undertake the organization and direction of a chemical 
laboratory to be established in the University of Bonn, ona 
magnificent scale, and liberally provided with all the require- 
ments for modern investigation. The question thus opened led 
to a series of negotiations which ended, іп the spring of 1863, in 
the reporter complying with this proposal. 

The important duty of drawing out the plans of the new 
institution devolved on Mr. Augustus Dieckhoff, architect to the 
University, and in preparing the programme, the composition of 
which fell to the lot of the reporter, it appeared all-important to 
gather information as exact as possible respecting the chemical 
institutions already in existence, and the reporter was fortunate 
enough to obtain drawings and plans of nearly every existing 
laboratory. The chief experience, however, was gathered dur- 
ing а journey of several months through Germany, in the 
autumn of 1863. On this trip nearly all the German labora- 
tories were studied, from that of Giessen, the first German 
university laboratory, which the father of the reporter built 
more than a quarter of a century ago for Liebig, down to the 
more recently-founded chemical schools in Karlsruhe, Munich, 
Zurich, Heidelberg, and Góttingen, and the splended institu- 
tion just completed in the University of Greifswald. 

Ultimately a plan, the detailed contract for which amounted 
to 183,000 thalers (£18,459), passed, with scarcely an alteration, 
the several stages of supervision, and was sanctioned by Govern- 
ment. 

The first turf was turned late in the autumn of 1864; the 
prng of 1865 saw the foundation stone laid; and the building, 
the construction of which was entrusted to an able young archi- 
tect, Mr. Jacob Neumann, who had already efficiently assisted 
in laying out the plans, is at present being roofed in, so that in 
the summer of 1867 it can be handed over to the university. 

The new chemical institution is provisionally intended for 
60 students; the space, however, has been meted out so 
liberally, that accommodation could be supplied without incon- 
venience to a much greater number; besides this, the building 
has been so constructed as to allow of enlargement at any future 
time, by raising a second story, without detracting from the 
harmony of its structure. 

In addition to the various apartments required for educational 
purposes, for practical analysis, for scientific and technical in-. 
vestigations, and, lastly, for the lectures, there are in the new 
building sets of rooms for the castellan of the institution, for 
the famulus and servants, apartments for three assistants, and 
also a magnificent residence for the director, consisting of a 
suite of rooms which as regards number and extent, could be 
very seldom met with in a private house. Lastly, there is a 
considerable number of well-lighted basement rooms, which 
have as yet no special use assigned to them, but the construction 
of which could not be avoided. 

The various departments of the building are spread over three 
floors, the basement, the ground floor, and the first floor. Tho 
first floor, however, extends over but a small portion of the struc- 
ture, and is exclusively occupied by the private apartments of the 
director. But few of the rooms devoted to the purposes of the 
institution are found in the basement, as, for instance, the store- 
rooms, the rooms for metallurgical and other operations requiring 
large quantitics of fuel, those for medico-legal and chemico- 
physiological research, «с. АП the remaining space intended for 
educational purposes, viz., the laboratories, with their adjoining 
rooms for special operations, and side-rooms, balance-rooms, 
rooms for volumetric analysis, combustion-rooms, lecture- 
theatres, the hall for collections, the study and private laboratory 
of the director, the apartments of the assistants and other 
officers of the institution, are, one and all, on the ground floor, 
an advantage which would not have been obtained had the site 
of the building been of more limited dimensions. 

As the ground floor had to contain no less than 44 rooms, 
exclusive of vestibule, corridors, and closets, its dimensions 
necessarily became very considerable. Four outer wings enclose 
ап area of very considerable size, divided into four quadrangles 
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or courts by a cruciform interior building. Those of the 
edifice surrounding and two back courts are exclusively devoted 
to the purposes of practical instruction in chemical analysis and 
research. The wing of the central structure which "ue 
the two front courts from each other includes the lecture 
theatre, with the rooms pertaining thereto; in the south-west 
side wing of the left front court is the private laboratory of the 
director, with the rest of the rooms de oed to his use. The 
corresponding north-east side wing of the right front court is 
occupied b tha apartments of the assistants and other officers. 
The ground floor of the front part of the building, lastly, is 
devoted to the scientific collections of the institution and а small 
theatre for special lectures. . 

The main entrance for students, as well for those working in 
the laboratory as for those who only attend the lectures, lies in 
the geni side-front facing the city of Bonn. . ) 

r ascending the stairs we enter a large vestibule richly 
decorated. Before the spectator stretches a long corridor of 
considerable width, the main artery of the entire building, 
brilliantly lighted by a number of windows on the left side. 
The large folding doors at the further end of the corridor, visible 
from and directly opposite to the main entrance, lead to the 
director’s spacious study, which is provided with a large bow- 
window for microscopic observations; from this cen situa- 
tion the various parts of the great building are quickly and 
easily accessible. On the right-side the great corridor branches 
out into three side-corridors leading to the entrances of the three 
pricipal laboratories, each lighted by ten windows, symmetrically 
arranged on the two sides, and providing 2U students with more 
than sufficient space and every convenience for work. 

Permanent working-places for 60 students, which, as been] 
mentioned, the institution is to accommodate, were thus se 
According to this disposal of the space, the students range them- 
selves in three classes :—1. Beginners, that is to say, those who 
having become acquainted with the rudiments of chemistry by 
attending lectures, enter the laboratory to become exercised in 
chemical manipulation, to make preparations, and to go through 
an elomentary course of qualitative analysis. 2. Advanced 
students, or those who, having acquired practice a тел желіні 
experiments, are occupied uh quantitative analysis, both pon- 
deral and volumetric. 9. Young chemists, sufficiently con- 
versant with the principal department of chemistry to engage in 
the original experimental investigations, either sugges by 
the director or chosen by themselves. 

А division of this nature, whereby the three classes are 
distributed in separate rooms, seemed expedient for more than 
one reason. Not only was it possible to fit up each laboratory 
in a manner suitable to the wants of each particular class, but 
the situation of the rooms themselves could be so adapted to the 
remaining parts of the building as to offer the greatest facilities 
to each division. And higher stilk must be rated the advantages 
as regards readier supervision and increased means of maintain- 
ing discipline in all parts of the institution afforded by an 
arrangement of this kind. 

The good arising from & large number of students working 
together in an extensive institution is unmistakable. If the 
student have but his eyes open to the work of his neighbours 
he has opportunities of gaining, in а comparatively short time, 
an amount of experience which, working alone or in company 
with only a few, he could scarcely gather during years of 
diligent labour, It is the chemical atmosphere in which he 
works that promotes his progress. 

These advantages, on the other hand, cease when the number 
of learners exceeds those limits within which personal supér- 
vision is still possible. As soon as the beginner is no longer 
conscious that he is able to procure help at any moment—as 
soon as the more advanced student no longor feels that he 
receives individual attention—lastly, as soon as the yo 
chemist, though working independently, is no longer satis 
that an experienced eye watches over his steps—the chemical 
institution, however excellently it may be organised in other 
respects, will yield very small results indeed. It is, therefore, 
of the first importance for the director of such an institution to 
have the necessary teaching power by his side. According to 
the reporter's experience it is not possible for an assistant to 
superintend, for any length of time and with satisfactory results, 
the labours of more than twenty students. Acting upon this 
experience, the Minister of Public Instruction decided to appoint 
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for the Institution of Bonn three scientific assistants, who, 
under the guidance ofthe director, are to watch over, the ex- 

rimental studies of the students. The disposal of the students 
in three separate laboratories aeemed to accord particularly well 
with this provision. 

In these three laboratories the students have their permanent 
working places. To each onc is allotted, for this purpose, 8 
table amply supplied with gas and water, as well as lock-up 
drawers and cup in which to keep apparatas, re-agents, &с. 
At these working benches all ordinary chemical work and all 
operations, not requiring the special arrangements provided in 
other parts of the institution, are carried on. 

Turning now our attention to the side apartments attached to 
the three laboratories, we have, in the first place, to mention 
three closets in direct communication with the main rooms. 
They are in charge of the respective assistants, and are intended 
for preserving delicate and costly apparatus, platinum and silver 
vessels, expensive re-agents—everything, ш fact, of which 
special care has to be taken. | 

There are certain operations which cannot be well conducted 
in the three laboratories referred to. On this account they are 
connected with a series of rooms devoted to special purposes. 
There are three rooms, directly eommunicating with the 
laboratories, called “ operation rooms ;” and here all kinds of 
work, such as distillations, making of gases, heating of bodies in 
реша gas atmospheres—in short, all experiments requiring 

rge and complicated apparatus, are condueted at the benches 
fitted up in these rooms or in the “ evoporation niches " let into 
the s. In case, however, on any particular occasion, even 
more space should be required, each operation room communi- 
cates with a covered colonnade, opening towards a back court, 
and fitted up with gas and water andall the requisites for work. 
From these colonnades the basement of the building, containin 
а variety of rooms devoted to the objects of the institution, an 
more especially the metallurgical laboratories, is accessible by 
means of spiral staircases plaecd in spacious semi-circular pro- 
jections from the outer walls. Flights of steps on the other 

d, lead from the open sides of the colonnades down to two 
back courts lying between the three laboratories, and here the 
student finds an additional supply of water in large central 
reservoirs, the tabular parapets of which serve as working 
benches for a variety of operations. . | 

The three operation rooms, situated behind their respective 
laboratories, are not of equal dimensions. In apportioning their 
size especial attention had to be paid to the wants of the beginner 
and of the independent worker. The beginner who practises 
the various forms of chemical Е preparing gases, 
making chemical preparations of all kinds, &c., requires ample 
space in which to зы ра his activity. In like manner the young 
chemist engaged in actual research may at any moment want to 
fit up new or reconstruct old apparatus, often of a complicated 
nature, for the particular objects of his investigation ; tools of 
the most various description, hammers, files, vices, &c., are thus 
constantly required, not to mention the blowpipe-table scarcely 
ever at rest. For him too it is of vital importance that he should 
not be cramped in в For this reason the operation rooms 
connected with the two wing laboratories, and expressly intended 
for tho classes just mentioned, are made as large as possible. 
The students of the second laboratory, principally occupied with 
quantative analysis, have therefore had a less spacious operation 
room allotted tothem. Ву this arrangement an additional small 
apartment was gained, symmetrical with this operation room, 
and serving as ар а prose to & very important part of the 
institution, viz., the ГА oratory for gas analysis. This spacious 
apartment projects from the middle of the building at the back, 
and is thus almost equally accessible from the three laboratories ; 
it is on the other hand sufficiently removed, more т by 
the intervening ante-room, from those parts of the building where 
the chemical business of the institution is most active, to allow 
of the delicate measurements here made being carried out with- 
out disturbance. It is lighted by two large side windows and 
also by thrce smaller windows situated in & central projection; 
but all the light coming from the south сап be shut out by means 
of strong well-closing shutters, thus securing to this apartment 
the uniform temperature so important in gas analysis. 

Along tho main corridor lies a series of rooms opening upon 
it, and lighted by windows looking into the back courts of the 
institution. Close to the vestibule, immediately to the right and 
lying between the entranco to the first and second laboratories, 
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is, first of all, the volumetrical analysis room, where are kept 
the standard solutions, daily increasing in variety, as well as the 
graduated vessels. 

The balance room, the next in order, is not only intended for 
the reception of chemical balances, but also of the more delicate 
prn instruments made use of in analysis, such as air-pumps, 

arometers, &e. 

Next follows a room for fusions and ignitions, capable of being 
carried out by means of gas. Неге are the necessary appliances 
forthe various heating operations occurring in mineral analysis. 
This room is also fitted up with all the requirements for organic 
analysis (carbon and nitrogen determination), likewise exclusively 
conducted by means of gas, and carried on in special “ combus- 
tion niches " let into the walls, and communicating directly with 
the outer air by means of wide tubes of glazed earthenware. 
This room also contains the es of water ovens required for 

ing the substances to be submitted to analysis. In these 
ovens, which are heated by the steam of the stills for distilled 
water in the basement, every student has his own compartment 
under lock and key. With respect to the uses of these three 
rooms, they are more especially intended for the workers in the 
middle laboratory; they are, however, accessible to the beginners. 
The balance-room is purposely situated in the middle, and sepa- 
rated from the laboratories by the volumetric analysis room on 
the one side, and the room for fusions and ignitions on the other, 
во as to protect as effectually as possible the costly instruments 
of this room from the fumes which, in spite of all ventilation, 
at times escape ша laboratory. The situation of the balance- 
room, between the two others, affords an additional and a by no 
means trifling advantage; numerous operations preceding the 
weighings, such as ane substances in the water bath, heating 
crucibles, collecting the combustion products in organic analysis, 
&c., all take place in the immediate neighbourhood of the balance, 
whilst on the other hand the preliminary weighings, invariably 
forming the first step in volumetric analysis, can be made in 
close proximity to the room devoted to the subsequent stages of 
volumetric observation. The three rooms therefore communi- 
cate directly with each other. 

Between the second and third laboratories are, in addition to 
a small flight of steps leading to a number of attics over the 
ground floor, three precisely similar rooms, accessible from the 
corridor, and with doors opening into each other. Of these, the 
one nearest the second laboratory is intended for the library. 

The inain results of chemical investigation are duly registered 
in treatises and manuals, and are therefore easily within the 
reach of students. But the statements to be found in books of 
this description cannot be moro than abstracts, always very 
considerably condensed, and often more or less garbled, from 
the-memoirs of the first observers. As soon, therefore, as the 
student has got beyond the first rudiments he can no longer dis- 
pense with original sources of information. The main bulk of 
chemical observation is collected in a series of periodicals and 
journals, the volumes of which are counted by hundreds, and if 
all were collected certainly by thousands. Again, many im- 
portant investigations have Ты communicated by their authors 
to the various academies and learned corporations, and are 
printed in the transactions of these socicties. Thus it happens 
that the literature of chemistry, though the youngest of sciences, 
has already attained to very considerable dimensions ; and to 
collect the works which have to be consulted in the prosecution 
of even limited investigations in most cases far exceeds the 
porer of any single individual. These books could of course 

e readily procured from any public library, but reference to 
original communications is but too frequently omitted if the work 
is only to be had by specially sending forit. On this account 
every chemical school possesses а library, more or less complete, 
offering to the student a copious collection of original memoirs, 
which he can consult at the very moment he may require their 
assistance. The use, it may be said the necessity, of such 
libraries is so apparent that students themselves have in a great 
many instances most materially participated in their foundation 
and subsequent development. this way, from but small 
beginnings, some most complete collections of chemical works 
have been formed. The reporter, when a young student, had 
the good fortune to tako part in tho establishment of such a 
laboratory collection, under the auspices of his illustrious mas- 
ter, Baron Liebig, at Giessen ; this 18 now the oldest and pro- 
bably the largest chemical library extant. In later times he Yad 
the pleasure of assisting in the inauguration of a similar colec- 
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tion for the Royal College of Chemistry, London. Such a library 
it is of course in ОВ to establish for the Bonn labora- 
tory, and already, long before its opening, a number of books 
have come in as presents. The situation of the room set apart 
for their reception, between the second and third laboratories, 
is peculiarly appropriate, because it is more especially to the 
students of these two laboratories that the library will be of use, 
whilst its slight distance from that part of the institution where 
the director carries оп his own researehes is likewise а great 
convenience to him and his assistants. : 

The two remaining rooms lying between the second and third 
laboratories are a balance room and a room for fusions and 
ignitions. With these rooms, on the right-hand side of the 
principal corridot, terminate the ground-floor apartments in- 
tended for practical instruction. We have now only to glance 
at tho theatro and adjoining rooms for preparing lectures and 
preserving apparatus, models, drawings, and collections of 
all kinds. 

The students attending chemical lectures in the German uni- 
versities are always much more numerous than those who work 
in the laboratories, and, therefore, more accommodation had to 
be provided in the lecture hall. A lecture room capable of 
holding 250 students appeared to meet the requirements of the 
University of Bonn. Да area of 40 feet square was found 
sufficient for this purpose, and at the same time to afford ample 
space for the lecture table, as well as for the free movement of 
the lecturer and his assistants. 

In the great lecture hall, the seats are arranged like the tiers 
of an amphitheatre, and in the lower part, just opposite the 
entrance, 18 placed the lecture table, 40 feet long and 3 feet 
4 inches wide. In the lower part of the wall, behind the table, 
are the evaporation and ventilation niches for experiments, whilst 
on its upper part drawings and diagrams сап be exhibited. The 
lecture room is lighted from both sides, so that neither professor 
nor audience is obliged to face the light, an advantage sure to 
be appreciated by any one who has been either lecturer or hearer 
in а room of different construction. The fourteen windows 
which supply light on either side are arranged at a height of 
nine feet above the floor of the hall, except the two next the 
lecturer, which descend to the level of the table, enabling him 
to exhibit many colour-phenomena by means of transmitted light, 
and to employ sun-light, under favourable conditions, as ап 
agent in his experimental illustrations. 

The theatre communicates with the laboratory of the lecture 
Assistant by means of two side doors, and a large niche in the 
centre of the wall. Here everything required for the lecturer is 
got in readiness, and for this purpose all the necessary furnaces 
and benches aro provided. In this room larger pieces of 
apparatus can be fitted up upon а table moving on rails, which 
can be run through the niche already mentioned in the theatre 
during the course of the lecture. This laboratory is lighted 
from two sides, on the north-cast by a large window, and on the 
south-west by & glass door communicating with a platform; 
whence a staircase leads down to the front court. These steps 
also communicate with the rooms of the basement undernenth, 
for the storage of compounds requiring а low temperature. 
sealed tubes containing condensed gases, &c., and likewise give 
access to a well-ventilated closet immediately under the lecture- 
table, containing a large galvanic battery, the wires of which 
pass through the ceiling into the theatre above. The room 
where the experiments for the lectures are prepared is of course 
in close connexion with tho store-room for apparatus, models, 
drawings, and diagrams; this room likewise is lighted from 
both sides. Further on we come to the last room of this series, 


having but one window, which is used for the preservation of, 


the various documents belonging to the lectures, such as printed 
forms, registered lists of students attending, &c., and where the 
professor may stay before entering the theatre, and receive those 
students after the lecture who wish to consult him. This room, 
called the lecturers’ waiting-room, communicates with the 
mineralogical museum, one of the great halls assigned to the 
scientific collections of the institution. This hall, as well as the 
one next to И, which being profusely lighted by six windows 
symmetrically disposed on Tooth sides, is intended for the 
chemical museum, is in the front block of the building. Close 
to the mineralogical museum is a small lecture room for re- 
capitulations and special lectures to be conducted by the 
assistants. 

All the rooms for apparatus, chemical preparations, &c., used 


THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 


[September 1, 1806 


in the lectures are situated between the two rooms devoted to 
oral demonstrations, so that all requisites for the lectures can be 
conveyed with the greatest ease either to tho larger or the 
smaller theatre, and back to the collections. It was not without 
intention that tho museums were somewhat removed from the 
busier departments of the institution. The experience of the 
reporter, which is not unlikely to receive confirmation from 
others, has taught him that the love of research and zeal for 
discovery in young chemists, however praiseworthy in itself, із 
at times anything but conducive to the increaso of scientific 
collections. 

The large halls for the mineralogical and chemical collections, 
together with the smaller theatre and its preparation room, 
occupy almost the entire ground floor of the front block of the 
buil ing. In addition to these are still to be mentioned two 
vestibules, leading the one to the main staircase, the other to 
the back staircase ascending to the apartments on the first floor; 
then immediately to the left of the north-east entrance a lodge 
for the house porter; and, lastly, close to the south-west 
entrance, apartments for one of the junior assistants of the 
Institution. 

Of the two sideways, the one stretching out at right angles 
from the left of the main vestibule in the north-east front con- 
tains the porter’s lodge and other apartments while the other 
side wing is entirely devoted to the scientific purposes of the 
director, with whose study this part of the building is in 
immediate communication. Of the rooms situated in this win 
mention must first be made of the private laboratory of the 
director, which is lighted by four windows. On one side of this 
lies the director's waiting room, accessible from the main 
corridor, and communicating with his study by a short private 
passage. Beyond the other end of the private laboratory are 
two small apartments, one to be used as a balance-room, the 
other as a room for ignition, fusions, and combustions. The 
latter has egress to a little portico for experiments required to 
be performed in the open air. 

һе basement is, to all intents and purposes, a repetition of 
the ground-floor, the greater thickness of the walls, however, 
lessening the amount of space to some extent. The rooms in 
this part of the building are 12 feet in height from the floor to 
the top of tho arch, and are sufficiently lighted throughout, by 
numerous windows of comparatively large dimensions. 

Along the main corridor of the basement are two spacious 
rooms, of which the first is intended for the storage of solid, the 
other for that of liquid re-agents. Both store rooms are close 
to the flight of stairs leading on one side into the courts, on the 
other to the ground-floor, whereby the carriage of chemicals to 
the store rooms, and thence to the main body of the institution 
is greatly facilitated. The same accessibility to the floor above 

rtains to the other two rooms along this corridor, and has 
M etermined their especial uses. Іп the one nearest to the 
staircase a steam boiler will bo set up; while directly commu- 
nicating with the steam boiler room, and at the same time 
accessible from the corridor, is a large and well lighted apartment 
intended for rougher kinds of work, and especially for a general 
wash-room, where apparatus of all kinds can be readily cleaned. 
For all these purposes the elose proximity of the steam boiler is 
ап especial advantage. In this room, moreover, a large press 
will be fitted up, in the use of which for hot pressing purposes 
the steam, close at hand, may likewise be turned to account. 
At the extremo end ofthe corridor is а fine well-lighted room, 
corresponding in form and size with the director's study on the 
floor above ; this is a store-room for the large stock of glass and 
porcelain, under the charge of the castellan. 

The two rooms next in succession are provided for сһешісо- 

hysiological researches ; the large well-lighted room at the end 
bons the laboratory for physiological chemistry, whilst the 
adjoining room is fitted up as a stable for the housing and 
feeding of animals required for the investigations. 

In addition to this Taboratory, the basement of the back block 
of the building contains two furnace rooms for smelting opera- 
tions, carried on by means of coal and coke. The larger of 
these. that situated in the middle, is for students of the second 
and third laboratories; while the smaller one is for the beginners. 
These laboratories аге purposely located in the basement, the 
greater height of the chimneys of this flat ensuring a consider- 
able increase of draught. They are, moveover, far less frequentl 
used than the rooms on the ground floor. Lastly, the dust an 
dirt invariably attending the use of coalisthus almost entirely 
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excluded from the flat above. Тһе furnaces and appliances set 
up in these laboratories are of a varied nature; among them 
specially protected niches for operations carried on under great 
pressure, such as digestion of substances in sealed tubes, &c., 
deserve particular attention. 

For the storage of the fuel required for the furnace-rooms, 
four coal bellas? bave been provided. 

With regard to the courts themselves, it deserves to be men- 
tioned that the two front courts communicate by means of a 
thoroughfare cutting the front wing of the cross building 
immediately under the landing of the theatre staircase; in this 
manner any one of the four courts can be reached through the 
carriage-way facing the town, without entering the interior of 
the building. Such a disposition is of great use for.the preser- 
vation of cleanliness throughout, and of absolute necessity in 
order to render all parts of the building accessible in case of fire. 

Attention must still be directed to some of the rooms situated 
on the basement of the front part of the middle wing. 

On descending from the ground floor to the basement, we 
pass through the vestibule into а large workshop lighted by 
three windows. Here the rougher work required for the 
lectures is performed; here liquid carbonic acid would be рге- 
pared, and fere: in a well-ventilated niche, stands the large 
galvanic battery already mentioned, the wires of which, passing 
through the floor of the theatre above, communicate with the 
electric lamp, now rapidly becoming an indispensable appliance 
of the lecture-table. Farther on is a small laboratory for 
medico-legal investigations; it is lighted from both sides, and 
being accessible only to the director and the lecture-assistant, is 
effectually protected from all undesirable intrusion. Beside the 
room for the rougher lecture work there is a small cellar com- 
municating with the vestibule, in which compounds requiring a 
low temperature, explosive bodies, such as gases condensed іп 
hermetically-sealed tubes, like sulphurous acid, chlorine, &c., 
are preserved, Substances readily undergoing decomposition, 
penerating corrosive vapours, or in any way dangerous, can thus 

e conveniently excluded from the general collection. 

The external’ aspect of the new laboratories is in perfect keep- 
ing with the scale of grandeur of the ground plan. The strect 
front is 180 fect in length ; the side-front, with the main entrance 
for students, has a depth of 250 fect. 

Only the front block of the building has а second story ; this 
contains a most splendid suite of apartments provided for the 
director of the institution. This residence is richly ornamented, 
and wil] in all respects be worthy of the institution to which it 
belongs. The reporter “must not enter into any details upon 
this subject, but hecannot leave unnoticed the imposing entrance 
hall, illuminated by a glass cupola above, and the splended ball- 
room, extending through two stories, amp! satia yng е social 
requirements of a chemical professor o the second of the 
nineteenth century.” 
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SELF-ACTING HYDRAULIC COAL-CUTTING 
MACHINE.* 


Bv W. E. Слвввтт, ENGINEER. 


Ix the general detail of mining operations, the cutting away 
of the under portion of a valuable seam or bed of mineral te 
facilitate its subsequent removal, is at all times one of the most 
laborious and difficult operations, and is often effected by the 
miner under tlie greatest physical disadvantages; more especially 
when the seam of coal is very thin, and is cut on the “end” to 
improve its saleable qualities. This “holeing,” or “ bareing," 
ог“ kirving," or “undercutting,” is usually performed by about 
40 blows per minute from a pick, handled with such experience, 
as to cut З to 4 feet under, at the rate of 1 to 14 yards lineal 
per hour, and destroying much of the coal to make room for tho 
operator, and enable him to work partly into the hole, to pro- 
duce the requisite depth for a fall. 

The speed and effort with which this picking tool is moved, 
combined with its weight, represent the power of one man ap- 
plied in the shape of “ percussive force,” and this, under advan- 
tageous circumstances, is equal to about one-sixth of a horse 
power. The miner could not, with his limited power, force his 
pick, or any other shaped tool into the coal as if he were cutting 
cheese; he is like the mechanic, who has to chip all his iron 
work with hammer and chisel for want of a planing or slotting 
machine, and must reduce it by little as best he can, * in lien” 
of suitable mechanical expedicnts to concentrate and apply power 
in a continuous, undeviating, and determined line. Yet the 
introduction of planing or slotting machines has not injured the 
mechanic, nor the morticing machine the joiner; there is ample 
work which the machine cannot do; and there are innumerable 
mines where no machinery can compete with the skilled miner. 
To apply the power of horses in lieu of manu-motive power, oven 
‘hough one horse is as powerful as six men, is practically very 
difficult. The power of both is dependent on the produce 'of 
cultivated lands; and the fewer horses required the cheaper the 
necessaries for human sustenance. 

There is yet a far more effective substitute for the power of 
both man and horse, which has been inviting our use for cen- 
turies, in the form of what George Stephenson conceived to be 
“bottled up sunshine.” А coal-fed steam engine, of one horse 
power, is twelve times cheaper than one animal horse power, and 
our obedient servant for 24 hours daily, consuming the produce 
of uncultivated lands on which the sun shone ages ago. 

Now it is desirable that in many favourable circumstances 
this “ undercutting ” operation of the miner should be accom- 
plished indirectly by this steam power, and one of the practical 
methods of accomplishing this object is the subject of present 
consideration. 

Tf one collier had the power of say 18 men, and when necessary 


* Paper read before the Nottingham Meeting of the British Asociation, Aug., 1906. 
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could make himself 2 feet high, and hold himself down upon the 
floor of the mine by pressing his head against the roof, and hold 
firm in his hands a kind of cheese scoop in lieu of a pick, and 
could force it steadily into the coal at the necessary height from 
the floor, and to the required depth, he would then be exactly 
what is in many cases wanted: he would bea travelling morticing 
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machine, and do more in one minute than 700 blows from a hand 
wrought pick сап do, and would, in fairness, demand a very stiff 
wage, which he would undoubtedly obtain. 

is is what the Iron Man or Hydraulic Coal Cutter accom- 
plishes. “Не” is, if. necessary, two feet high, bas four legs, of 
adjustable length ; his head is also adjustable to touch the roof, 
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and he weighs опе ton. He is fed by a 2 inch flexible pipe with 
sober drink, at 300lbs. pressure, and at the rate of 30 gallons 
per minute. 

This water pressure acts vertically on a 5 inch piston pressing 
against the roof, and horizontally on one about the same size, 
reciprocating 18 inches and 15 to 20 times іп в minute. There 
із a pressure of 50001Ьв. against roof, and the same pressure 

‚ acting horizontally, forcing three “ cheese scoops” into the coal. 
These ааш tools are 3 inches wide, and penetrate 4 feet, with 
а power equal to 3 horses ог 18 men; and this is effected by a 


consumption of 50lbs. of coal per hour to feed the boiler of the 
engine, which makes the water pressure, and mope the same 
over and over again. Thus this Automaton toca an is dead 
fast when forcing the cutters into the coal, and only requires to 
lower his head 1 inch at the return or back stroke, and advance, 
which he does also self-acting, at its termination, half-an-inch to 
one inch, and then again he elevates his head and is ready for 
the next cutting stroke; his sober veins being filled by incom- 

ressible if not exhilirating “water,” and retained therein by a 
ho valve, for the necessary time, enabling him at that moment 
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to defy the roof to crush him. ' This Self-acting, Hydraulic, 
Coal-cutting Machine, ог“ Iron Man,” which has now been two 
years at work, is the miners’ best friend: it does not dispense 
with his labour, but performs for him the undercutting, which is 
a most laborious operation, either in the end or face of coal, and 
in a more efficient and economic manner than he can do it him- 
self. The coal so operated on by the Machine does not fall 
forward when becoming detached from the roof, but settles on 
the lower bed, thereby avoiding serious accidents. The saving 
in coal alone more than pays for the outlay ; and it 18 practicable 
to cut with the most perfect ease into the floor of mine, thus 
preventing all waste of coal whatever—(See Fig. 3). The size 
of the coal is improved, the amount of slack is considerably 
reduced, and a single seam will yield more by one thousand tons 
of coal per acre, when worked by hand labour in the usual 
manner. 

The Machine undercuts “ holes,” or “ kirves,” with a man 
and boy as attendants, and completes the work with once goin 
over, at the rate of fifteen yards per hour, and at any angle ani 
height from floor or rails, being suitable for either “dip ” or 
“ rise" workings, and is capable of cutting the thinnest senms. 
The pressure of water which actuates this apparatus can be ob- 
tained either from the stand pipes in the pit, or from pumps 
attached to any existing engine, or from an engine and pumps 
specially made for the p pone, The qux necessary 1s only 
what is sufficient to ah the circuit of the pipes, using it over 
again when desirable, as in the Bramah press. Any idea of a 
large volume of water being necessary may therefore at once be 
dispelled. There is also no leakage whatever. 

Each Machine uses rr cas oie per minute, at about 300 lbs. 
pressure, according to the hardness of the coal or mineral to be 
operated upon. In cutting the shale of the Cleveland ironstone 
band, a somewhat greater pressure is found to be necessary. 


-———— ~ 
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There is no limit to the pressure of water that may be used, nor 
the distance it may be forced without loss of power, beyond that 
due to its friction along the pipes, The same water pressure is 
also applicable to work pumps and rotative engines for hauling, 
&c., and other requirements ìn the mine, at a distance from the 
engine power. In cases where there is a fall of water, say of 
100 lbs. pressure, it can Бе“ intensified” by a self-acting Machine 
to 400 lbs. pressure, to work the coal cutter, but sacrificing 
three-fourths of its bulk, which is thereby sct free. 

The water is supplied in a continuous stream; it is, in fact, 
the medium through which the mechanical power is applied 
direct from the first coal-fed motor, (a Steam Engine and 
pumps) in lieu of the usually-developed power derived from 
vital energy, and applied to the handle of a pick, effecting the 
desired object by а series of percussive blows or impacts. The 
power of six men is equal to one horse, and is six times more 
costly; and the power of one horse steam motor, or engine, is 
eighty times cheaper than six men. The machine is about three 
horse power, and weighs one ton, and will work either right or 
left. (See dotted lines on ground plan). It is self-acting in aH 
movements, and will ascend the steepest gradients; being 
simple in all its parts, it is not liable to get out of order, and is 
easily managed by an ordinary miner, and transported from 
place to place, on the ordinary rails, about the mine. 

Although the length of stroke of each cutting tool is eighteen 
inches, the practical cutting length is sixteen inches, and, con- 
sequently, the three cutters jointly give a total effeetive depth 
of four ба at each stroke of the machine, finishing the work ав 
it goes along. The mechanism employed consists of an 
Hydraulic reciprocating Engine, adjustable to any height and 
angle, having а self-acting valve motion. The cylinder is four 
ud a-half inches diameter, and lined with brass, and the piston 
made tight with ordinary hydraulie leathers, easily renewable. 


Fia. 3.-Енр Visw. 


Within the piston rod is attached the cutter-bar of steel, 

ing the tools or cutters. These can be varied in number 
to suit the depth to be holed at one operation. Тһе cutting 
tools are of double sheer steel, easily made, and very strong, 
and can be removed and replaced in a few moments; they are 
readily sharpened on an ordinary grindstone. Тһе cutter bar 
is slso removeable, when transporting the machine from place 
to place, for which purpose the main cylinder is, for the time 
being, placed longitudinal with the rails. (See dotted lines in 


Fig. 1). 

The machine in operation fixes itself dead fast upon the rails 
during the cutting stroke, and releases itself at the back or 
return stroke, aud traverses forwards the requisite amount for 
the next cut, without any manual labour. Should the tools be 
prevented making the full stroke at one cut, they will continue 
to make more strokes at the same place, until the maximum 
depth is attained, when, “only” the Machine will traverse 


itself forward the required amount for the next cut. Thus, at 
one operation, a uniform straight depth is attained, parallel with 
the rails, inducing an even fracture when the coals are brought 
down, and thereby a straight line for the new coal face. There 
is no percussive action, either against the roof or into the coal, 
but simply a concentrated pressure, producing a steady recipro- 
cating motion, at fiteen strokes per minute. There is conse- 
quently, no dust or noise, and little wear and tear. For the 
same Treason, when cutting pyrites, the tools throw out no sparks, 
and the workman can hear any movement in the coal or roof. 
The required height from the line of rails in the “ holeing," 
* kirving,' ог“ bareing," varies in different mines, it follows 
that the hydraulic cutting cylinder, and its direct action cuttin 
tools, have sometimes to be arranged above the carriage, an 
sometimes beneath the main carriage, or close down upon the 
sails, as is illustrated in Fi sland2. Figure lis the main 
carriage, with four wheels far enough apart to allow the machine 
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to be placed longitudinally when being transported from place 
to place. The screws YY are for raising and lowering the 
carriage and its cylinder and cutting tools. Тһе pinion 2 and 
the segmental rack н regulate the desired angle of the tools 
eutting into the coal face, and the two nuts at each end of 
carriage, zz, regulate the angle required, when necessary that it 
shall not be in the same plane as the rails. 

жал are the cutting tools, в the cutter bar, x a guide roller 
for the same; р is the main cylinder, with its self-acting 
hydraulic valve motion, which passes a portion of its water 
alteraatively above and below the piston of the holder on, which 
thus rises and falls without percussion, and follows the uneven 
line of the roof of mine, so that tho required stability is given to 
the machine for the time being, an instant before the cutters 
enter the coal. The “holder on piece” can be any length ne- 
cessary to bridge over gaps in the roof: it is loose on the pin F 
and droops at its leading end to enable it to ride over the 
varying projections in roof. The traverse motion is actuated 
by the pin 5. which connects cutter bar with piston rod, and at 
the termination of each end of its stroke actuates the lever d in 
both directions, whien operates on the pall e which causes the 
chain-pulley to revolve on the chain i, made fast ahead by an 
anchor-prop between floor and roof. 


a ЧН 
ON THE HEIGHT OF ROOMS. 


TO тия BDITOR OF “THE CIVIL EXOINEEE AND ARCHITECT S JOURNAL,” 


S12,—I forward the enclosed paper to you, thinking that it is 
likely to be of interest to architects. 

My object has been to show that perfection, or something 
approaching thereto, is possible, in fixing the proportions of 
rooms, by which word is to be understood not only all kinds of 
private apartments, but also public halls, theatres, &c. I am 

erfectly aware that the theorctical perfection of the cube, the idea 
Я in the first part of my paper, із no novelty; but, since 
it forms the corner stone of my theory, I have deemed it 
advisable. before going further, to demonstrate that it is a sound 
stone and one on which we may safely build. 

As to the practical results to be looked for, I venture to hope 
that the suggestion I'make will be found to exert an influence 
on the design of public buildings and country houses; but, so 
long as the staircase forms a necessary feature іп a house, the 
limit of available space must unavoidably dwarf Ше rooms іп 
town structures. am, &с., 


1, Dorset Place, N.W. Н. N. Сввһыух, Jex. 


In order to solve the problem of finding the ratio which 
should obtain between the plan and elevation of a room, we 
have first to ascertain whether there be any such thing asa 
body of perfect proportions. 

Now perfection, we must bear in mind, is completeness; & 
state in which there is neither defect nor redundancy ; a symmetry 
such that nothing can be either taken away or added without 
deterioration, if not destruction. Making use of this definition 
ав а test, we discover two forms, each perfect; the cube, among 
those bounded by straight lines; and the sphere, among those 
bounded by curved lines. For our present purpose we have to 
do only with the first. 

The cube is a form the proportions of which are perfect, inas- 
much as it admits of no alteration; there is perfect harmony 
among all its parts—cach side is equal to every other, each line 
to every other,—so that no one part can be either diminished or 
increased without causing absolute destruction of the cube. We 
adopt this form then as our standard. 

If therefore the four sides together with the top and bottom 
of a room be made equal each to each, the proportions thereof 
will of course be perfect. But that all our rooms should consist 
of a number cubic spaces would be not only monotonous but 
practically im кеі We have then to discover some for- 
mula by which we may determine the perfeet height, or the 
height which in proportion to other measurements most nearly 
approaches perfection, of any parallelopiped whether eubic or 
not. And we can discover this only ы observing the ratio 
which the height of a cube always bears to the area of the base 
or side on which it stands. Now we know that this is in- 
variably: As the square root of the area of the side is to the 
area of the side; consequently, given a superficial square, we 
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see at once that theline of height to be adopted, in order to 
erect upon it a cube, must be the square root of its area. We 
apply this to any parallelogram. 

t R be a room, the jen of which is to be L, and the 
breadth of which is to be B. LB is then the area of its floor, 
and ,/L B should be its height. For thus, not only does the 
height ./LB bear the same ratio to the arca of the floor L B, 
whether those letters represent equal or unequal quantities, i.e. 
whether the room be cubic or not, but also. the volume L B 
/ UB bears the same ratio to area of floor L B, whether that 
floor be a square or other parallelogram. 

I append the following as illustrations :— 

House of Lords: 90 feet long, 45 feet broad, 45 feet high. 
Height according to formula: 90 Х45--4050. ,/4050--63:63 ft. 

House of Commons: 75 feet long, 45 feet broad, 41 feet high. 
Height according to formula: 75 x 45=3375. ,/3375:-58:09 ft. 

Guildhall: 152 feet long, 50 feet broad, and 55 feet high. 
Height according to formula: 152 х50=7600. ./7600=87'17 ft. 


——————— 


Egyptian Bricks.—Profcssor Unger, in а paper recently com- 
municated to the Imperial Academy of Sciences at Vienna, 
shows that Egyptian bricks possess в special interest, for 
they contain a variety of evidence preserved, as it seems, 
in an imperishable form. In his latest researches he has 
examined a brick from the pyramid of Dashour, which dates 
from between 3,400 and 3.300 в.с., and found inbedded 
among the Nile mud or slime, chopped straw, and sand of 
which it is composed, remains of vegetable and апіша] forms, 
and of the manufacturing arts, entirely unchanged. So per- 
fectly, indeed, have they been preserved in the compact 
substance of the brick that he experienced but little or no 
difficulty in identifying them. Ву this discovery Prof. Unger 
makes us acquainted with wild and cultivated plants which were 
growing in the pyramid building days; with fresh water shells, 
fishes, remains of insects, and so forth, and a swarm of organic 
bodies, which, for the most part, are represented without 
alteration in Egypt at the present time. Besides two sorts of 
grain—wheat and barley—he found the teff. the field pes, the 
common Вах, the te Жар in all probability. been cultivated 
as an article of food, as well as for spinning. The weeds are of 
the familiar kinds: wild radish, corn chrysanthemum, wart-wort, 
nettle-leaved goosefoot, bearded hare's ear, and the common 
vetch. The relics of manufacturing art consist of fragments of 
burnt tiles, of pottery, and a small piece of twine, spun of flax, 
and sheep’s wool, significant of the advance which civilization 
had made more than five thousand years ago. The presence of 
the chopped straw confirms the account of brickmaking as given 
in Exodus and by Herodotus; and the whole subject 18 se 
interesting that it 1s pleasing to know that Prof. Unger intends 
to follow it up. He is of opinion that, by careful examination 
of a large number of bricks, some light may be thrown on the 
origin of Egyptian civilization. 


Public Works in New South Wales.—A sum of £10,000 having 
been voted by the Parliament for the improvement of the rivers 
Murray, Murrumbidgee, and Darling, active measures have been 
taken for carrying out the work. Clearing parties have been 
formed for cutting away and removing the snags and otherobstruc- 
tionsthat impede the navigationof therivers. Ánextensive scheme 
of improvement to Darling Harbour has been proposed by the 
Engineer-in-Chicf for Harbours and Rivers, and submitted to 
the Government. It is proposed to construct a range of wharves 
to enclose the whole of the head of Darling Harbour, with a view 
to the establishment of a railway terminus there, and in connec- 
tion with it to deepen the whole of that part of the harbour to 
twenty feet, so that vessels of the largest class may lie alongside 
the wires to diseharge or take in eargo. In the event of this 
scheme being carried out, many of the ar e London ships with 
goods for the country would doubtless discharge at one of these 
wharves, where they would be enabled to transfer cargo from 
their holds into railway trucks without any intermediate iage; 
and they would also be in a position to take in, from the railway 
trucks, the produce of the country. It is the intention of the 
chiefs of the works department to have, if possible, all the more 
important publie works in the colony photographed for the Paris 
shibitiot of 1867. This would нео е опе of the most 
effectual means of exhibiting the importance of the colony, and 
the progress made within the last few years. 
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STAINCLIFFE CHURCH, YORKSHIRE. 
(With an Engraving.) у 


Tue accompanying view shows the exterior of a church now 
commencing at Staincliffe, in the parish of Batley, to supply the 
wants of a new district. The architect is Mr. Crossland, of 
Leeds, and the contracts, which are let out to different trades, 
аз is the local custom, will, with some additions, render the cost 
of the building about £7,000. Of this sum, £5,000 has been 
already raised in the neighbourhood. The walls are of dressed 
stone, and the roofs will be covered with Westmoreland slate. 
The site, and a donation of £600, have been given by J. B. 
Greenwood, Esq. 


RECENT IMPROVEMENTS IN THE APPLICATION 
OF CONCRETE TO FIREPROOF CONSTRUCTION.* 


Ву Mz. J. INGLE. 


Амохавт the various methods of fireproof construction as 
applied to the floors, ceilings, and roofs of buildings, which 
have been in uso within the last twenty or thirty years, those in 
which concrete forms the fire-resisting medium have been most 
frequently adopted. The main reason for this preference, no 
doubt, is that the horizontal form in which it is generally 
disposed suits best the requirements of modern construction. 

rick arches, though used almost without exception to carry 
the floors of the large fire-proof mills and warehouses of the 
manufacturing districts, have disadvantages which almost pre- 
clude their use in buildings of a more general or domestic 
character. They require walls and girders of great strength to 
sustain their weight and to withstand the outward thrust which 
they exert, and the depth which they occupy on account of their 
rise, when added to the board and joist arrangement above, and 
the ceiling underneath, is so great as to involve a considerable 
increase of height in the buildin to obtain the same clear space 
between the floors and ceilings of the rooms. Of the systems of 
fire-proofing in which concrete forms the chief element, that of 
Messrs. Fox and Barrett is the one which has been most 
extensively used. 

It consists of a series of light rolled iron joists fixed 2 fect 
apart, upon the lower flanges of which are placed fillets of wood 
at intervals of an inch or an inch and a-half. Upon thesea 
mass of concrete is thrown, the depth of the same being 
regulated to some extent by that of the iron joists, the concrete 
being generally brought up flush with their upper flanges. 

The whole is then paved, or covered with an ordinary wood 
floor upon light sleeper joists. The underside of the floor 
receives a second series of wood fillets nailed transversely to the 
first, and at intervals of 12in. or 15in., and upon these the 
ceiling is then formed in the ordinary manner. 

The concrete uscd in this construction, in common with all 
others in which ordinary lime forms an ingredient, is not strict] 
speaking, a fire-proof body. The cementing material whic 
occupies the interstices between the fragments of stone or gravel 
becomes, like ordinary mortar, in setting, в weak carbonate of 
lime, and like the stone, from which it was originally burnt, is 
reduced by calcination to a state of lime. is effect would 
undoubtedly be produced upon any lime concrete which formed 

a floor exposed to a severe con- 


rt of the construction o 
Bagration. 

e application of water to lime in the caustic state converts 
it, of course, to a hydrate ; and while undergoing this change it 
assumes doublo its original bulk and falls to powder. The con- 
sequences, therefore, which might naturally be expected to 
ensue from the play of water from the fireman’s hose upon con- 
crete floors in a calcined state, would be the overthrow or 
fracturo of the outer walls by their expansion. Some of the 
numerous instances of the destruction by fire of buildings, 
which were supposed to be secure from that danger, are 
probably owing to this circumstance. 

I have more especially alluded to this radical defect of ordi- 
nary concrete as a fire-proof medium, because, in the system 
which I am about to describe, a kind of concrete is employed 


* Read st the British Association, Nottingham, 1888. 
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which retains its cohesion and a considerable portion of its 
ripas strength, though water be thrown upon it while in a 
-hot state. 


This method is a local invention, and is known ав “ Dennett's 
fire-proof construction." Ishall speak first of the composition 
of tke concrete, and then proceed to describe the manner in 
which it is applied. 

Gypsum, known chemically as (һо sulphate of lime, and 
which is one of the most perfect non-conductors of heat, is the 
most important constituent of the concrete, and is used in lieu 
of the ordin lime as its cementing material. This sum, 
however, unlike that manufactured into the plaster of Paris 
which is used for ornamental purposes, undergoes в thorough 
calcination. Tho latter is simply roasted in ovens, the finer 
lamps of gypsum being carefully selected for the purpose. Tho 
effect of this roasting is merely to drive off so much of the 
water which enters into its chemical composition as to allow the 

sum to be ground by millstones. 

‘he rapidity of setting which is peculiar to this kind of 
plaster is owing to the fact of its having but little water to take 
up in order to resumo а state of consolidation. 

For the manufacture of the plaster used in Dennett's concrete 
the coarser qualities of gypsum are used, such as in fact, except 
for this al ends ould be duowu aside as mere waste. These 
inferior qualities are largely impregnated with clay, with the 
beds of which it alternates, and this clay when burnt becomes 
the very kind of material which is afterwards added artificially 
in the mixing up of concrete. : 

For this purpose any hard material possessing a high degree 
of poronty is used: such as furnace drosses, oolitic stone, or 
broken brick. The latter being in most cases readily procurable 
is generally used. It is necessary that all dirt and dust should 
be carefully screened out so as to prevent the choking of the 
pores of the brick. 

The sizes of the lumps are graduated so that the smaller ones 
shall fill up the interstices of the larger. By this means, and 
by considerable force used in и the concrete, it is 
made to consist ofa large proportion of the hard material, and 
its strength is much increased by the proper observanco of these 
precautions. 

Some considerable time is occupied by the concrete in setting, 
аза great amount of wateris required to be taken up by the 
plaster on account of its thorough calcination. 

When the setting process is complete a degree of hardness is 
attained, however, to which that of ordinary plaster of Paris 
will bear no comparison, and which is equal to that of the best 
cements. 

The form in which the concrete is generally applied to the 
construction of floors is that of an arch, or series of arches, with 
small rise. These are formed upon temporary centres, which 
may be removed after an interval varying from two to six days, 
soronding to the state of the atmosphere and the size of the 
arches. 

Spans of from 6ft. to 12ft. can be bridged over in this manner, 
the thickness of the arch varying from Зір. to bin. in the crown, 
and from бір. to 10in. in the haunches. Rolled or rivetted 
iron girders form the intermediate supports of the arches, while 
the outer haunches rest троп projections or corbel courses 
in the brickwork. Floors of corridors and cottage rooms can 
be formed, however, without the aid of any joists or girders 
whatever. Ofcourse the arch form presupposes a certain amount 
of support from the abutments, but from the transverse strength 
and t proagtly homogeneous character of the material very 
little if any lateral thrust is exerted on the outer walls. 

If a wood floor is required, sleeper plates and light joists and 
boards are laid in the ordinary way; but if there is no necessity 
for this kind of finish, or if it is desirable to make the upper sur- 
face fire-proof, the haunches of the arches may be filled up to a 
horizontal line and paved with stone, tiles, cement, or asphalte, 
as may be desired. 

The cheapest and best kind of paving, however, is that which 
may be formed by the concrete itself To do this the porous 
material is graduated in size until the surface can be finished 
with the trowel. This surface can be executed in various tints, 
and with different degrecs of polish, 

For bedroom floors this method of finish is particularly 
adapted; it is cleanly, non-absorbent, free from vibration, and 
therefore comparatively noiseless; and what is a very important 
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consideration, particularly in the crowded districts of large 
towns, affords no harbour for vermin. Any objection which 
might exist against these floors on the score of coldness may be 
removed by pinata a sheet of hair felt or matting of cocoa fibre 


under the carpet. 

Floors of coarse plaster laid upon reeds or laths on the 
ordinary joists were formerly very common, and are still used to 
some extent in Nottingham and other towns of the Midland 
district ; and it is no doubt owing to this circumstance that the 
destruction of a dwelling-house by fire is here a matter of very 
rare occurrence indeed. 

The mode of finishing the underside of these floors depends 
upon the character and architectural requirements of the building. 

or banks, offices, hospitals, and many other publio buildings, 
there is often no objection to the curved surface which the soffits 
of the arches present, and which are moreover, well adapted to 
receive coloured decoration. Where, in buildings of a more 
domestic character, a flat ceiling is indispensable, a series of 
light joists to receive the ordinary lathing is affixed to the lower 
flanges of the girders. Ав these form no part of the main 
construction of the floor their destruction in case of fire would 
not impair the stability of the arch, which forms the fire-proof 
medium. 

With regard to the strength of the concrete, very severe tests 
were applied to some of these arches at the new town-hall at 
Hackney, under the direction of the district surveyor, and with 
very satisfactory results. These experiments were tried with 
reference to their capacity for sustaining dead pressure, and also 
with regard to their resistance to impact. In the latter case a 
rough block of stone weighing 250 lb. was dropped from a height 
of 14ft. upon the centre of an arch which was but Зд. thick in 
the crown, and bruised but did not break it; while another block 
weighing 7501Ь., let fall from a similar height upon an adjoining 
arch, went through with a clean fracture, causing no disturbance 
of the general construction. 

Some further idea of the strength and capabilities of the 
material may be formed when it is stated that vaults and domes 
have been executed therein at the new Foreign Offices, of spans 
varying from 10%. to 888. The vault of the latter dimension is 
semi-circular on the section, and the concrete is 9in. in thickness, 
with occasional ribs and groins to the side windows. 

Mr. С. С. Scott, who first adopted this method of construc- 
tion seven years ago for the thorough fire-proofing of Kelham 
Hall, near Newark, the seat of Manners Sutton, Esq., speaks of 
it in the following terms :— 

“I have made use of Messrs. Dennett’s material for fire-proof 
arching, and though I have happily had no practical experience 
of its efficiency as against fire, I can bear witness to its strength, 
and its extreme convenience of application. I have made use of 
it in positions in which I should have found it difficult to intro- 
duce any other fire-proof material, and it has this advantage, 
that the arches constructed of it are so entirely in one mass that 
they cover the space like a compact shell or inverted basin, and 
are consequently almost wholly free from lateral pressure.” 

Тһе cost varies, of course, with the distance of the place where 
the system is adopted, from the localities where the sum is 

uarried, but in most parts of the country it is found to be 
cheaper than any other method of fire-proofing, while in the 
immediate neighbourhood cottage floors can be formed at a cost 
less than that of ordinary wood construction. 
-----т--- 


TRACTION ENGINE. 


A train drawn by a locomotive on the common roads has 
recently arrived at Paris. The locomotive has a tubular boiler, 
carries a tender, a water-tank, and foot-plate in front of the 
engine. The engine is on the top of the boiler; it has two 
cylinders, with reversing gear. It 18 worked from the front, by 
means of & guide-wheel, which is moved by one man; it works 
with ease And perfodt regularity; it can turn in curves of a уе 
small radius, and can follow all the windings of the road. This 
engine, travelling on & level road, or on one that presents no 
gradients of more than three per cent., draws an actual load, 
after deducting the weight of the waggons, of twelve to fifteen 
tons, at a крак of 2$ to 31 miles per Бие It draws at high 
speed, nine or ten miles per hour, a clear weight of from one to 
four tons and a-half. е waggons are coupled one to another 
ав well as to the locomotive, by a mode of coupling which allows 
them to follow all the movements of the engine, however much 
it may deviate from the straight line. 
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RAILWAY ENTERPRISE IN ITALY. 


In Italy there will be shortly working 5,235 kilometres, or 
about 3,271 English miles, of railway. Besides the completion 
of the Venetian lines, which will reach in а few days as far as 
the borders of Шума, and 302 kilometres recontly finished in 
the valley of the Tiber and the Arus, that is to say, Anconas, 
Orte, and Montevacehi Torricella, within two months there will 
be opened to the pabla 817 kilometres of new line, namely, 
those of Pavia and Cremona, Bresica, Mesina, and Catania, 
the completion of the Aretuna and Ferrara and Rovigo, 
which includes the temporary bridge over the Po. Within a 
month Florence will be directly united by railway on the one 
Bide with Rome and Naples, aud. on the other side with Venetia 
and the Friou; the working of the Italian railways will then 
begin to acquire a systematic character. They will have for 
basis two great lines without interruption; the one, 1,080 
kilometres in extent, will traverse the peninsulation Udine to 
Naples, by way of Padua, Ferrara, Podetta, Arezzo, оцат, 
and Rome, and will cross at the Bologna station the other line, 
1,200 kilometres in length, and which already unites Susa with 
Lecce, by way of Turin, Alexandria, Piacenza, Modena, Rimini, 
Ancona, Bari, and Bridisi. 


-e 


ON THE CONNECTION OF PLATES OF IRON AND 
STEEL IN SHIPBUILDING. 


Ву NATHANIEL Barnaby, Assistant Constructor of H.M. Navy. 


Мосн yet remains to be done to make iron shipbuilding a 
perfect art, and there is, perhaps, no one step remaining to 
taken in the path of improvement more important than that of 
substituting a simple and efficient means of joining plates by 
welding, should it ever be discovered, for the present system of 
rivetting. The loss of strength caused by the present system is 
considerable in iron, but appears to be still more serious in steel. 
It forms, in fact, the great bar to the introduction of this most 
promising material into ships of war. As an illustration of this, 
one or two of the many experiments which have been made by 
the Admiralty at Cha ard on Bessemer steel of the best 
quality шау be given. А piece of steel 4 feet long and 12 іпсһев 

road was cut from a half-inch plate, of which the proof stre: 
was 33 tons рег sq. inch. This piece was reduced to 5 inches 
in width at the middle, was supported at the ends by square 
plates rivetted to it, and was carefully centred. plate 
should have broken at 82% tons, and through the narrow part. 
It actually broke at 96$ tons, and then, strange to say, broke 
through the wide part of the plate, tearing away through the 
rivet holes. Thus, while the material in the middle of the 
ges withstood & strain of 38 tons per square inch, it actually 

roke pou the holes at 16:38 tons per square inch, or less 
than one-half the strain. 

In a precisely similar plate, differing from the other only in 
the fact that the rivets connecting the end pieces were 12 inches 
from the edge instead of 2% inches, the plate broke in в similar 
manner at 73 tons, which is only 15 tons per square inch of the 
section of steel broken. Тһе holes in both these cases had been 
punched, and in order to ascertain whether these curious resulta 
were due to the injuries supposed to result from punching, an 
exactly similar arrangement of plates was again tried, in whi 
the holes were, as in the first, 24 inches from the edge, but 
were drilled instead of being punched. The plate then broke 
through the narrow part at 106-76 tons, or 47:53 tons per square 
inch of the steel broken. I do not propose to draw 
inferences from the cipere detailed, or from the series © 
which they form part, further than this, that all which I Propose 
to advance concerning the я of bestowing greater atten. 
tion on the comparative strength of different modes of connecti. 
plates intended to give tensile strength, is even more applicable 
to steel than to iron. Admitting, then, that for the present at 
least, we must be content to connect iron plates by rivets placed 
in holes punched or drilled out of the material, and, therefore 
by tha sacrifice of a considerable portion of the ae of the 
plate, it is manifestly the duty of the engineer and shipbuilder 
to study to make this connection with as little sacrifice 
strength as possible. In every such connection, 
strength of the plates across the outer line of holes, of the butt 
strap or straps across the inner line of holes, and the resistan 
of the rivets to shearing, should be all equal. Two plates may 
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be connected, for скари, by butt straps, во as to reduce the 
strength of the plate by one hole only. The strength of the 
several parts has in this case been estimated on the assumption, 
verified by careful experiment at Chatham, that the shearing 
value of a 4 Bowling rivet, including friction, and taken either 
singly or in conjunction with others, is 10 tons, and that of 
rivets of other diameters is in proportion to the squares of the 
diameters ; also, that the tensile value of the iron between the 
holes is reduced in proportion to the number of the perforations, 
and that this reduction is about 25 per cent. when the holes are 
punched three or four diameters apart. 

This description of butt strap is of no value in shipbuilding, 
because the stringer and tie plates, to which it might otherwise 
be applied, have to be perforated between the butts by rows of 
holes to connect them with the beams. In such plates, in order 
to economize material, it is therefore desirable to reduce the 
amount of fastening at the beams as much as possible. I do 
not think it necessary to punch away for this purpose more than 
4 of the iron: the remaining strength of the iron would then 
probably be { x $ = jths of the whole, во that the straps con- 
necting them should also give {ths of the full strength of the 
plates. Any greater strength at the butts would, of course, be 
thrown away. If the butt strap has to be caulked, this pro- 
ри of strength cannot be retained, as the rivet holes must 

en be placed nearer together. I take, for example, the con- 
nection, by means of a butt strap, of two plates 4 inches 
thick and 12 inches wide, in which the rivets are 1 inch 
diameter, and arc spaced three diameters apart. Then we 
punch out $ of the iron, reduce the strength of the ге- 

ining iron about one-fourth, and have left only $ x $ 
= $. The tensile strength of the plate at 20 tons to the 
inch. is 180 tons, and the tensile oer through the holes 
about 90 tons. If the connection is е by means of a single 
strap, the value of the rivets will be about 71 tons; and if by а 
double strap, 142 tons. Ко appreciable advantage could be 
obtained from a second row of rivets in this case, unless the 
spacing along the edge could be increased. If the rivets are no 
nearer together than is necessary for caulking, a second or third 
row could give no advantage, except in enabling us to reduce 
the thickness of the butt straps to less than the thickness of the 
plate, by reducing the number of rivets in the inner row where 
the butt straps are obliged to break. None of these con- 
siderations are new, but they have been во much neglected that 
those who are familiar with them will justify me in thus re- 
stating them. But there are certain other considerations equally 
important, which have altogether escaped the notice of ship- 
builders. Let us suppose that we have а stringer or tie plate, 
the strength of which is, at the beams, and at the butts, * of the 
fall strength of the plates, and that we have no means of 
increasing the strength at these points. Have we any means by 
which we ean, without altering the strength at these points, 
increase the tensile power of the plate? I think the answer 
would generally be, we have not—the strength of the tie will be 
measured by the strength at the weakest place, and this strength 
is fixed. t I want to show is that this is not the case, and 
that we have overlooked an important element of strength, 
which is conducive to economy of material. Take the case of a 
stringer or tie plate crossing a number of beams, say 3ft. 6in. 
apart, at each of which the strength is reduced to ths of the 
fall strength of the plate. И this plate is brought under the 
action of a steady strain it is a matter of indifference practically 
how many such points of weakness there may be, and how 
much stronger the material may Ба ying between the weak 
points. But when strains are suddenly applied, we have to 
consider not only the number of tons required to break the 
weakest section, but the amount which it would stretch before 
breaking. It is, in fact, the work done in producing rupture, 
“Wiz. : the force applied, multiplied by the distance through 
"which it acts, which is the true measure of the resistance to 
pture. Under these circumstances no elongation will take 
lace in the strong parts of the plate lying between the beams : 
t will all be thrown on the weak points; and if any one of these 
weaker in any sensible degree than the rest it will be con- 
ed to that point. This being the case a large increase of 
wer may be obtained by reducing the strength of the plate 
tween the weak points to the strength at these points, or even 
less than this, provided we get long spaces of uniform 
trength to give elongation. 
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To illustrate this I will refer to some experiments made at 
Chatham with armour bolts, with reference to a proposal of 
Captain Palliser’s. The proposal was to apply to armour bolts, 
having screws cut on them, the well-known principle that the 
bolts would be strengthened at the screw thread, and become 
less liable to break by a sudden jar, if the bolt, or a portion of it 
beyond the thread, were reduced in section to the same area as 
the iron left uncut at the thread. 

The experiments referred to, made under my own careful 
observation, showed— 

1. That iron bolts of good quality and of uniform diameter, 
subjected to a steadily increasing strain, elongate before breaking 
about one-fifth of their original length. 

2. If the diameter is not uniform, but ів decreased through a 
pona of the length, then the reduced part elongates about one- 

h of its length before breaking, and the larger portion 
scarcely stretches at all. 

3. tf this reduced part is very short, as in the thread of a 
screw, the strain required to break the bolt, is the same per 
square inch of the unstretched or original section as in the 
previous cases, but there is scarcely any elongation before rupture. 

4. Ifthe whole length of the bolt is made to the reduced 
diameter of the screw thread, so that the thread projects from 
the bolt, the breaking strain (gradually applied) is the same as 
before, but as the bolt will stretch one-fifth of ita length before 
breaking, it becomes thereby less liable to rupture by a sudden 
blow, because, as already stated, the work done іп produci 
rupture is in proportion to the weight or strain applied, multt- 
plied by the elongation or the distance through which it is 


applied. 

The details of one 
follows :— 

Four bolts were taken, all made of best selected scrap iron, 
for the purpose of the experiment, and all of the same diameter, 
viz., 2} inches ; screw threads were cut in the ends of these, and 
nuts fitted. The other ends were formed with heads, leaving a 
length of 21 inches between the heads and the nuts. The four 
bolts being thus as nearly alike in every respect as they could 
be made, two of them were reduced Фа on the anvil for a 
length of 44 inches in the middle of their length, to a diameter 
of 11 inches, which was the same as that of the iron remainin 
within the screw threads. The two other bolts retained the f 
diameter throughout. They were broken in the hydraulic press, 
with the following results :— 


portion of these experiments were as 


А 15 Tons por Elongation. pere 

reski .In.in » In. У 2 

Geraint ааа ана қы 108 Тар ра оно 
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Bolts not } No.1 63 276 228 Nil. i 3 At thread 
reduced | No. 2 69 . 2.76 25.0 Nil. jbare Ditto 
Bolts re- | Хо. 1 64 1.67 38.33 1 12 1 зеце 
duced. f коо 665 207 31.68 I 1 1} Dittoe 


The fact that the strains of greatest magnitude in а ship are 
sudden in their nature, makes the principle under consideration 
one of no slight importance, because we see that by its application 
we are able to increase the time during which a given force must be 
applied in order to produce rupture. As the material is disposed 
at present in iron decks, and stringer and tie plates, the plates 
are pérforated in the lines of the beams, not only by the holes 
required for the rivets to attach the plating to the beams, but 
by the deck-bolts which secure the wooden deck lying on the 
iron plating. The loss from the iron punched out, and the 
weakening of that which remains, amounts, on the whole, to 
from 30 to 40 per cent. of the original strength of the plates. 
These lines of weakness occur at intervals of about 3 feet 6 inches, 
and between them the plate has its full strength, except where a 
butt occurs. 

The consequence of this is that when the deck is put in tension, 
the stretching is confined to these weak places, and the amount 
of work which the whole combination is capable of doing before 
rupture is extremely limited. In order to remedy this state of 
things, I propose to remove all the wooden deck fastening from 
these weak places, and put it on either side of the beam. Тһе 
number of rivets for attaching the plating I also propose to 
reduce. Ву this means a strength of plating is obtained across 
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the lines of rivetting of about three-fourths of the full strength 
of the plates. The next thing to be done is to reduce the 
strength of the plating between the beams to the same amount. 
This might be done by cutting holes in the plates; but instead 
of this I propose to omit the butt straps, and to arrange the 
plates so that in cach of these spaces there shall be a continuous 
series of butts and plates, in the proportion of one butt for every 
three plates. In addition to this reduction of material, І рго- 
pose to leave intervals between the butts of about one-third 
the distance between the beams, so as to get long spaces of 
uniform strength between the beams. 

The length of the intervals between the butts will be de- 
termined by the number of rivets which can be placed in the 
edge of the butted plate between the beam and the butt, as 
there must be sufficient to break the plate across the beam. 
A short piece of edge strip on the under side doubles the 
shearing value of the rivets, and allows about one-third of the 
distance between the beams to be admitted. Тһе advantages of 
one system over the other are, I think, the following :— 

1. In the ordinary system one-fifth or onc-sixth of the iron is 
punched away: by that proposed only one-ninth or one-tenth is 
punched out. There is from this cause a gain in direct tensile 
strength, to which must be added an increase of strength in the 
iron between the holes. These are together equal to about 12 
per cent. 

2. The strength of an iron deck under compression is limited, 
not by the area of section, but by its resistance to buckling 
between the beams. According to the ordinary mode this is very 
small, since it is quite free to bend downwards between the beams. 
But by spacing the deck fastening, as shown, at intervals of about 
2 feet instead of 3 feet 6 inches, the tendency to buckling would 
be redueed. The wooden deck would thus, both by its own 
direct resistance to compression, and by the support it gives to 
the plates, play a most useful part in compression, although it 
is powerless as against extension when in connection with iron. 
I therefore conclude that no loss of compressive strength is 
incurred by the holes in the plates. 

3. All the holes for receiving the deck fastening may be 
unched, whereas if the fastening is in the beam flanges, the 
hole for them must be drilled either in the plates or in the 
cams. 

4. Тһе expense of cutting, fitting, punching, and rivetting butt 
straps is avoided. "Where the material employed is steel, the 
gain is more considcrable, as all the holes in the butts of the 
lates and in the straps have to be drilled to prevent the injury 
one by punching. 

5. The weight of material admitted at the butts amounts to 
one-seventh of the whole material employed. 

6. There is a gain in strength against injury and rupture by 
the action of sudden forces, the amount of which is not sus- 
ceptible of ealeulation, but which, being in proportion to the 
extent of the spaces of uniform strength which have been 
introduced, is, I think, very considerable. | 

The novelty of this proposal шау be said to consist in so 
arranging the iron or other metal plates forming the flanges of 
girders, bridges, and other structures, or employed in decks, 
partial decks, stringers, or ties in a ship or verte, as to make the 
tensile strength of the unperforated plates, intervening between 
adjacent butts. equal or nearly equal to the strength of the said 
intervening plates taken together with that of one of the butted 
plates where they are perforated, i.e., across the row of holes 
made for the purpose of attaching the plates to the beams, 
angle irons, stiffeners, or other iron framing, and by this means 
rendering the use of butt straps in such combinations unnecessary. 
In other words, a section through the plates between the beams 
or stiffeners is made to have, without butt straps, about the 
хаше tensile- strength as a section through the fastening at the 
beams or stiffeners, for the purpose of forming spaces of uniform 
tensile strength not greater than that of the weakest place in the 
combination. In these intervals elongation will take place (to 
an extent. depending on their length) before the materials can 
be ruptured. so that an increased amount of work will require to 
he done by the operation of а given strain in producing rupture. 
Also, in increasing the resistance to rupture under sudden strains 
in single plates, by reducing the tensile strength throughout 
certain intervals between the beams, angle irons, or stiffeners, 
and approximating to that at the beams, angle irons, or stiffeners, 
by cutting out portions of the plate. 
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I am aware that iron decks are not used in merchant vessels, 
although they are in all iron war ships built for the Admiralty, 
and I consider it to be false economy to substitute, for such dec. 
or partial decks, stringers on the ends of the beams, tie plates 
near their middle, and diagonal braces between them; as I think 
it clear that from the round up of the beams, and other causes, 
в considerable portion of this material is unable to succour the 
rest when the top of the ship is put in tension or compression. 
The strength of wrought iron in extension and in compression is 
&bout the same, yet the bottom of the ship is usually made 
enormously stronger than the top. Some iron ships, indeed, 
have no proper top, or only & wooden one. Much of the 
strength of the bottom, which might otherwise be mado available 
in giving strength to the ship, considered as a floating girder, is 
thus wasted. 

I hope that the economical considerations pointed out may be 
not only useful in lightening and strenthening ships designed. 
for war, but in inducing private shipbuilders to introduce partial 
iron decks, so formed, into ships designed for commerce. These 
proposals do not form the subject of any patent. 


—————— 


THE PARISH CHURCH, BIRSTAL. 
( With an Engraving.) 


Втьвтат, a place of some importance a few miles from Leeds, 
has & large parish church, upon which the work of restoration 
and enlargement has been started. The plan is unusually large, 
and consists of nave and chancel, with an aisle on each side ex- 
ii Е whole length of the building, while an extra aisle 
on each side oceupies the length of the nave only. А small 
tower, situate within the building, rises from the west end. The 
style of architecture partakes largely of the “ Perpendicular.” 
but in the new features Ше“ Decorated " style has been followed. 
This is particularly observable in the aisles and clerestory 
windows, which are being reconstructed. The cbancel is of 
very “ Late” character. The architect to whom the restorations 
are entrusted is Mr. W. H. Crossland, of Leeds. 


——————— 
THE WORKS ON THE MONT CENIS TUNNEL.* 
By Тномав SorwrrE, Jux, С.Е. 


Тніз tunnel is to be the completing link of the Victor Em- 
manuel railway, which will put nce in direct railway com- 
munication with Italy, and place Turin within eighteen hours’ 
journey of Paris. In June, 1863, the railway was opened on 
the French side to St. Michel, in Savoy, and on the Italian 
side to Susa, in Piedmont. Modane, near to which is the 
French, or north entrance to the tunncl, is about 10 miles from 
St. Michel, on the * grande route' to Turin. Thence the tunnel 
will pass under the Col de Frejus, about 18 miles west of the 
actual Mont Cenis, eoming out in Italian territory near Bar- 
donnóche, about 24 miles from Susa. The traffic is at present 
conveyed from St. Michel to Susa, a distance by road of about 
50 miles, by the ‘grande route’ originally made by the first 
Napoleon, and known as the Mont Cenis pass, the lowest of the 
Alpine passes. When the tunnel is finished, it is not unlikel 
that postal communication and traffic with India may be ad. 
vantageously transferred from Marscilles to some Italan port. 
By referring to a map it will be observed, that the line of rail is 
nearly straight from Paris to Maçon, Culoz, and by the tunnel, 
to Turin; it afterwards continucs by railways already opened, 
or in course of construction, to Ancona, thence to Brindisi. on 
the cast coast of Italy. A north-west wind prevalent at Mar- 
scilles and in the Mediterranean, more particularly during the 
winter months, makes the entry and ‘beating up” to that port 
extremely difficult, and sometimes obliges the captains of 
steamers to abandon the direct line from Malta, and to keep 
along the coast by the South of Sardinia and France. 


* Paper read before the Institution of Civil Fogineers. 
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The advantages that might be expected to arise, from the 
establishment of railway communication between Italy and the 
rest of Europe, have not been underrated ; and Italian engineers 
have, for more than twenty years, considered various projects 
for overcoming the natural difficulties which intercepted it. Of 
the proposed routes, that selected scemed to be the most feasible ; 
and, indeed, it was only a question whether the mountain should 
be crossed by a series of inclines, with engines specially adapted 
to them, or whether a tunnel should be constructed. 

In 1867, MM. Sommeiller, Grandis, and Grattoni, engineers, 
who had already surveyed the line of railway now adopted, and 
who were then engage upon other works in which compressed 
air was employed, brought before pobun notice a plan for using it 
to drive machinery for replacing tho ordinary method of boring 
by hand-labour. Бареш, at the expense of the Italian 

vernment, were е near Genoa with machines on this prin- 
ciple, and with compressed air as a motive power. These were 
во satisfactory that a Commission was appointed to examine how 
far these machines were applicable to the proposed tunnel, as 
well as to ascertain if there was sufficient water-power for com- 
pressing the amount of air necessary for working them. An 
abundant water supply having been found to exist at each end 
of the proposed tunnel, and the report being otherwise favourable, 
the project was accepted, and, pending the construction and 
erection of the machinery, a commencement was made, at both 
ends, by ordinary mining, іп the beginning of the year 1858. А 
careful examination of the geological features of the district 
showed that no particular difficulties were to be apprehended in 
the rocks to be pierced by the tunnel, these being, for the most 
part, micaceous, and talcose schists, traversed strings and 
veins of lime and quartz. It was predicted that a bed of quartz, 
100 mètres thick, might be encountered near the north end ; but, 
во far as can be judged, the ‘forchead ' is already in advance of 
the place where it should have occurred ; so it is to be hoped 
that some change of inclination diverts it altogether from the 
line of the tunnel. The ordinary difficulties of making a tunnel 78 
miles in length are in this case much increased, on account of 
the impracticability of sinking shafts on the line to ventilate it ; 
and its progress must necessarily be slow for the same reason, 
only two points of attack, the ends, being available. Without 
being sanguine that, by the aid of machinery, the time which 
шет be required to make it by ordinary means could be 
greatly reduced, the work would perhaps never have been 
undertaken, as, judging from the usual rate of progress in such 
cases, it must have required from thirty to forty years to com- 
plete it. It was feared, and urged as an objection, that the 
ventilation before the tunnel was finished would be so imperfect 
as to prevent, or at least materially to retard, its construction. 
The Author never entertained any apprehensions on that 
account, as the ventilating air-current in many coal-mines 
passes over a longer distance, and far exceeds in quantity any 
possible requirement at Mont Cenis ; and by the introduction 
either of a horizontal or a vertical brattice, the tunnel may be 
laced under the same conditions as many parts of a coal-mine. 
Ft would have been almost impossible to employ any other power 
than compressed air for working the machines in the ‘ forehead,’ 
which affords, after its escape, a supply of fresh air to the work- 
men, and by expanding from a greatly reduced bulk to its former 
volume, and consequent absorption of heat, the temperature, 
when the men are at work, is considerably reduced, seldom 
exceeding 709 Fahr. It is also readily applicable for general 
urposes, and small engines for pumpi я &c., аге driven by it. 
Ба made at the surface, is used for lighting the tunnel at the 
Bardonnéche end, and is introduced by pipes up to the ‘ forehead.” 
The tunnel, on leaving Modane, is of the following dimensions : 
25 feet 34 inches wide at the base, 26 feet 23 inches wide at the 
broadest part, and 24 feet 73 inches in height, the arch being a 
semicircle nearly. А+ Bardonnéche the height is increased 114 
inches, and the arch is made elliptical, to resist the greater strain 
caused by a different inclination of the strata. The exact 
length between the ends із 7:5932 miles, ог 7 miles, 4 furlongs, 
7 chains, 9 yards. The present ends will not, however, be the 
actual entrances when the tunnel is finished. To avoid sharp 
curves, the line will leave the tunnel about 415 yards from the 
tge Modane end, and 273 yards from that at Bardonnéche. 
e tunnelat Modane is built entirely with stone; at Bardon- 
néche the side walls only are of stone, the arch, with the 
exception of 327 yards at the beggining, being of brick. The 
northern entrance, at Modane, is at an elevation of 3,945 feet, 
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and the Southern entrance, at Bardonnéche of 4,379 feet, above 
the sea. There is a difference in level therefore of 434 feet 
between the ends. On this account the tunnel will leave 
Modane with a rise of 22:20 per 1,000, or about 1 in 454, and 
will continue so for one-half its length, when it should attain 
the elevation of the rails from Bardonnéche, which are to have a 
rise towards the middle of 0°60 per 1,000, or 1 in 2,000 only. 
The highest point on the surface in the line of section is 
9,525 feet above the level of the sea. When once the work is 
completed it is eevee that there will be а constant draught 
from the north to the south, as the latter is not only higher and 
the air more rarefied, but it is exposed in a greater sears to 
the heat of the sun. 

Before proceeding to state the rates of progress made by the 
ordinary means, and those obtained since the introduction of 
the machinery, the Author will give a brief description of the 
system of tunnelling pursued at Mont Cenis, as a general idea 
of this system is indispensable for the appreciation of the state- 
ments which will shortly be made; and he will reserve for 
subsequent consideration more detailed notices of the machines 
employed. The establishment at each end of the tunnel consists 
of machinery for compressing the air, workshops for making 
and repairing machinery, offices, storehouses, residences for 
the engineers, barracks for the workmen, forges, &c. At 
Modane the entrance is about 328 feet above the bottom of the 
valley, up which the railway passes, and where the workshops 
are placed. The railway, to gain this elevation, makes a 
‘détour’ up the valley. The entrance is, however, in direct 
communication with the shops, by an inclined plane, with two 
lines of rails, worked by a water-balance, the inclination being 
about 30°. 

Experiments and attempts have already been made, both in 
England and in America, with a view to introduce machinery 
for tunnelling, but never with complete success. In England a 
machine introduced by Captain Penrice, R.E., was е and 
tried near N телца рад D'yne, and was afterwards used by 
the Ebbw Vale Iron Company. It was intended to bore a 
gallery about 4} feet in diameter, by means of a frame with six 
radiating arms, or ribs, finished with cutters fixed on a shaft 
worked direct from a steam cylinder, making as many as one 
hundred strokes, or blows, per minute. y this system 
the whole of the material extracted would be in the form of 
chippings and coarse grains, and in thus reducing it to so small 
& Size, much unnecessary work would be performed. Any 
means of tunnelling by machinery, іп which the power afforded 
by the expansion of gunpowder 1s not made Нако must fail 
to be economical. М. Sommeiller's system has the great 
advantage of using it. His ея has been to apply machinery 
to bore small holes to receive the charges of gunpowder, and to 
do this in less time than can be accomplished by hand labour. 
This has been effected by mechanism of very ingenious con- 
struction, composed of two distinct machines. One is a fixed 
то engine, and its duty is to work the valve of the larger 
cylinder, to advance or withdraw the latter on its frame as ma 
be required by the increasing depth of the hole, or to allow of 
the borer being replaced, and, у, to give a rotary motion to 
the borer itself. e other machine comprises a larger cylinder 
for propelling the tool, or borer, against the rock, the tool or 
borer being a direct continuation of the piston rod. The piston 
rod is large, and а constant pressure is Кері on the annular 
surface of the piston, to return it after each propulsion, 
without the use of a valve with double action. The air for 
driving these machines is at about 5 atmospheres above atmos- 

heric pressure, and each machine makes two hundred and 

fty strokes per minute. The pressure on the piston in striking, 
deducting that required to overcome the constant pressure on 
the other side, is 216 lbs. Calculated by the pressure of the 
air, and the number of feet travelled by the piston per minute, 
each of these machines is of .P.; presuming, as the 
Author believes to be the case, that the compressed air is not 
used expansively, or cut off before the end of the stroke. The 
length of the stroke may be varied from 2 inches to 7} inches, 
and the diameter of the cylinder is 24 inches. Each of those 
machines weighs about 6 ewt. А stock of the machines is kept 
on hand to replace those that are injured. The work is so 
severe that, он h simplified as much аз possible, the 
machines are still liable to frequent derangement. On an 
average, after ара: or ten ‘shifts,’ or, say, after boring from 
sixty to eighty holes, a machine needs repacking, and perbaps 
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the replacing of some working part. It may not perhaps be 
too much to say, that four machines must be kept in reserve for 
one that is working. The cost of each machine is about £80. 
A strong iron frame, weighing with the apparatus it carries 
15 tons, provided with levers, crossbars, adjusting screws, &c., 
moves on rails close to the ‘ forehead,’ and on it are fixed the 
machines. Each machine can be made to work at almost any 
inclination; but as, in doing so, it is likely to interrupt the 
efficient working of tho others, the holes may practicably be 
considered as being bored nearly horizontal, an increased number 
making up for any loss on account of their not being so well 
placed as they might have been. This is not so great a disad- 
vantage ав it may appear at first sight. Miners consider it of 
great importance that the holes should be во situated as, when 
exploded, to lead to the disruption of the largest quantity of 
matter. It is, however, of М е importance at Mont Cenis, 
that the rock Bough away should not be in large pieces, as a 
longer time would then be required to remove them, and possibly 
in some cases, the pieces might have to be again broken up by 
blasting. The frame carries at Modane eleven machines, and at 
Bardonnéche nine machines. The size of the advanced galle: 
is about 10 feet square: but an experiment is being e wit 
в gallery of 7 feet square, in which case the necessarily smaller 
frame can only carry 7 machines. If this is successful the 
system will be much more practicable, and will be an important 
consideration for mining proprietors; as the original size of 
10 feet square, if indispensable to the efficiency of the machines, 
is too great for ordinary mining galleries. Behind the frame 
there is & truck, bearing wrought-iron vessels filled with water, 
which is kept at a pressure of about 6 atmospheres, by being in 
communication with the compressed air, and is used for the 
jets, one to each machine, which keep the tools cool, and 
remove the borings. The air is conveyed along the tunnel in 
pipes about 7$ inches in diameter. Bome distance from the 
Ў forehead "а caoutchouc pipe conveys it to a small reservoir оп 
the hinder part of the frame, from which it is taken by 
caoutchouc pipes, about 2 inches in diameter, to each machine. 
Each time of working, or ‘shift, about eighty holes are bored. 
When these are completed, the frame and machines are with- 
drawn, and another set of men charges and fires them, spun 
relieved by others, who Решоте the rock shot down. e 
division of time amongst them is very variable. It may, 
however, be assumed as (m 
6 to 8 hours for the machinist, 
1% 02 , » charging and firing, 
8 tob , » . removing ' déblais, 
or hardly two complete 'shifts' every twenty-four hours. In 
June, 1868, during twenty-seven working days, forty-six ‘shifts’ 
were worked; except, as in June, when there was а fóte more 
than usually popular amongst the workmen, and when the works 
were suspen Ki for three days, for the Féte d'Italie, the works 
are continued day and night, without interruption, Sundays 
included. An alignment is made once in three months, from an 
observatory at each end. Ав yet no error has been detected. 
Тһе frame is provided with an engine, worked by compressed 
air for advancing it into, and withdrawing it from, the ‘ fore- 
head." At the completion of a ‘shift’ it is withdrawn from 60 
ards to 100 yards, to the shelter of some doors, removed 
rom time to time as the ‘forehead’ progresses. When it is 
again required, it can be taken to the ‘forehead’ in two or three 
minutes; owing to the length of borers used, 6 feet is quite 
near enough, and once there, little time is required for setting 
the machines to work; within five minutes, two or three per- 
haps are in operation, and in ten minutes nearly all. Three or 
four large holes 34 inches in diameter, are bored about the 
middle of the ‘forehead;’ the remainder are about 11% inch 
diameter and 2 feet 8 inches to 3 feet deep. The larger holes 
are the same depth, but are not charged, their ратове being to 
ease the others only, and to increase the effect of their explosion. 
The holes round these larger ones are the first charged and 
fired, making a cavity in the middle, or ‘laying in’ as it is called 
by miners. The remainder are exploded in turn from the cavity 
outwards. The workmen—Piedmontese for the most part—are 
hardy and courageous under circumstances which require more 
than ordinary perseverance. An inducement to work is given 
in a premium upon more than a certain advancement per day in 
the advanced gallery. The distance on which the premium is 
based varies with the nature of the rock. The standard is now 
1 métre рег дву. 
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For 115 métres 11% day’s wages are paid 
М 2 ” 1+ » ” 
” 1% ,* 11% ” ” 
j$ 1 and above, 1} » ” 


This is reckoned and is subject to adjustment every fortnight. 
For removing ‘ déblais ' produced | explosion, there are two 

lines of rails at Modane, one on each side of the line which 
carries the support and the machines. It is removed in small 
wagons to the end of the advanced gallery, is there tipped into 
larger wagons, and is thence taken by horses outside the tunnel. 

e removal of the products of explosion is very well organized, 
and could only be improved by в system of removing en masse, 
which would be difficult to carry out. It may be possible, 
however, to construct an iron frame running on wheels, to be 
placed at the * forehead ' at the time of explosion, which would 
receive the greater part of the products of explosion, and this 
is now under consideration. Much time would be saved if such 
а system were practicable. 

fore giving some data as to the number of men employed, 
the progress, &c., a few words must be said about the machinery 
for compressing the air. Water is the motive power for this 
ро and a system of applying it has been adopted by М. 

ommeiller, which though novel, is expensive in construction 

and crection, and not very effective. ju canal, about 2 miles 
long, brings the water at Bardonnéche to a height of 85 feet 
above the level of the machines. At each end there are ten 
machines of the kind about to be described. Each machine 
communicates by в pipe, 24 inches in diameter, with the 
reservoir of water above, as also with а wrought-iron vessel, of 
boiler shape, and about 610 cubic feet capacity, one being 
attached to éach machine. The air is compressed up to 5 
atmospheres above atmospheric pressure. Тһе compressed air 
introduced into the reservoirs is kept at & constant pressure of 
5 atmospheres by a water pipe from a reservoir with that pres- 
sure. д pipe, 74 inches eter conveys the air from the 
reservoir to the tunnel. The joints of this pipe are very tight, 
being turned and a caoutchouc ring compressed in each. The 
pipes rest on rollers, carried on stone pillars, and expansion 
joints are introduced occasionally outside the tunnel, where the 
temperature is variable. 

is system of compressing air (à coup de belier) is also 
established at Modane; but there was a further difficulty at 
that place, in not having water available at a sufficient pressure, 


although there was an abundant supply ata lower level. М. 
Sommeiller therefore carried out the singular idea of using the 
same machines as at Bardonnéche, to avoid the additional cost 


of esa others of different dimensions, although in doing 
во he was obliged to erect а large cistern, near the machine 
house, 86 feet above the machines, as at the other end of the 
tunnel, and pump the water into it, for effecting the compressure, 
by means of water wheels, at a greatly increased cost of con- 
struction, complication of machinery, and loss of power—the 
more to be regretted as a subsequent introduction of pumps for 
compressing the air, worked direct from water-wheels, gave 
better results and were cherpar 

The system last introduced at Modane, consists of a horizontal 
pump, with a vertical branch at each end, worked by connecting 
rods from the cranks of a water wheel; two such pumps be 
worked by each wheel. The pump із 21} inches eter, an 
the stroke 5 feet long, Each makes 12 strokes per minute, and 
each is capable of sending more air into the reservoirs than one 
of the other more complicated machines, and with a less expen- 
diture of powcr. The piston is surrounded by water, which 
rises with each stroke of the piston, in tho two vertical branches 
alternately ; the variation of pressure, or resistance against the 
wheel, is very considerable, increasing, of course, towards the 
end of each stroke; a heavy fly-wheel is therefore placed inside 
each water-wheel. This system is obviously to be preferred to 
the other, in any application of machinery to be used for com- 
pressing air. 

Such being a general description of the machinery, both for 
compressing air and for applying it to the advancement of the 
tunnel, the remainder of ds Po er will be confined to state. 
ments of, and considerations on, the progress actually made, and 
to be expected, in comparison with that already made, under 
nearly similar circumstances, by hand labour,—the probable 
duration of the works,—the number of workmen employed,— 
and the principal points of an agreement made between France 
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and Italy, on the acquisition of Savoy by the former country, 
when nearly half the section of the tunnel became French terri- 
tory; but the Italian Government undertook the responsibility 
of finishing the whole of the works. 

The Author has twice had the privilege of visiting the works 
on the Mont Cenis. The first time was in the autumn of 1860; 
the second was in July of 1863. At the date of his first visit, 
machines had not been applied at either end. The machinery 
was first applied at Bardonnéche, in the beginning of 1861, and 
at Modane on the 25th of January, 1863. As before stated, the 
tunnel was commenced by ordinary means in the beginning of 
1858. 

The following are the rates of progress in the advanced 


е -- 
негі Морлкв. 


Hand mouet From 1858 to end of 1862, 5 years, 1:655 feet 

er day. 

Mac iet, From January 25th, 1863, to June 30th, 1868, 
166 days, but 163 working days only, advancement of 
171-26 mètres = 1:119 mètres, or 3:686 feet per day. 

BanDoNNECHE. 

"Hand labour. From 1858 to end of 1860, 3 years, driving 
724 шМтез = "6612 metre, or 2:148 feet per day. 

On the introduction of machines in 1861, but little progress 
was made, owing to the breakage of compressing machinery 
(170 métres about). In 1862 there was an advancement of 380 
mètres = 1:040 mètre рег day, ог 3411 feet рег day. 

The following notes of advance at Modane were copied from 


the shift book of the Mining Engineer, in which every detail 
ee to the progress made is entered, and afterwards tabu- 
ted :— 
à жасады h of 
(eer eee rd 
1863, January 25th > 921 mètres. 
Ж M 31st ( 6 days) 443 925:43 Ss 
» Feb. 28th(28 „) 23°31 94874 , 
» March 318 (31 , 34:44 98318 , 
» April 30th (30 ,, 8142 1,014060 , 
" y  3lst(31 , ) 3880  À 105340 ,„ 


5 30th (27 , ) 3885 1,009225 , 
January and February apart, when the men were unaccustomed 
to the new work, it seems that the rate of progress was 1:206 
mètre, or 3:963 feet рег day, and taking June alone, 1:439 mètre, 
or 4719 feet per day. In June there were 46 shifts; the mean 

rogress per shift must then have been "8445 métre, or 2:769 
eet. Comparing the progress made from 1858 to 1863 by hand 
labour (5047 métre рег day), with that obtained during the 
entire time the machinerv has worked (1119 metre per day), 
the latter is in the proportion of 2:217 : 1. Or, what is fairer, 
considering the disadvantages the machines laboured under 
before the workmen were disciplined in their use, taking the 
progress in January and February apart, 1:206 mètre per дау; 
the proportion is 2:389 : 1, and taking June only, 14% mètre 
рег day 2'851 : 1, or nearly 3 to 1 at Modane. 

The above progress was, both in the case of machine and 
manual labour, in a gallery 10 feet square, 11 machines being 
employed, of an aggregate force of 26} H.P., estimated by the 
or tule applied to steam engines. 

ROBABLE Duration оғ Work.—June 30th, 1863. 
1,092:25 métres had been pierced at Modane 


1,450:00 % » Bardonnéche 
2,542°25 » inall 
9,677:75 „ yet to complete 


12,220:00 métres.—Total length of tunnel. 
Assuming the progress to be as in June last, at the rate of 
1:439 mètre at each end, 9 years 2} months will be required from 


* Referring to previous notes, the Author finds it mentioned that at the date 
of his first visit to Modane, twelve miners were constantly engaged in driving the 
advanced gallery ; there were three sets, each working eight hours ; st Bardonneche 
twenty miners per shift were so employed, 

+ The progress at Modane, since the introduction of machinery, seems better 
than at the other end. It must be remembered that it was onl applied there two 
years after its introduction at Bardonneche, where the first an t difficulties 
consequent to applying new machines were to be contended with. 

+ In making calculations three days are subtracted in June, in which the 
bapa suspended doring the Fete d' ще, oe а. із, потехе, made 

for repairing machinery, or air-pipes, g Y. wor. been 
suspended for a few hours ionally, ve 
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June 80th, 1863. Іп view, however, of the greater facility with 
which the machines will be worked when the men are more 
habituated to them, and of better results when their power is 
increased, as is now proposed, and their construction and applica- 
tion simplified, although quite aware of the increased difficulties 
to contend with as the ‘forehead’ advances, the Author thinks 
it probable that an advance of 2 màtres per day will shortl 
be made at each end. А great delay is now caused by the length 
of time required to remove Ше *déblais. If indeed a system 
were introduced for removing Ше ‘déblais en masse, instead of 
by small wagons, then 60 shifts might be worked per month, and 
2 mètres would be a moderate estimate. That rate at each end 
would require 6 years 7 months only, compared with 26 years 
3 months at the rate (5047 mètre per day) made at Modane 
before machinery was introduced. . 
The advanced gallery is enlarged to full tunnel size, and walled 

ри i means. A conduit is made between the two lines 
of rail, for drainage. 

Any favourable judgment on the results obtained at the Mont 
Cenis must be modified by the consideration of the enormous 
cost of establishing and working the present system at that 
place, as well as the large number of workmen required. Of 
the cost of the establishment it would be difficult to make even 
an approximate estimate. Тһе machinery was nearly all made 
at Seraing, near Liége, 

The expense of applying M. Sommeiller’s system depends, 
necessarily, very шоб on local conditions. And although ig- 
norant, as he has already said, of the cost of establishing and 
working it at Mont Cenis, the Author will endeavour to institute 
a rough comparison, between the cost of boring any large tunnel 
by machinery and by hand labour. In this he is greatly assisted, 
by having been able to obtain some information about the num- 
ber of men employed under the present system, which he believes 
to be reliable. As first in importance the men in the tunnel 
will be enumerated. In the advanced gallery at Modane, the 
machinists work a shift of from 6 to 8 hours and are relieved by 
charges, who in turn are replaced by men to remove tho 
*déblais.' А second set of machinists follows the latter, but the 
same charges and labourers serve, their work not lasting long. 
There are therefore 2 sets of machinists, 1 set of charges, and 
1 set of labourers, The machinists for 2 shifts amount to 88, or 


44 per shift. The charges to 9 per set. The labourers for 
removing the déblais’ to 30, a total of 127 in the 
advanced gallery. 

For enlarging the tunnel there are three sets of miners per 


twenty-four hours, and two sets of masons, all working eight 
hour shifts, in number amounting to 344, which added to 127 
previously enumerated, makes a total of 471 employed under- 
ground. There are, however, stone-dressers, quarrymen, black- 
smiths and labourers at the surface to be taken into account, 
increasing the number at the tunnel and entrance to 700. The 
establishment below, workshops, machinery, canals, &c., afford 
emplo ent to about 240, and at the time of the Author’s visit, 
as indeed nearly always, from 150 to 200 were employed as 
‘occasional :’ total for Modane 1,140. The number was rather 
greater at Bardonnéche, from 1,200 to 1,400 being generally 
employed, giving a total of 2,540. 

n making a comparison of the cost of driving an advanced 
gallery by machinery, and by hand labour, a judgment must 
not be altogether based upon the works and the results at Mont 
Cenis. There is no doubt that establishing, as M. Sommeiller 
has done, on so large a scale, an entirely new system, without 
experience in its use and s сатады many expenses have been 
incurred, that would be avoided hereafter. 

The following comparison will, therefore, be general to any 
work on a sufficiently large scale to justify the adoption of 
machinery, rather than special to the Mont Cenis. ‘The data 
are insufficient to enable the calculation to be made with accu- 
racy, but it will be based on statements already made. It will 
be confined to mining charges only, t.e., labour, tools, gun- 

wder, and candles. Removi ihe * déblais' is common to 

th, as is also enlarging and walling the tunnel, and timbering 
the advanced guis. e rate of progress of the gallery at 
Modane, which is ten feet square, will be taken into con- 
sideration; but the Author‘ feels certain, that in а 7-fcet galle: 
the machines would compare with hand labour to better ad- 
vantage. Previous to the introduction of machinery the miners 
drove, on an average, 1:656 foot per дву; 36 men in three shifts 
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of 12 men each being employed. This advancement would then 


cost— 
86 miners at 2s. 64. . . .... £4 10 0 
1 10 0 


Tools, gunpowder, and light 5 


Cost per day and ре advancement of 1:655 00586 0 0 
or £10 17s. per yard. 

It is hardly necessary that the Author should allude to the 
small portion of the total cost, of either advanced gallery or 
tunnel, expressed by mung charge. То compare, in like 

e 


manner the cost of driving same gallery by machinery, it 
will be necessary to take— 

1. Тһе cost of guotive power for compressing the air to drive 
the perforators. 


2. The working charges of shops to repair the machinery, in 
excess of what would be required if по boring machines were used. 

8. Men employed: mechanics, blacksmiths, &c., in such shops ; 
as also engineers and stokers, and those to attend to air-pipes, 
water supply, engine for pumping water, &c. 

4. Men employed during the machine shift. 

5. Wear and tear of machinery, and many other incidental 
expenses, which in a fair comparison, would require full and 
careful considerations, and would vary according to local 
conditions. 

The points on which this comparison is based are stated, to 
show how the proportional cost has been arrived at: the Author 
has only made it, in the hope that the attention of the members 
of the Таңнан may be drawn to its better consideration. As 
water power could only be obtained in exceptional cases, steam 
will be assumed as the motive pu for compressing the air 
used for driving the boring machines. At the rate of driving 
practised last June, a mean progress of 2:769 feet per shift was 
made. The labour of miners and inists would amount to 
£4 14s. 84. per shift, and say, £3 10s. for gunpowder, tools, and 
light, amounting to £8 4s. 8d. per shift and advancement of 
2:769 feet, ог £8 18s. 44. per yard. Eleven machines were used, 
expending in compressed air a power of 264 horses at the end 
of the gallery. Each machine, however, requires a motive 
power in the system of compressing applied at Bardonnéche of 
8 H.P.; but as they are not working continually, a constant 
power of 40 horses would be sufficient to supply them. 
Assuming that the motive power was steam, and that 4 tons of 
coal per day were consumed, at 10s. per ton, say £2, and the 
wages of engineers and stokers cost 168. per day, there would 


then be for cost of motive power perday . . £216 0 
About 240 men are now employed in the shops and 

about the machinery at Modane, say, this was 

reduced to 120, at 3s. per day . . . . . . 18 00 
And calculate for steam power to drive machinery, 

&c., for coal and attendance per day . . . . 110 0 
Wear and tear on machinery, say 20 per cent. on 

£20,000, say per day Sr defo? лары 610 0 
Cost рег day and per advancement of 4:719 feet. . £27 15 0 


Or £17 12s. 9d. per yard at the rate accomplished in June, 1863, 
which, added to the mining charge of £8 18s. 4d., would amount 
to £26 118. 14. per ps as compared with £10 17s. by hand 
labour. From which it Appears, so far as may be judged from 
so rough an estimate, that by machinery a progress three times 
as fast as by hand labour may be effected, but at two and a half 
times the cost. For mining charges, in the case of a galery for 

ining purposes, the comparison might stop there; but not so 
in the case of a railway tunnel. For the enlarging, timbering, 
walling, and general charges are quantities common to both, and 
the proportion will be notably diminished when they are added. 
The estimated cost of making the Mont Cenis tunnel was £120 
рег mètre. It makes but little difference, therefore, whether 
the mining charge there is £10 or £23 per yard. The ultimate 
proportion of cost to put against an increased advancement of 
three to one, would thus, instead of being two and a half to one, 
not exceed £126 to £110, assuming the charges common to both 
systems to amount to £100 per yard, which, in the case of the 
Mont Cenis tunnel, they will not fail to do. In ordinary cases, 
to which the preceding comparisons are supposed to refer, rather 
than to the Mont Cenis, say in the case of & tunnel costing £30 
per yard, which is perhaps not too much to assume for a tunnel 
of sufficient length to make it advisable to apply machinery, the 
comparison would naturally be more disadvantageous than in 
thc Mont Cenis, where the general charges are so exceptionally 
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high. Say, therefore, in the case of a tunnel to cost £30 per 
yard when completed, that £5 per yard was for mining charge 
in the advanced gallery, and per yard for general charges. 
By applying machinery, the mining charge would be increased 
to £13 per yard; and the £25 per yard for general charges 
might be increased to £27 per yard, as air-pipes would not be 
required if machinery were not introduced; the proportion of 
cost would then stand as 40 : 30, which would not purchase at 
all dearly an advancement in the proportion of 3 to 1. 

Although not prepared to go into an estimate, with any preten- 
sions to accuracy, of the cost of establishing works on the scale 
assumed in the preceding comparison, the Author would mention 
£20,000 aa the result of a rough calculation. He must again 
repeat, that this estimate does not refer to the Mont Cenis in 
pee The improvements recently introduced, and the 
better resulta lately obtained, point to the conclusion, that an 
increased rate of progress may be looked for. М. Sommeiller 
has proposed several alterations, by which it is hoped to increase 
the actual rate of 1} mètre to 3 mètres at each end per day, with 
а less cost per yard than is now incurred, as the work will be 
done in the same time, and with nearly the same amount of 
labor. If these hopes are realized, an increase of six times the. 
speed might be attained, without seriously increasing the cost. 
At such an averge rate from June 30, 1863, the work would be 
completed in four years and eight months and a half. 

ithout entering into calculations as to the amount of air 
required by any given number of men, and for the dilution of 
noxious gases arising from the combustion of gunpowder, it may 
be stated that the exhaust nir from the perforators is adequate 
to the equines of the advanced gallery. The greatest. 
number of men employed there at one time is during the 
machine shift, when there are 44. During the charging and 
removing of the ‘déblais’ a jet of air is left open near the 
forehead. Each machine uses about 8 cubic feet per minute of 
compressed air=48 cubic feet at atmospheric pressure, and if 
eight machines are working together on an average throughout 
the shift, there will be в supply of 384 cubic feet per minute. 
But though in the advanced ЕЗІ the ventilation is sufficient, 
it is not so in the large gallery, аз the miners and labourers, 250 
métres from the forehead, have been working for some time past 
in an extremely vitiated atmosphere, at a high temperature ; 
and it is evident that a more efficient means of ventilation is 
required. Ample power is available for compressing air at the 
surface, and it could always be used as a means of supplying 
fresh air to any part of the tunnel; but the waste of power would 
be such as no enginecr would be inclined to santion. Therefore 
separate means are being adopted, of the efficacy of which until 
the completion of the tunnel, no doubt can be entertained. The 
tunnel is to be divided horizontally by a brattice slightly arched. 
The upper section is about 75 square foet, and communicates 
witha chimney (by means of a brick conduit), placed 200 feet up 
the mountain side, near the entrance. The brattice at 
Bardonnéche is formed of planks, covered with 3 inches of soil, 
well beaten. The present draught is very strong, but the 
brattice is oy finished for about one half the distance. If the 
natural draught should not be strong enough when the forehead 
advances, a furnace will be herd in the chimney. The air 
enters the tunnel on the underside of the brattice, passes up 
the entire length, and returns by the upper part. 

Such are, in outline, the general observations the Author has 
been able to make upon an engineering work, which in magni- 
tude is inferior perhaps to one only (Isthmus of Suez) in 
exccution at the present day. Ho has been induced to prepare 
this communication, because he considers the attention of 
Nx areal in this country has not been sufficiently drawn, either 
to the work, as a whole, or to the ingenious machinery used for 
its prosecution. Already with the short experience that has 
been gained in ite use, the results aro sufficiently satisfactory to 
show, that the system contains the elements of success—success 
whieh сап only be developed and perfected like allthe great 
inventions of the past and present age—by the untiring perse- 
verance of those whose interest or ambition it is to devote 
themselves to its accomplishment, and by continually en- 
countering and overcoming the Tiny and eat difficulties which 
oppo it. Attention must and be drawn toit; for with 
the enterprise of this age, the necessity will be felt of improvinz 
the peen ee of tunnelling. That necessity right feit, 
the means will not be long in following. 

(To be continued.) 
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THE HYDRAULIC LIFT GRAVING DOCK.* 


Вт Epwin Сганк, M. Inst. С.Е. 
(Continued from page 260.) 


Mr. W. В. Kinipple had watched the progress of these pontoon docks 
with interest, and thought that great credit was due to the Author for the 
perfect way in which he had brought hydraulic lifts to bear so success- 
fully upon such enormous weights. e pontoons were, however, 
somewhat defective, ая it was impossible to Fender them perfectly rigid, 
without using such а quantity of material as would render them useless. 
When а pontoon was 300 feet in length, and only 6 feet in depth 
(which was in the proportion of only 1 to 50), to make it rigid so much 
metal must be inserted as to sacrifice altogether its floating powers. 
He remembered seeing one of the longest pontoons, which had, with a 
ship on it, a deflection of 7 inches or 8 inches out of the straight line, 
Reference had been made to the pontoon sunk at the London Docks, 
with which he hadhad todo. Но believed the construction of that pon- 
toon to have been perfect, although it had failed at present. The sido 
girders were 180 feet long, 17 feet deep, and 3 feet wide. A ship might 
be put upon the deck between the girders without injury to her straight 
line. He attributed the sinking of that pontoon cheifly to the want of 
compartments and stiffeners to the bottom plates, between the cross 

irders, which were 8 feet apart. She was built likea long flat tea- 
The water went in at one end, and there was a consequent de- 
pression of that end. This caused an almost instantaneous rush and ac- 
cumulation of water to one spot, the parallels gave way under the 
violent strain thereby produced, and the pontoon went down rapidly at 
one end, whilst the other was some hours in sinking. Pumping at the 
rate of 66 tons per minute, had not the slightest effect in reducing the 
water; and it was not until this great pumping power had been found 
useless, that forcing air down had been resorte to, when her deck was 
blown off. With regard to the pontoon docks in these two instances, it 
seemed to him a great waste of money to construct them in a tidal river, 
in'order to do artificially, that which could be done naturally by the 
rise and fall of the tide. Не had lately fnished = dock at ЛЕЩА бета 
called the Limekiln Dock; it was 355 feet long, 55 feet wide on the 
floor, 63 feet at the entrance, and 20 fect of water over the sill, The 
outer apron was laid in Portland cement, the entrance was of brick, the 
sides and bottom of timber and concrete, and the cost had been only 
£17,000. There were, at the present time, two vessels in that dock of 
the aggregate tonnage of 3,000 tons. 

Мг. A. М. Rendel said, his responsibility in regard to the pontoon 
which was now lying at the bottom of the London Docks was small. 
Messrs. Rose and Crowder, who worked, for some time, the hydraulic 
lift at the Victoria Docks, proposed to the London Dock Company, to 
lease a part of the eastern dock, and to build a pontoon there on their 
principle. The proposal was referred to him; he reported favourably 
on it, and the pontoon was constructed. He heard nothing more of the 
matter till he was informed, that the pontoon had gone down head fore- 
most to the bottom of the dock. Оп looking into the plan of the pontoon 
he found that it had no bulkheads; consequently, the water, when let 
into it, caused a violent oscillation; and the parallels, by which it 
should have been steadied, being constructed in a most inefficient 
manner, were torn from the ground, and the whole structuro sank. Tbe 
fact tbat the water could not be reduced by pumping led him to think 
that the caulking of the decks was blown out; he did not think there 
was а hole in her bottom. Оп the general subject he would вау, there 
could be no question that the hydraulio lifts were very useful in their 
actual situation; but he was not prepared to admit their applicability to 
all docks. For instance, atthe London Docks, he apprehended that land 
alonc would cost about £40,000 per acre. Не would mention that he 
had completed a dry dock at Leith, 400 feet long, 84 feet wide, with 
24 feet 6 inches of water on the sill, the cost of which, inoluding 
caisson, engine-house, pumps, and all complete, had been under 
£40,000. The engines worked up to 100 H.P., and were applied to a 
large Appold pump. So long ав ordinary docks could be constructed at 
that cost, he did not think docks of the character under discussion 
would be again constructed in this country. Е 

Mr. A. Giles thought many advantages would attend the application 
of tbis beautiful invention in ports such as London and Liverpool, and 
perhaps Hull; but, apart from those ports, he considered there were no 
others where docks upon this large scale wero called for. There was 
one fact to be гешагкед, that when a vessel was placed upon this 

ntoon, she had the advantages of light and air which she could not 

ve in an ordinary graving dock; at the same time the operation of 
lifting the vessel on the pontoon was attended, he thought, with certain 
disadvantages. Іп removing and replacing the boilers, he did not think 
the objection which had beon stated applied, because the boilers were 
not generally put on board while the vessel was in a dry dock; at 
the same time, in matters of general repairs, it might be a disadvantage 
to have to raise materials to a hoight of 30 feet, or 40 fect, instead of 
their being supplied from tho level of the deck. With regard to the 
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shoring of ships on the pontoons, some merit was claimed for the 
absence of strain upon the ship, by the putting in of the bilge blocks. 
He did not know what there was to prevent the same sort of shores 
being used in ordinary dry docks. The fact, however, that bilge blocks 
were not used seemed to be good evidence that such shores were not 
wanted, and, during an experience of twenty years, in docking vessels of 
all sizes, up to 4,000 tons, he had never yet heard ofan injury having 
arisen from the want of bilge blocks. The position of a vessel on bilge 
blocks was similar to that of а veasel on the beach, and there was great 
objection to Ше beaching of steam vessels from their liability to strain. 
He thought there must be some advantage in grounding upon the keel, 
and in putting in, аен the ship сащ the pecs) horisontal shores 
against the altars, forthe purpose of keeping her upright оп her kee 
Asthe water was pumped out of the dock, raking shores were added. 
ens the statistics supplied by the Author with those of the 
Southampton Docks, it appeared that at the Victoria Docks 1,055 vessels 
of ап aggregate tonnage of 712,380 tons had been docked by these lifts 
in seven years. At Southampton, during the last sevon years, 693 
vessels had been docked of an aggregate tonnage of 965,000 tons. The 
average tonnage of the vessels docked by the pontoon system was only 
676 tons per ship, while the average of the vessels docked at Southampton 
was 1,400 tons per ship. With that experience, if no damage had been 
sustained from the absence of the bilge blocks, it might be safely 
inferred that they were not necessary. As to the cost of docking vessels, 
the Author had given it at £3 per vessel, for putting ou the pontoon, 
pumping, and lifting; if that рд же Мне was correct, the system at the 

ictoria Docks had а great advantage over that at Southampton in 
respect of the cost of docking. His experience was, and he gould vouch 
for the correctness of the figures, that the total expense of docking in- 
cluding pumping, labour, and repairs was, on an average, £13 per ship, 
bnt that was for ships of double the average size of those docked by the 
Thames Graving Dock Company. It was evident that there must bo 
some other element of expense which had not been reckoned. The 
charges for docking ships on the patent lift were about the same as at 
Southampton, viz., 6d. рег ton for docking, and ld. per ton per week 
for the use of tho pontoon. For а 1,000 ton ship, the charge for 
docking at Southampton was £25, and the rate for the use of the dock 
was in about the same proportion as for the use of the pontoons. With 
those 965,000 tons docked at Southampton during the last soven years, 
the Company had earned £39,000 and the expenses had been about 
$8,000; the average amount paid by each ship being £55, and the 
exponses $13. If, therefore, the charges were praoti mi tho same in 
both cases, and the expenses во much less in the hydraulio lift system, 
how was it that the Company had been such а commercial failure? 
These figures, if correct, ought to have shown а good profit. With 
regard to the first cost of the hydraulio lift docks, it was stated to be 
£88,000; but it must be borno in mind that sum did not inolude the 
cost of land, engineering, patent rights, and other things, whioh were 
usually included in the capital cost. The capital of the Graving Dock 
Establishment at Southampton was taken at £150,000 ; but, he believed, 
interest had been charged to capital to swell it to that amount, for this 
was considerably beyond the actual оов of the docks. If, by the system 
under discussion, the sum of £88,000 gave a capability of docking seven 
ships at а time, he confessed that, by the ordinary system, with the 
same number of docka, it could not be done at the samo price. He then 
explained а drawing showing the sections of two docks which he had 
lately oonstructed at Bow Creek. In the larger one, he had drawn the 
sections of two ships, ono being the ‘ Warrior,’ of 6,000 tons, and the 
other the paddle steamer * Napoleon Third, of 4,000 tons; neither 
vessel could be docked by the hydraulio lift as constructed. These docks 
were placed on a part of the Thames where the foundations were 
notoriously deep; the cost of the two docks, including ooffer-dams, 
pumping- power, caissons, and everything complete, was £85,000. Опо 
was 400 feet long, with а 64 feet opening, and 24 feet of wator, over the 
sil. The other was 300 feet long, 46 feet opening, and 21 feet of water 
over tho sill. If he were asked to design a system of docks, опе of 
which should accommodate vessels of 6,000 tons ог 7,000 tons, and the 
others, vessels of smaller size, he believed he could build six or seven 
docks for £150,000; but if the hydraulio lift and seven pontoons, one of 
which should be capable of carrying the ‘ Warrior,’ could be oonstructed 
for £88,000, that system would surpass any other he knew of in point of 
economy. А system of docks, sufficient for almost any port, comprising 
six docks of various sizes (the largest of which was capable of docking 
the ‘ Warrior’), including six acres of land, with pumps and every 
necessary appliance, could be completed for £150,000. 

As to the capability of doing work in hydraulic docks compared with 
ordinary docks, the time occupied in lifting a ship had been given as 
twenty-five minutes. That could not, however, be meant to include 
the whole operation of putting а ship on the pontoon, lifting, aud 
moving her into her berth; for he understood that, practically, the time 
actually occupied in preparing a ship for the pontoon, taking her lines, 

reparing the bilge blocks, floating her into position, sinking the pontoon, 
fining е ship, and getting her into berth, ocoupied about four and a 
half hours; whilst the operation of undocking occupied about one hour 
and п half. If that were so, the capability of work on one lift (though 
there might be fourteen pontoons or fifteen pontoons), was limited. By 
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the ordinary system, one ship could be docked at each tide; but in the 
large dock at Southampton, which had been constructed twelve years, 
more had been accomplished. Upon one occasion, three large ships, 
each of more than 2,000 tons, required to be docked in a hurry; two 
were docked and undocked, and the third was docked and placed on the 
blocks between daylight and dark. He therefore believed the capability 
of that dock was almost as great as that of one lift. 

Mr. John Heppel said, having had the advantage of being associated in 
the preparation of the plans for this work, a few words from him might 
not be out of place. He necessarily becamo intimately acquainted with 
all the mechanical details of the construction, and the considerations 
which led to the adoption of them. To this part of the question he 
proposed strictly to confine himself, leaving the commercial and general 
aspects of the case to those who were better qualified than himself to 
deal with them. In doing this, however, he might perhaps he antici- 
pating what would be better left to the Author; but he could not help 
thinking, it would be satisfactory to that gentleman to know, that those 
who conourred with him во many years ago in the views which he took 
concurred with him still, and were able to give some reasons for that 
concurrence. 

Many observations had been made as to the flexibility of the pontoons 
in connection with these operations; and great doubts had been expressed 
whether some disadvantages to the vessels raised did not result from this 
flexibility. This was a subject which was carefully discussed at the time 
the apparatus was designed, although no great point was made of it ; for 
even if the pontoons had been rigid, he did not remember tbat either the 
Author or hinself thought any great harm would result. But a certain 
amount of flexibility appeared rather advantageous than otherwise, and 
he thought, reasons might be shown for it. It had been admitted, that 
if tbe vessel iteelf possessed the quality of rigidity in a sufficient degree, 
the rigidity of the pontoon became comparatively unimportant. Не 
agreed in that view, and he thought, therefore, it was not necessary to 
sny much about the raising of iron vessels, because it was known that 
all those vessels possessed such an amount of rigidity, that when once 
placed on the pontoon, however flexible the latter might be, the rigidity 
of the two together would prevent any deflection which could possibly 
be considered injurious. That being the сазе, he thought the small 
amount of flexibility the pontoon possessed was an advantage, because it 
acted upon every wedge and block as a spring to keep it fairly up to its 
work. In fact, as compared to a rigid floor, it stood in the same kind of 
relation as a spring mattress to a deal board. 

A strong point was however made with respect to wooden vessels, and 
an instance was adducod of an old crazy vesse) which had a considerable 
amount of ‘hogging.’ Не would even admit, for the sake of argument, 
that it might be considered desirable to bring such а vessel to a straight 
keel, though he thought that was admitting a great deal ; but if this was 
desirable, Бо could hardly conoeive anything better calculated to straighten 
the keel, without injury, than the apparatus in question. 

To follow the steps of the operation; the vessel came upon the lift, the 
keel blocks having been prepared approximately to correspond with the 
curve of the keel when afloat, the vessel, having taken the keel blocks, 
the lifting began. As thie went on, the slight difference in the distribu- 
tion of the force between the weight (which was more in the middle than 
at the ends) and the lifting force, which was uniformly distributed, 
produced an action teuding to deflect the pontoon, to a certain extent, 
and that tended to bring the keel nearer to a straight line, and so far to 
accomplish the desideratum. If any strain, or symptom of strain 
manifested itself, this apparatus gave instant means of obviating it, 
because, by cutting off а pair of tho presses, tho lifting power might be 
brought to correspond with the distribution of the weight to be lifted; 
so that, by the time the vessel was lifted out of the water its keel mizht 
be, by a simple process of manipulating the presses, adjusted to any line 
required; and that was done not by any violent process, ая іп а dry 
dock, where the vessel would be loft to settle at once to a straight Пие, 
but was effected by means that were always under the most perfect 
control. When the pontoon was lowered into the water, after having 
been emptied, the same thing which was done by manipulating the 
presses, might be done by letting in water in the required proportion 
into the compartments, by which the lifting power of the pontoon might 
be brought into perfect adjustment with the weight above it. Nothing 
was morc calculated to deal with the requirements of the kind noticed 
than this apparatus; and if it were correct, аз had been stated, that 
some vessels had suffered injury from deflection (and an instance had 
been given of a hogged vessel which when set afloat on the pontoon was 
found to be deflected the other way), he could not help thinking it must 
have been from some want of judicious management in the operation ; 
because he could not conceive that anything inherent in the apparatus 
itself could lead to such a result; on the contrary, he thouzht the 
Author had claimed for the machinery, in this respect, less applicability 
to the requirements of the case than was due to it. 

He would not go into the question of comparison between this mode 
of lifting vessels and tho system pursued in dry docks, because every- 
thing that could be said on that subject had been already very clearly 
stated, The matter had beeu put іп а very fair point of view, because 
a comparison had been drawn between pontoons of this kind and an 


equal number of graving docks. A few observations of a qualifying 
character had been added, but it was а fair comparison; and he under- 
stood it to be admitted, that a series of dry docks, equal in number to 
the pontoons of this lift, could not be established for the same amount of 
expenditure. With regard to floating docks, a great number of oxamples 
had been instanced. Those which could only accommodate one vessel 
ata time could not be put in comparison with the apparatus under 
discussion, in respect of the amount of accommodation. A model had 
been placed on the table, in which, by a system of railways aud cradles, 
something like the same results were proposed to be accomplished as by 
the present apparatus. He was far from being disposed to say that the 
proposed was not a good one; but he thought, it must be obvious that 
dragging а vessel about upon cradles must expose it to greater strains 
than the smooth and easy way of dealing with it by the hydraulio lift. 
However, it might be said, with regard to such a lifting dock, it wonld 
be easy to uso it in connection with pontoons, in thy same way as the 
hydraulic lift; and in that case the Author of the Paper would be 
entitled to the credit of the most original and valuable portion of it; but 
evon thenit would be inferior. He spoke under correction; but he 
hardly imagined, that a floating dock of that kind, having equal lifting 
power witb the hydraulic presses at the Victoria Docks, could weigh less 
than 2,000 tons. Ifhis conjecture was correct, it was obvious, that for 
every vessel, large or small, lifted with that apparatus, a dead weight of 
2,000 fons was being lifted with it, instead of less than 700 tons at a 
maximum, which was capable of reduction in proportion to the load to 
be raised. Не therefore thought the floating dock, even in the best 
form, must be inferior, in respect of efficiency, and economy of power, 
to that which was now the subject of discussion. 

There was one other peint. It was admitted, that for a fixed water- 
level, the Hydraulio Lift was not an inconvenient apparatus; but it 
had been asserted that its use would be оопбпей to exceptional cases. 
He only wished to draw attention to the fact, that in this case, there 
was a free choice between the Victoria Docks and the tideway of the 
Thames, and it was considered, оп all accounts, more desirable to 
eatablish the graving dock in connection with the former, than with the 
latter, the greater facility of communication with the dock being con- 
sidered of more value than the mechanical power derived from the tide, 
and he thought, that similar considerations would prevail in most cases 
where there was а similar choice. But if it were not so, and if the use, 
of this system was to be confined to cases of fixed, or uearly fixed water 
level, there would still be the Baltic, the Mediterranean, and nearly all 
the ports on the Pacific; and he thought, perhaps, the Author would be 
satisfied with that to begin with. Не had recently seen this apparatua, 
and he was struck with the remarkably good condition in which it was 
kept. Every part was iu good working order, and in charge of highly 
intelligent people. He thought the mechanical results had been such as 
to place the professional reputation of the inventor beyond all danger ; 
and he hoped the commercial results that would follow would be such 
8s to remunerate those individuals who had venturcd to try, what was 
considered at the time, a very bold experiment. 

Mr. 7. В. Readman said, it must be acknowledged, that the thanks of 
the commercial community were due to the Author for this attempt to 
facilitate the raising of vessels in the port of Londou. Some years ago 
he placed a Paper before the Institution on the variety in direction of 
the different Metropolitan docks, and he was bound to say that the 
variety in direction, in reference to the tideway, was as greatly 
exemplified in the mode of construction of the various docks upon the 
Thames. Whether the Thames —a tidal river, which had hitherto done 
what wasnow attempted by means of this most ingenious apparatus— was 
the best site, remained to be proved у experience. Undoubtedly, а 
graving dock, at the end of the Victoria ocks, might have been drained 
by the action of the tide, and tho dock might have been arranged as 
others had been on the Thames. Соат the element of cost was ous of 
great importance; but, he could not help thinking a comparison of the ‘oat 
of this system with that of the docks at some of the outports where he 
formation was different to the valley of the Thames, must be to а grat 
extent illusory. The formor were artificial docks in all respects, but пе 
geological formation of tho districte was so different, as to afford ө 
comparison on the question of expense with the Port of London, : 
which the system of the Author had been applied. 

Тһе Trafalgar Graving Dock, at the west end of Woolwich Поскуагс 
was constructed for the Admiralty, by the late Mr. James Walker, afte 
the failure of a prior experiment, by Mr. Ranger, of a dock of concrete. 
That dock was never free from a percolation of water through the san. 
and natural substratum; and the invertblew up. With that experienec 
before the designing of the present dock, it was natural thet every саге 
should be taken that the work should be sound. When he said the pit 
of that dock was 40 feet from the surface, it was clear it was not oom. 
parable with а dock like that of Sunderland, where the rock was во olose 
to the surface, that the work involved did not commence before an 
amount had been expended which came to more than 80 per cent, ос 


40 per cent. of the total expenditure incurred in a case like that ар. 


Woolwich, where there was 9 feet of concrete, a floorof 18-inch brick. 
work set in pozzolana mortar, and an invert of solid granite 3 feet 
6 inches thick. The entire surface of the dock was faced with granite., 
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The section of the dock was parallel to that of the ‘Trafalgar,’ a 120 
gunship, and of course the work was carried out in the moat costly 
manner. The early timber docks of London including the old Pitcher's 
Dock at Blackwall, which was subsequently rebuilt by the present 
owners (the Messrs. Soames), were built entirely of timber and of clay 
puddle. The bottom was piled, over the entire surface, the larger 
number of piles heing placed in the direction of the line of the keel. 
The old Pitcher's Dock had failed in a similar way to that at Woolwich, 
from the hydrostatic pressure. Another reason why the comparison of 
cost would hardly hold good was, that almost all the London docks, with 
few exceptions, wore dry docks іп two senses of the word; thcy were 
not only dry when the gates were shut and the vessel was docked, but 
any amount of leakage which accumulated in the dock was drawn away 
at low water. There was never any attempt made to resist the 
hydrostatic pressure, but the water was tea away to the engine-well and 
taken away by steam power; so that such docks as these were not 
comparable with the deep-water dock at the mouth of the Lea. He 
would say generally (having taken the trouble to classify these early 
docks, taking the internal capacity, the length, breadth, and depth, $, ¢., 
the cubical contents), that he found the cost had been from 128. to 168. 
and £1 per yard cube of the internal sectional capacity of the dock, 
while the figures stated for the docks at Southampton would work out a 
cost of £1 178. 64. to £1 188. 64. рег cubio yard of internal capacity, 
and the value of the dock at Woolwich was no less than $4. 10s, per 
yard cube. The dock at Boston, United States, by published documents, 
was about equivalent to the latter value. He thought if the eight 
pontoons at the Vietoria Docks were assumed to represent eight timber 
docks of equivalent superficial dimensions by the depth, with the 18-feet 
draught over the hoisting gear, the result, taking the Author's figures of 
£80,000, would give a value for that capacity of something equivalent 
to the timber-dock value; that was to say, the cight docks, by the mean 
length and breadth given with the 3-feet above, would be worth about 
128. per cubic yard. If there had been an outlay there of double that 
sum, then the value would be double; and if, again, the outlay had 
been £200,000, the value would be 26s. per cubic yard. Taking the 
cheapest value, the comparison was not favourable -to the Southampton 
Docks. There was an example at Sunderland, frequently quoted, in 
which he believed the value and the dimensions gave about 27s. 6d. A 
cubic yard of internal capacity. Some surprise had been expresaed, that 
no notice had been made of the hydrostatic screw dock at New York : it 
was equally surprising, he thought, that no notice had been taken of the 
patent of John Evans, of New York, which was described, very 
minutely, in the first number of Weale’a ‘Quarterly Papers’ in 1845, as 
consisting of a series of cylinders and presses, precisely similar in prin- 
ciple to the Bramah Press, and connected by vertical chains to the ends 

the transverse beams, underneath the pontoon gridiron. When the 
enormous increase of the trade of the port of London was considered, 
and the efforta which had been made to develop the commerce, the 
thanks of the commercial community were due to the Author. He had, 
however, had one advantage which no other engineer, acting for a public 
Company, had previously possessed, Тһе Victoria Docks was the first 
Company that obtained powers to construct graving docks. The old 
Wapping Dock Act contained clauses for graving docks, but the ship- 
building interest was too powerful in that Е , and those clauses were 
struck out in every Dock Act afterwards, hether a dock Company 
could build and repair ships with tho same expedition as private builders, 
was another question ; but he folt convinced, from the experience of 
some years, that that exclusive principle, together with the tyranny of 
trade unions amongst shipwrights, had, to а great oxtent, driven the 
old ship- building trade from the port of London. The late Mr. Duncan 
Dunbar had frequently told him, that on the Tyne and other outports, 
he could get his ships built, with lower masts and standing rigging, at 
ще: sime price as that which he paid for the hull alone, in the port of 

on. : 

Mr. John Murray remarked, that in the discussion which had taken 
place, he considered they had not arrived at the full cost of this pon- 
toon dock. Мг. Clark had given tho expense of the excavations, the 
coffer-dams, and other details; but he had not alluded to the land 
occupied by tho works—some 26 асгев in extent, 16 of which were water, 
and ought to be added to the sum of £88,000. A comparison between 
this pontoon dock and ordinary dry docks of masonry or brickwork 
might fairly form a subject of discussion, He had ascertained the cost of 
graving docks in various parts of the country, which, combined with the 
information already given, might prove useful. Mr. Abernethy had 
stated that the average cost of the seven docks at Birkenhead and the 
two at Falmouth was about £14,000 or £16,000. Тһе dock at Holy- 
head, constructed by Mr. Telford, cost £14,419; that at Dundee, 
£26,000; that at Belfast, in 1840, £19 362; and the dock built by him- 
self at Sunderland, including pumps, engine, and enclosure, cost 
£16,185. Taking an average of the four docks, it amounted to £18,990. 
Those docks жеге all nearly of the ваше class, viz., from 240 feet to 320 
feet long, and 70 feet across at the coping, and 36 feet at the bottom, 
and they were each capable of admitting two ordinary vessels, or one 
large ship. The dock of Sunderland had altars on the side, with a 
temporary end, во that it might be lengthened when required. Docks 
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of this kind had been constructed, therefore, at an average oost of 
£18,000 te £20,000 each. They were all of good masonry and sub- 
stantial workmanship. But in the port of Sunderland and оп the River 
Tyne docks of а slighter description had been constructed, capable of 
holding one ship at a time, and at a cost of from £3,000 to £5,000. 
Besides these, the shipbuilders generally had floating docks alongside 
of their shipbuilding yards, into which vessels were brought for repairs. 
One of the earliest of these docks was an old gunbrig ship cut down for 
the purpose. The deck and upper worka being taken away, moveable 
gates were placed across her stern, and she was thus changed into a 

oating dock. The shipbuilders had since constructed other floating 
docks in the ordinary manner. Docks of a better description, such as 
those at Liverpool, lined with nite and ofa large size, had been 
constructed at а cost of from £26,000 to £50,000. Another class, 
capable of admitting men-of-war, had amounted to $100,000 and up- 
wards. Bntin general a good graving dock of ordinary construction 
might be said to cost from £16,000 to £20,000, capable of admitting all 
ordinary vessels, and two at a time of the smaller class; and when once 
properly constructed they wanted no repairs, and therefore might be called 
permanent structures. He thought they might well be compared with 
floating pontoons, admitted separately into one entrance or receptacle, 
having a great amount of apparatus oonnected with it, liable to get out 
of order, and requiring much manipniation, which he considered a more 
costly affair than a substantial graving dock of the ordinary form. 

Mr. G. B. Rennie said, in reference to a model, which he had placed 
on the table, that it represented the works constructed at Carthagena, and 
was designed for the purpose, after the vessels were lifted on the floating 
dock, of hauling them ashore by hydraulic preses, or оп cradles. The 
ways were perfectly level, and the amount of power required to haul 
them on shore might be calculated on the consideration, that the launch- 
ways ofa heavy vessel were made with an incline of 4 inch on the foot, 
or 1 in 24: so that, about one twenty-fourth of the weight of the vessel 
had to be pulled by a hydraulic pump and portable ram. This was not 
altogether a new idea, for it was in operation at the present time at the 
arsenal of Pola, on the Adriatio, where there were fonr lines of horizontal 
ways, which were used for hauling the vessels on shore. He believed 
the largest vessel operated upon by this system, was tho ‘ Kaiser,’ a 
screw linc-of-battle ship of 84 guns. Тһе floating-dock at Pola was of 
wood, 

With regard to the Hydraulio Lift Graving Dock, he had several 
times seen vessels lifted, and it seemed to be done with t ense, 
regularity, and apparent safety. Не did not agree with the Author as 
regarded the flexible pontoons. It seemed to him, if there was flexibility 
in the pontoons, there must be a strain on the уевве!; and it was always 
desirable to prevent undue strain, as far as possible, However strong a 
ship might be, there must be some extra strain М it had to support the 
pontoon in & horizontal position, instead of the pontoon supporting the 
vessel, With regard to Заве оса he might state that it was proposed 
to use them in the floating-docks at Carthagena and Ferrol. When those 
docks were designed it was also thought desirable, that breast-shores 
should be used; for where a heavy vessel began to reat on the keel 
blocks it was difficult, with 25 feet of water under her, to place the 
bilge-blocks properly to support the zessel and prevent canting. Не 
hoped on a future ocession, when this work had been tried more fully, to 
describe it in a Paper, before the Institution. 

Mr. Scamp exhibited three drawings. The first was а section of the 
hydraulic lift, provided with shoring-altars for supporting vessels with 
breast-shores, as in an ordinary dock, showing also а pontoon with 
shoring-altars, for shoring undera vessel's bilge, precisely as іп aa 
ordinary dock; and а midship section of the ‘Himalaya,’ with the 
breast-shores, &c., attached. 

Тһе second drawing represented an ordinary stone dock (that referred 
to by the Author in is Paper), showing half midship sections of the 
‘Bellerophon’ and the * Lord Warden.’ 

The third represented the side view of a ship, with gauge-marks 
parallel with the original straight line of keel, for ascertaining precisely 
the hogging or cambering of the vessel, 

Referring to the first drawing, he stated that he oonsidered, by the 
addition of shoring-altars attached to the lift, and shoring-altars attached 
to the pontoons, that vessels of the tonnage of the * Himalaya,' in a sea- 
going stato (4,000 tons), might be safely docked by the lifting-dock, with 
the additional precautions shown by the section. The shoring-altars 
attached to the lift were only required for about a third of the midship 
length of the ship, and only to each alternate column; and though he 
considered the breast-shores to be absolutcly necessary, especialiy if 
employed in the war establishments of the Navy, yet no great strain 
would be bronght against them, as it was obvious, that the centre of 
gravity of the load being placed precisely perpendicular over the contre 
of support оп the keel-blocks, it was only песеввагу to employ the shores 
for precisely fitting the space between the sides of the ship and the 
abutment at the altars attaohed to the dock. The shoring-altara attached 
to the pontoons were not proposed to be continuous; but to extend to 
about a third of the midship section, in lengths of about 20 feet, and 
врасов of about tho same lengths alternately, and it was proposed to 
attach them to such pontoons only as were required for vessels of more 
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than 1,000 tons ; vessels of less than that tonnage might be safely docked 
вв at present. The breast-shores being carefully fixed (the keel being 
only just clear of the blocks), the dock should be lifted sufficiently for 
the keel to bear on ail the blocks; in this position some of the blocks 
might be drawn under the bilges of large ships, or of those appearing to 
require them ; for small vessels this operation at that time was not ne- 

The pontoon might then be lifted, until the keel-blocks were 
out of the water, and the vessel might, then, be as completely shored, 
ав іп an ordinary dock ; and such bilge-blocks might be added as might 
appear to be required. The vessel being completely secured on the 
pontoon, the breast-shores would be removed, and the vessel might be 
safely floated away from the dock on the pontoon to a shallow dock, asat 
the Victoria Docks, or to а wharf, or basin; or for executing extensive 
repairs, the pontoon might be grounded on a ‘gridiron’ at a basin 


я. 

The docking duties in times of war, for Нег Majesty’s naval establish- 
ments, might be classed under three divisions : 

1. Previous to the actual commencement of hostilities, 

2. During an action. 

3. After an action. 

As regarded the preparations, probably every available vessel, 
certainly those provided with steam power, might have to be com- 
missioned for the service; those already commissioned as well as those 
taken from the moorings—out of ‘ordinary,’ as it was called —might 
require to be docked; until a vessel was in dock, the time that she 
might require to be there could not be known. For that division ef the 
docking duties, he considered the Hydraulic Lift Dook, with its ten 

ntoons, or flfteen pontoons, might prove an incalculable advantage, 

ing equal to as many additional docks. 

He thought this plan peculiarly adapted for the great naval establish- 
mente, particularly in time of war, when all the duties of those 
establishments had to be carried on with the greatest despatch, and with 
unerring acouracy, under great pressure. ja might probably not be 
prudent to carry this system to the extent of dealing with ships of war 
of 10,000 tons, as proposed by the Author of the Paper some years ago, 
yet it was desirable that the Institution should give an opinion as to 
that proposition being carried into practice for vessels up to a certain 
class; he had suggested that vessels up to 4,000 tons, equipped and in a 
sea-going state, might safely be docked by the method proposed. 

The system of shoring he had described was equally applicable to 
every form of graving dock. Не had submitted the drawing of the two 
half midship sections, to show that the * Bellerophon ’ did not require 
the bilge-blocks, but that the ‘Lord-Warden’ did require them to a 
certain extent. That form of support was the best in his experience, 
and it might be applied to the Hydraulic Lift Dock. It was a matter 
of great national importance, to determine whether the Author’s method 
of docking ships for repairs, with the additional security proposed by 
him, was or was not applicable to the war establishments of Her 
Majesty's Navy ; and for arriving аба sound couclusion ho considered 
that the opinion of the members of this Institution could not fail to 
afford useful assistance. 

There were three establishments which must be greatly taxed in event 
of war, Portsmouth, Devonport, and Malta. If, by a method of this 
kind, ships could be docked, and prepared to join the fleet again with 
great despatch, the advantage might be equal to almost double the num- 
ber of ships; whereas if ships had to be kept waiting to be docked, the 
most disastrous consequences might be the result. 

He would not hazard а positive opinion that the system of lifts and 

ontoons was not applicable to ships of a larger class than that which he 
Pad suggested (4,000 tons) but it shpuld be borno in mind, that his sug- 
gestions had reference only to the war establishments of the navy ; that 
vessels of the class proposed by him would not cause inconvenience in 
management; that to one vessel степ of such tonnage, many below of 
smaller tonnage would have to be employed, and might have to be 
repaired; that tho pontoons would not be unreasonably expensive, or 
occupy unreasonable space; that, for an establishment such as that at 
Portsmouth, the pontoons might pass from the basin, in which the 
vessel would be docked, to other basins less occupied; and if а method 
of the kind proposed should be adopted, the ordinary docks might not be 
wanted for amall vessels, but would be generally available for such ehips 
of the line as would be required to join the fleet with the utmost des- 
patch, when tho time for such duties might not admit of being measured 
by weeks or days, but by hours and minutes. It should be observed 
further, that vessels of large tonnage might require to be docked when 


light, and not іп a sea-going stato; for such cases 4,000 tons would | 


represent a large class of linc-of-battle ships. 

It had been suggested that vessels ‘hogged’ or cambered should be 
put into dock on blocks, in a straight line, and that the keel of a 
‘hogged’ ог cambered vessel should fit itself to tho straight line by its 
weight. In this opinion he did not concur, because when the vessel 
was again in the water and loaded, the original line of keel would 
certainly be formed. Three gauge marks should be put on the side of a 
vessel above the water line, parallel with the straight line of keel; 
these marks being measured from the water line, the amount of hogging 
or cambering might be ascertained with great facility, and the blocks on 
the dock might be thereby correctly adjusted. 
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He had given great attention to the Author's ingenious invention for 
many years past, with a view of ascertaining to what extent it might be 
usefully employed at some of the naval establishments; and recently he 
had given the subject a full and careful consideration. The result was 
what he had briefly explained and shown by the section, and this would, 
in his opinion, provide what he considered to be necessery, and what he 
had long desired to accomplish. The section was intended to convey 
the principle only, not the details of his proposition. He did not 
anticipate that the girders between the points of suspension would, 
necessarily, require to be increased in length. 

Mr. Hawkshaw, Past President, remarked that this subject, like many 
others, resolved itself into comparisons of cost between graving docks of 
different kinds. The 008% of a graving dock in one place could not, 
however, be compared with the cost of another, unless all Ше oircum- 
stances were known. There could be no doubt that the Author's inven- 
tion, which he had во clearly described, was, as а mechanical apparatus, 
perfectly successful. 1t did that which he proposed it should do, and 
did it well, and machinery which lifted 2,000 tons could, probably, be 
made to lift 4,000 tons. But there was one remark to make upon that 
point, affecting the question of cost. Where a series of repairing docks 
was required for repairing vessels of different sizes, the access to the 
whole of which was to be by тавапв of one lift, if the apparatus were to 
be made powerful enough to lift vessels like the ‘ Warrior, the same 
apparatus would have to be used for lifting the smallest vessels. 
Admitting the apparatus, mechanically to be perfectly successful, there 
arose the question of cost, Now that question could not be usefully 
treated by comparing these docks with those of the Mersey, which were 
cut out of sandstone, or with docks in other places, where the circum- 
stances might not be the same. It was difficult, therefore, to arrive at 
useful conclusions on this point. Still, there was in this case, what 
rarely happened in other cases, something like a guiding principle on 
the question of cost. With respeot to the repairing docks, apart from 
the lifting dock, it was evident, that all that could be saved, was the 
difference of excavation in these docks compared with the amount of 
excavation in an ordinary graving dock, due to the difference of their 
respective depths, bearing in mind, that the repairing docks must be 
deep enough to float the pontoons laden with the weight of the ships. 
On the Author's plan, the cost of the gates was also saved. Against 
that saving there was to be set the cost of the pontoon. Now it did not 
8t present appear that the saving in tho repairing docks, adding the 
pontoon, could be much ; in other words, the cost of the pontoon would 
probably, in many cases at all events, equal the cost of deeper excavation 
and the gates. In fact the costof gates and of the deeper excavation 
and masonry might, in many cases, be less than the cost of theexcavation 
and masonry for these repairing docks, including the cost of the pontoon. 
At all eventa, that was the form the calculation must assume. With 
regard to the lifting dock, it was evident the apparatus for lifting the 
ship, and the machinery of the rams and steam engines, would, generally 
speaking, be at least as costly as the cost of pumping apparatus, even in 
the case of a tideless sea, For in those situations the entrance to a 
lifting dock must be made deep enough, not only for the draught of the 
ship, but also for the additional depth of the pontoon, and of the girders 
beneath the pontoon. With regard to the question of economy, in cases 
where there was a large fall and rise of tide, as in the Severn, and where 
no pumping was consequently required, the ordinary graving dock would 
often be cheaper than the one under consideration. After all, the 
question of cost must be considered specially, having regard to all the 
circumstances in each separate case ; and without going into the question 
in that form, no satisfactory decision could be arrived at. 

Mr. F. W. Sheilds said, it would be most desirable to have the means 
of comparison with ав many other dooks of a different kind as possible ; 
and with that view it occurred to him to desoribe a design he had 
recently made for a floating dock, and to give & few statistics about it 
which might be useful. It was a design for a dock 270 feet long and 
65 feet wide, intended to lift sailing vessels of 2,500 tons, and the weight 
of wrought iron in it was calculated at 2,650 tons. Іп that design he 
did not claim any invention, as many such oonstructions had been made 
before; ho had simply been guided by the best experience hitherto 
attained, and he had endeavoured to employ the materials in the most 
mechanical and economical way. It was natural to compare the system 
of that dock with the system of pontoons in the Author's dock, and the 
first point of comparison was the great difforence in the depth of a dock 
of that nature and the depth of a pontoon which carried the vessel in 
the lifting dock system. Тһе depth of the sides of the floating dock was 
40 feet, while in the Vietoria dock the depth of the pontoon was only 
from 5 feet to 7 feet; and if the ordinary girder rule were taken as un 
approximate guido, viz., that the deflection of each girder was as the 
square of its depth, there would be found such an enormous difference in 
rigidity as to make it evident that the Author had widely departed from 
the system hitherto in use, and had fully adopted the system of flexi- 
bility, instead of perfect rigidity. The first point to consider was, which 
of the two systems was most adapted for a vessel which was taken out 
of the water. There was no doubt that any system which would enable 
the vessel to assume porfectly the same position when out of water as 
she assumed when in the water, would be the most perfect system; but 
that was a difficult thing to attain in practice, and it was much to be 
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doubted whether the system of flexibility in a pontoon would effect it : 
and it was diffloult to say beforehand, what form the keel of a vessel 
would assume, if put upon a flexible platform. It had been said, that 
the line of the keel could be adjusted, by managing the pontoon properly , 
and thet if the keel took a different shape from that whioh it had when 
the vessel was water-borne, it could be corrected and rectified by letting 
water in the different compartments of the pontoon. Now that appeared 
to be a delicate operation, and if through carelessness, or any other 
cause, the water happened to be let in the wrong compartment there 
might be serious results. On the other hand, with the system of a per- 
fectly rigid dock bottom, the veasel would probably not be got perfectly 
into the ваше position in which she was when in the water; but an 
average result would be obtained, by bringing the keels of all vessels to 
а straight line when docked ; and the line of keel would not be altered 
to such an extent as to be injurious, unless the ship were a very cranky 
one indeed ; for that reason rigidity in the dock bottom was preferable, 
in practice, to the system of flexibility, 

There was one other point which occurred to him, namely, that if а 
pontoon were sunk to the bottom of а dock independently of the 
hydraulic apparatus, then, when the water was simply pumped out of it, 
tbe vessel could be raised by the pontoon alone, without the intervention 
of the hydraulio lift; and thus it would aleo be possible to diminish the 
depth of the dock, as the space in the bottom of the lifting-dock, which 
was occupied by the cross girders, would not then be required. It 
seemed, at first sight, that it would be practicable to work a series of 
pontoons in that way, and that, as all the lifting apparatus would be 
thus dispensed with, it would be a simpler system ; but he had no doubt, 
there were corresponding advantages which induced the adoption of the 
double system of lift and pontoons, and he mentioned the subject, in 
order to ask the Author to give some information upon it, 

It had been said, rather in the way of objection to the system at the 
Victoria Docks, that it was Мын АА в unsuccessful until the 
repairing shops were established. It seemed to him, with regard to 
euch docks in London, that there was such an amount of competition 
from the graving docks, that if the Company did not afford the ahipping 
publie every possible convenience, they could hardly expect to get the 
amount of trade, which would be secured by rival establishments, and 
it was hardly fair to compare a dock in London without that accommo- 
dation for repairs, with a dock at Southampton, which wes exposed to 
no opposition or rivalry, and which without a repairing establishment, 
might make a fair return on its capital; while a similar dock in London, 
where there was a great deal of opposition, would get little business. 

Mr. Abernethy said, the question of economy had been dealt with 
only es regarded first cost; but the cost of working after construction 
must not be lost sight of, having regard to the various operations to be 
performed in graving docks. A common operation in a graving dock 
was the cutting of a vessel in two, and lengthening her. He would 
like to know how that operation could be performed upon в pontoqn, 
more especially if it were flexible. There were several practical ship- 
builders present, who would, no doubt, be able to give information as to 
the operations to be performed in the repairs of shipping, more раг- 
ticularly of steamers, and as to the advantages, or disadvantages which 
an ordinary graving dock had, as compared with the pontoon system. 

Mr. 0. H. Phipps said, it must be clear to all, that before approving 
of the description of dock which was the subject of discussion, they 
ought to be satisfled of its perfect mechanical efficiency. Не could say, 
from several visits he had made to that dock, he was quite satistied with 
its mechanical action, which was in all respects efficient and satisfactory ; 
that the raising was done in а sufficiently short time; that the pontoons 
were readily floated into shallow water, and into their berths, and that 
the vessels were perfectly steady and firm upon the pontoons, whilst 
being repaired. 

The next point he would touch upon was with rogard to the effect, 
advantageous, or disadvantageous, of elasticity in the pontoon itself. 
He considered, that practically the elasticity was too minute to be of 
any consequence, either one way or the other, and this was proved by 
the absence of any ill effects оп ооррегей vessels. The buckling up of 
the copper was a good indication of a vessel losing her sheer, or becom- 
ing ‘ bogged ; but no such effect had been detected, so far ав he was 
informed; and therefore, the elasticity of the pontoon might be safely 
neglected in the consideration of this subject. 

With regard to the comparison between this and other descriptions of 
graving docks, the only скара of dock with which it could be fairly 
compared was that where the graving docks opened out of basins, 
wherein the water was maintained at the level of high water. No 
doubt the docks in the Thames— Pitcher’s graving dock, and others of 
that class— were very cheaply constructed, but these were only suited to 
letting vessels in and out at particular states of the tide, and did not 
apply to the exigencies of the trade as it now existed. Taking a com- 
parison between the hydraulic lift graving dook and docks of the 
ordinary kind entering out of basins, as above described, one of the 
advantages of this dock appeared to be the facility and economy, with 
which the docking accommodation could be increased. Вир one 
ordinary graving dock to cost, in the above situation, about £46,000, 
and as а very fall estimate, that a Hydraulic Lift Dock, with one large, 
pontoon, cost about the same money (in both cases dams, engines, and 
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all other expenses being included), then, by the supply of one additional 
pontoon, with berth for the same, at an expenditure of, at the outside, not 
more than £15,000, the dock accommodation would be doubled, whereas, 
to do the same thing with the ordinary graving dock would cost £40,000, 
or double the original cost, less steam engines and pumps. He would 
conclude with a remark as to the larger amount of quay frontage which 
must be destroyed in the event of constructing six ordinary graving 
docks out of the main basin, as had been proposed. If the entrances 
averaged 60 feet in width, there would be в loss of no less than 480 feet 
of quay, which would evidently be a serious loss commercially. 


(To be concluded in our next.) 
— m 


RECENT PROGRESS OF SCIENCE.* 


Вт W. R. Grover, F.R.S., 
President, British Association for the Advancement of Science, 1808-87. 


(Concluded from page 256.) 


I may perhaps be permitted to recal a forgotten experiment, 
which nearly a quarter of a century ago I showed at the 
London Institution, an experiment simple enough in itself, but 
which then seemed to me important from the consequences to 
be deduced from it, and the importance of which will be much 
better appreciated now than then. 

A train of multiplying wheels ended with a small metallic 
wheel which, when the train was put in motion, revolved with 
extreme rapidity against the eniphery of the next wheel, a 
wooden one. In the metallic wheel was placed a small piece of 
phosphorus, and as long as the wheels revolved, the phosphorus 
remained unchanged, but the moment the last wheel waa stopped 
by moving a small lever attached to it, the phosphorus treet 
into flame. My object was to show that while motion of the 
mass continued, heat was not generated, but that when this was 
arrested, the force continuing to operate, the motion of the masa 
became heat in the particles. е experiment differed from 
that of Rumford's cannon-boring and Davy’s friction of ice in 
showing that there was no heat while the motion was unresisted, 
but that the heat was in some way dependent on the motion 
being impeded ог arrested. We have bow become so accustomed 
to this view, that whenever we find motion resisted we look to 
heat, electricity, or some other force as the necessary and 
inevitable serit 

It would be out of place here, and treating of matters too 
familiar to the bulk of my audience, to trace how, by the 
labours of Oersted, Seebeck, Faraday, Talbot, Daguerre, and 
others, the way has been prepared for the generalization now 
known as the correlation of forces or conservation of energy, 
while Davy, Rumford, Sequin, Mayer, Joule, Helmholtz, 
Thomson, and others (among whom I would not name myself, 
were it not that І шау be misunderstood and supposed to have 
аһапдойей all claim to a share in the initiation of this, as I 
believe, important generalization) have carried on the work, and 
how, sometimes by independent and, as is commonly the case, 
nearly simultaneous deductions, sometimes by progressive and 
accumulated discoveries, the doctrine of the reciprocal] interaction 
of the quantative relation, and of the necessary dependence of 
all the forces has, I think I may venture to isa So, established. 

If magnetism, be, as it is proved to be, connected with the 
other forces or affections of matter, if electrical currents always 
produce, as they are proved to do, lines of magnetic force, at 
right angles to their lines of action, magnetism must be cosmical, 
for where there is heat and light, there is electricity and con- 
sequently magnetism. Magnetism, then, must be cosmical and 
not merely terrestrial. Could we trace magnetism in other 

lanets and suns as a force manifested in axial or meridional 
ines, $.е. in lines cutting at right angles the curves formed by 
their rotation round an axis, it would be а great step; but it is 
one hitherto unaccomplished. The apparent coincidences between 
the maxima and minima of solar spots, and the decennial or un- 
decennial periods of terrestrial magnetic intensity, though only 
empirical at present, might tend to lead us to а гана е of 
the connexion we are seeking; and the President of the Mas 
Society considers that an additional epoch of coincidence 
arrived, making the fourth decennial period ; but some doubt is 
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thrown upon these coincidences by the magnetic observations 
made at the Greenwich Observatory. Ina paper published in the 
* Transactions of the Royal Society,’ 1863, the Astronomer Royal 
says, speaking of results extending over seventeen years, there 
is no appearance of decennial cycle in the recurrence of great 
magnetic disturbances; and Mr. Glaisher last year, in the 
physical section of this Association, stated that after persevering 
examination he had been unable to trace any connexion between 
the magnetism of the earth and the spots on the sun. 

Mr. Airy, however, in a more recent paper suggests that 
currents of magnetic force having reference to the solar hour 
are detected, and seem to produce vortices or circular dis- 
turbances, and he invites further co-operative observation on the 
subject, one of the highest interest, but at, present, remaining in 
great obscurity. 

One of the most startling suggestions as to the consequences 
resulting from the dynamical theory of heat is that made by 
Mayer, that by the loss of vis viva occasioned by friction of the 
tidal waves, as well by their forming, as it were, a drag upon 
the earth's rotatory movement, the velocity of the earth's 
rotation must be gradually diminishing, and that thus, unless 
some undiscovered compensatory action exist, this rotation must 
ultimately cease, and changes hardly calculable take place in 
the solar system. 

M. Delaunay considers that part of the acceleration of the 
moon's mean motion which is not at present accounted for by 
planetery disturbances, to be due to the gradual retardation of 
the earth's rotation; to which view, after an elaborate in- 
vestigation, the Astronomer Royal has given his assent. 

Another most interesting speculation of Mayer is that with 
which you are familiar, viz., that the heat of the sun is occasioned 
by friction or percussion of meteorites falling upon it: there are 
some difficulties, not perhaps insuperable, in this theory. 
Supposing such amie bo es to exist in sufficient numbers, 
they would, as they revolve round the sun, fall into it, not as 
an aérolite falls upon the earth directly by an intersection of 
orbits, but by the ual reduction in size of the orbits, 
occasioned by a resisting medium ; some portion of force would 
belost, and heat generated in space by friction against such 
medium; when they arrive at the sun they would, assuming 
them, like the planets, to have revolved in the same direetion, 
allimpinge in a definite direction, and we might expect to see 
some symptoms of such in the sun's photosphere; but though 
this is in a constant state of motion, and the direction of these 
movements has been carefully investigated by Mr. Carrington 
and others, no such general direction is detected; and M. Faye, 
who some time ago wrote a paper pointing out many objections 
to the theory of solar heat being produced by the fall of 
meteoric les into the sun, has recently investigated the 
proper motions of sun-spots, and believes he has removed 
certain apparent anomalies and reduced their motions to a certain 
regularity in the motion of Ше photosphero, attributable to 
some general action arising from the internal mass of the sun. 

It might be expected that comets, bodies so light and so easily 
deflected from their course, would show some symptoms of 
being acted on by gravitation, were such a number of bodies to 
exist in or near their paths as are presupposed in the mechanical 
theory of solar heat. 

Assuming the undulatory theory of light to be true, and that 
the motion which constitutes light is transmitted across the 
interplanetary spaces by a highly clastic ether, then, unless this 
motion is confined to one direction, unless there be no inter- 
ference, unless there be no viscosity, as it is now termed, in the 
medium, and consequently no friction, light must lose something 
in its progress from distant luminous bodies, that is to say, 
must lose something as light; for, as allreflecting minds are 
now convinced that force cannot be annihilated, the force is not 
lost, but its mode of action is changed. If light, then, is lost as 
light (and the observations of Struvé seem to show this to be so, 
that, in fact, а star may be so far distant that it can never be 
seen in consequence of ita luminous emissions becoming extinct), 
what becomes of the transmitted force lost as light. but existin 
іп some other form? So with heat: our sun, our earth, an 
planets are constantly radiating heat into space, so in all 


probability are the other suns, the stars, and their attendant 
planets .What becomes of the heat thus radiated into space? 
f the universe have nolimit, and it is difficult to conceive one, 


there is a constant evolution of heat and light; and yet more is 
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given off than is received by each cosmical body, for otherwise 
night would be as light and as warm as day. What becomes of 
the enormous force thus apparently non-recurrent in the same 
form? Does it return as palpable motion? Does it move ог 
contribute to move suns and planets ? and can it be conceived as 
a force similar to that which Newton speculated on as universally 
repulsive and capable of being substituted for universal 
attraction? We are in no position at present to answer such 

uestions as these; but I know of no problem in celestial 
drnadiios more deeply interesting than this, and we may be no 
further removed from its solution than the predecessors of New- 
ton were from the simple dynamical relation of matter to matter 
which that potent intellect detected and demonstrated. 

Passing from extra terrestrial theories to the narrower field of 
molecular physics, we find the doctrine of correlation of forces 
steadily making its way. In the Bakerian Lecture for 1863 
Mr. Sorby shows, not perhaps a direct correlation of mechanical 
and chemical forces, but that when, either by solution or by 
chemical action, а change in volume of the resulting substance 
as compared with that of its separate constituents is effected, 
the action of pressure retards or promotes the change, aecording 
asthe substance formed would occupy a larger ora smaller 
ee Шап that occupied by its separate constituents ; the ap- 
plication of these experiments to geological inquiries as to sub- 
terrancan changes which may have taken place under great pres- 
sure, is obvious, and we may expect to form compounds under 
artificial compression which cannot be found under normal 
pressure. 

In a practical point of view the power of converting one mode 
of force into another is of the highest importance, and with 
reference to a subject which at present, somewhat prematurely 
perhaps, occupies men’s minds, viz., the prospective exhaustion 
of our coal-Helds, there is every encouragement derivable 
from the knowledge that we can at will produce heat by 
the expenditure of other forces; but, more than that, we may 
probably be enabled to absorb or store up as it were diffused 
energy—for instance, Berthelot has found that the potential 
energy of formate of potash is much greater than that of its 
proximate constituents, caustic potash and carbonic oxide. This 
change may take place spontaneously and at ordinary tempera- 
tures and by such change carbonic oxide becomes, so to speak, 
re-invested with the amount of potential energy which its carbon 
possessed before uniting with oxygen, or, in other words, the 
carbonic oxide is raised аз a force-possessor to the place of 
carbon by the direct absorption or conversion of heat from 
surrounding matter. 

Here we have as to force-absorption, an analogous result to 
that of the formation of coal from carbonic acid and water ; and 
though this is а mere illustration, and may never become 
economical on a large scale, still it and similar examples may 
calm apprchension as to future means of supplying heat, should 
our present fuel become exhausted. As the sun's force, spent in 
times long past, is now returned to us from the coal which was 
formed by that light and heat, so the sun's rays, which are 
daily wasted, as far as we are concerned, on the sandy deserts 
of Africa, may hereafter, by chemical or mechanical means, be 
made to light and warm the habitations of the denizens of 
colder regions. The tidal wave is, again, a large reservoir of 
foree hitherto almost unused. 

The valuable researches of Prof. Tyndall on radiant heat 
afford many instances of the power of localizing, if the term be 
permitted, heat which would otherwise be dissipated. 

The discoveries of *Grabam, by which atmospheric air, drawn 
through films of caoutchouc, leaves behind half its nitrogen, or, 
in other words, becomes richer by half in oxygen, and hence has 
а much increased potential energy, not only show а most re- 
markable instance of physical molecular action, merging into 
chemical, but afford us indications of means of storing up force, 
much of the force used in bier the aspirator being capable 
at any period, however remote, of being evolved by burning the 
oxygen with a combustible. 

hat changes may take place in our modes of applying force 
before the coal-fields are exhausted it is impossible to predict. 
Even guesses at the probable period of their exhaustion are 
uncertain. There is a tendency to substitute for smelting in 
metallurgie processes, liquid chemical action, which of course 
has the effect of saving fuel; and the waste of fuel in ordinary 
operations 18 enormous, and can be much economized by already 
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known processes. It is true that we are, at present, far from 
seeing a practical mode of replacing that granary of force the 
coal-tields ; but we may with confidence rely on invention being 
in this case, as in others, born of necessity, when the necessity 
arises. 

I will not further pursue this subject; аба time when science 
and civilization cannot prevent large tracts of country being 
irrigated by human blood in ordinary to gratify the ambition of 
& few restless men, it seems an over-refined sensibility to occupy 
ourselves with providing means for our descendants in the 
tenth generation to warm their dwellings or propel their 
locomotives. 

Two very remarkable applications of the convertibility of 
force have been recently attained by the experiments of Mr. 
Wilde and Mr. Holtz: the former finds that, by conveying 
electricity from the coils ofa magneto-electric machine to an 
electro-magnet, a considerable increase of electrical power may be 
attained, and by applying this as a magneto-electric machine to 
& second, and in turn to a third electro-magnetic apparatus, tho 
force is largely augmented. Of course, to produce this increase, 
more mechanical force must be used at each step to work the 
magneto-electric machines; but provided this be supplied there 
hardly seems a limit to the extent to which mechanical may be 
converted into electrical force. 

Mr. Holtz has contrived a Franklinic electrical machine, in 
which a similar principle is manifested. A varnished glass 

late is made to revolve in close proximity to another plate 
ving two or more pieces of card attached, which аге electrified 
by a bit of rubbed pun or ebonite; the moment this is effected 
в resistance is felt by the operator who turns the handle of the 
machine, and the slight temporary electrization of the card con- 
verts into a continuous flood of intense electricity the force 
supplied by the arm of the operator. 
ese results offer great promise of extended application ; they 
show that, by a mere formal disposition of matter, one force can 
be converted into another, and that not to the limited extent 
hitherto attained, but to an extent co-ordinate, or nearly so, 
with the increased initial force, so that, by a mere change in the 
arrangement of apparatus, а means of. absorbing and again 
eliminating in a new form a given force may be obtained to an 
indefinite extent. As we may, in a not very distant future, 
need, for the daily uses of mankind, heat, light, and mechanical 
force, and find our present resources cxhausted, the more we 
can invent new modes of conversion of forces, the more prospect 
we have of practically supplying such want. It is but a month 
from this time that the greatest triumph of force-conversation 
has been attained. The chemical action generated by a little 
salt water on a few pieces of zinc will now enable us to converse 
with inhabitants of the opposite hemisphere of this planct, the 
Atlantic Telegraph is an accomplished fact. 
* * * * * * 

The facts made known to us by geological inquiries, while on 
the one hand they afford striking evidence of continuity, on the 
other, by the breaks in the record, may be used as arguments 
against it. The great question once was, whether these chasms 
represent sudden changes in the formation of the earth’s crust, 
or whether they arise from dislocations occasioned since the 
original depositions of strata or from gradual shifting of the 
areas of submergence. Few geologists of the present day would, 
I imagine, not adopt the eer alternative. Then comes a 
second question, whether, when the geological formation is of & 
continuous character, the different charaeters of the fossils 
represent absolutely permanent varieties, or may be explained 
by а modifying charges. 

rof. Ansted, summing up the evidence on this head as 
при to one division of stratified rocks, writes as follows :— 
“ Palwontologists have endeavoured to separate the Lias into a 
number of subdivisions, by the Ammonites, groups of species 
of those shells being characteristic of different zones. The 
evidence on this point rests on the assumption of specific 
differences being indicated by permanent modifications of the 
structure of the shell. But it is quite possible that these may 
mean nothing more than would be due to some change in the 
conditions of existence. Except between the Marlstone and the 
Upper Lias there is really no Palwontological break, in the proper 
sense of the words; alterations of form and size consequent on 
the occurrence of circumstances more or less favourable, migra- 
tion of species, and other well-known causes, sufficiently account 
for many of those modifications of the form of the shell that have 
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been taken as specific marks. This view is strengthened by the 
fact that other shells and other organisms generally show no 
proof of a break of any importance except at the point already 
alluded to.” 

But, irrespectively of another deficiency in the geological 
record, which will be noticed presently, the physical breaks in 
the stratification make it next to impossible to fairly trace the 
order of succession of organisms by the evidence afforded by 
their fossil remains. Thus there are nine great breaks in the 
Paleozoic series, four in the Secondary, and one in the Tertiary, 
besides those between Palwozoic and Secondary, and Secondary 
and Tertiary respectively. Thus in England there are sixteen 
important breaks in the succession of strata, together with a 
number of less important interruptions. But although these 
breaks exist, we ae pervading the works of many geologists a 
belief, resulting from the evidence presented to their minds, 
sometimes avowed, sometimes unconsciously implied, that the 
succession of species bears some definite relation to the succession 
of strata. Thus Professor Ramsay says that “in cases of super- 
position of fossiliferous strata, in proportion as the species are 
more or less continuous, that is to say, as the break in the 
succession of life is partial or complete, so was the time that 
elapsed between the close of the lower and the commencement 
of the upper strata a shorter or a longer interval. The break in 
life may be indicated not only by a difference in species, but yet 
more importantly by the absence of older and appearance of 
newer allied or unallied genera." : 

Indications of the connexion between cosmical studies and 
geological researches are dawning on us: there is, for instance, 
some reason to believe that we can trace many geological 
phenomena to our varying rotation round the sun; thus, more 
than thirty years ago Sir J. Herschel proposed an explanation 
of the changes of diano on the earth's surface as evidenced by 
geological phenomena, founded on the changes of excentricity in 
the carth's orbit. 

He said he had entered on the subject * impressed with the 
magnificence of that view of geological revolutions which regards 
them rather as regular and necessary efforts of great and general 
causes, than as resulting from a series of convulsions and 
catastrophes regulated by no laws and reducible to no fixed 
principles.” 

As the mean distance of the earth from the sun is nearly 
invariable, it would scem at first sight that the mean annual 
supply of light and heat received by the earth would also be 
invariable; but according to his calculations it is inversely 

roportional to the minor axis of the orbit: this would give less 
heal when the excentricity of the earth’s orbit is approaching 
towards or at its minimum. Mr. Croll has recently shown 
reason to believe that the climate, at all events in the circum- 
polar and temperate zones of the earth, would depend on whether 
the winter of a given region occurred when the earth at its 
period of greatest excentricity was in aphelion or perihelion—if 
the former, the annual average of temperature would be lower; 
if the latter, it would be higher than when the excentrieity of 
the earth’s orbit were less or approached more nearly to a circle. 
He calculates the difference in the amount of heat at the period 
of maximum excentricity of the earth's orbit to be as nineteen 
to twenty-six, according as the winter would take place when 
the earth was in aphelion or in perihelion. His reason may be 
briefly stated thus: assuming the mean annual heat to be the 
same, whatever the excentricity of orbit, yet if the extremes of 
heat and cold in winter and summer be greater, a colder climate 
will prevail, for there will be more snow and ice accumulated in 
the cold winter than the hot summer can melt, a result pro- 
duced by the vapour (aided by the shelter from the sun's rays) 
suspended in copsequence of the aqueous evaporation; hence 
we should get glacial periods, when the orbit of the earth is at 
its greatest excentricity, at those parts of the earth’s surface 
where it is winter when the earth is in aphelion ; carboniferous 
or hot periods where it is winter in perihelion; and normal or 
temperate periods when the excentricity of orbits is at a 
minimum ; all these would gradually slide into each other, and 
would produce at long distant periods alternations of cold and 
heat, several of which we actually observe in geological records. 

If this theory be borne out, we should approximate to a test 
of the time which has elapsed between different geological 
epochs. Мг. Croll’s computation of this would make it certainly 
not less than 100,100 years since the last glacial epoch, а time not 
very long in geological chronology—probably it is much more. 
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When we compare with the old theories of the earth, by 
which the apparent changes on its surface were accounted for 
by convulsions and cataclysms, the modern view inaugurated 
by Lyell, your former President, and now, if not wholly, at all 
events to a great extent adopted, it seems strange that the 
referring past changes to similar causes to those which are now 
in operation should have remained uninvestigated until the 
prevent century; but with this, as with other branches of 

owledge, the most simple is frequently the latest view which 
occurs to the mind. It is much more easy to invent a Deuz ex 
machina than to trace out the influence of slow continuous 
change ; the love of the marvellous is so much more attractive 
than the patient investigation of truth, that we find it to have 
prevailed almost universally in the early stages of science. 

In astronomy we had crystal spheres, cycles, and epicycles ; 
in chemistry Ше philosopher's stone, the elixir vitæ, the archwus 
or stomach demon, and phlogiston; in electricity the notion 
that amber possessed a soul, and that a mysterious fluid could 
knock down а steeple. In geology a deluge ог в volcano was 
supplied. In Palwontology a new race was created whenever 
theory required it: how such new races began, the theorists did 
not stop to inquire. 

. е е е е е е е 

The records of Ше on the globe шау have been destroyed by 
the fusion of the rocks, which would otherwise have preserved 
them, or by crystallization after hydrothermal action. The 
earlier forms may have existed at a period when this planet was 
in course of formation, or being segregated or detached from 
other worlds or systems. We have not evidence enough to 
speculate on the subject, but by time and patience we may 

uire it. 

ere all the forms which have existed, embalmed in rock, 
the question would be solved; but what a small proportion of 
extinct forms is во preserved, and must be, if we consider the 
circumstances necessary to fossilize organic remains. On the 
dry land, unwashed by rivers and seas, when an animal or 
plant dies, it undergoes chemical decomposition which changes 
its form ; it is consumed by insects, its skeleton is oxidized and 
crumbles into dust. Of the myriads of animals and vegetables 
which annually perish, we find hardly an instance of a relic so 
preserved as to be likely to become a permanent fossil. So 
aguin in the deeper parts of the ocean, or of the Ера lakes, 
the few fish there are perish and their remains sink to the 
bottom, and are there frequently consumed by other marine or 
lacustrine organisms or chemically decomposed. Asa general 
rule, it is only when the remains are silted up by marine, 
fluviatile or lacustrine sediments that the remains are preserved. 
Geology therefore might be expected to keep for us such 
organic remains only as were likel to inhabit deltas or the 
margins of seas, lakes, or rivers; here and there an exception 
may occur, but the mass of preserved relics would be those of 
creatures so situated; and so we find it, the bulk of fossil 
remains consists of fish and amphibia, shell-fish form the major 
art of the geological museum, limestone and chalk rocks 
Frequent consisting of little else than a congeries of fossil 
shells. Plants of reed or rush-like character, fish which are 
capable of inhabiting shallow waters, and saurian animals form 
another large portion of geological remains. 

Compare the shell-fish and amphibia of existing organisms 
with the other forms, and what a small proportion they supply i 
compare the shell fish and amphibia ой Palwontology with the 
other forms, and what an overwhelming majority they yield. 

There is nothing, as Prof. Huxley has remarked, like an 
extinct order of birda or mammals, Ay a few isolated instances. 
It may be said the ancient world possessed a larger proportion 
of fish and amphibia, and was more suited to their existence. I 
see no reason for believing this, at least to anything like the 
extent contended for; the fauna and flora now in course of 
being preserved for future ages would give the same idea to our 
successors. S. 

Crowded as Europe is with cattle, birds, insects, &c., how few 
are geologically preserved! while the muddy or sandy margins 
of the ocean, the estuaries, and deltas are yearly accumulating 
numerous crustacea and mollusca, with some fishes and reptiles 
for the study of future Paleontologists. 

If this position be right, then, notwithstanding the immense 
number of preserved fossils, there must have lived an immea- 
surably larger number of unpreserved organic beings, so that 
the chance of filling up the missing links, except in occasional 
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instances is very slight. Yet where circumstances have re- 
mained suitable for their preservation, many closely connected 
species are preserved—in other words, while the intermediate 
types in certain cases are lost, in others they exist. The oppo- 
nents of continuity lay all stress on the lost and none on the 
existing links. 

But there is another difficulty in the way of tracing 
organism to its parent form, which, from our conventional mode 
of tracing genealogies, is never looked upon ita proper light. 

еге are we to look for the remote ancestor of a given form ? 
Each of us, supposing none of our progenitors to have inter- 
married with relatives, would have had at or about the period 
of the Norman Conquest upwards of a hundred million direct 
ancestors of that generation, and if we add the intermediate 
ancestors double that number. As each individual has a male 
and female parent, we have only to multiply by two for each 
thirty years, the average duration of a generation, and it will 
give the above result. 

Let any one assume that one of his ancestors at the time of 
the Norman Conquest was a Moor, another a Celt, and a third 
a Laplander, and that these three were preserved while all the 
others were lost, he would never recognise either of them ав his 
ancestor, he would only have the one-hundred millionth of the 
blood of each of them, and as far as they were concerned there 
would be no perceptible sign of identity of race. 

But the problem is more complex than that which I have 
stated; at the time of the Conquest there were hardly a hundred 
million people in Europe, it follows that a great number of the 
ancestors of the propontus must have intermarried with relations, 
and then the pedigree, going back to the time of the Conquest, 
instead of being represented by diverging lines, would form & 
network so tangled that no skill could unravel it; Ше law of 
probabilities would indicate that any iwo people in the same 
country, taken at hazard, would not have many generations to 

о back before they would find a common ancestor, who pro- 

ably, could they have seen him or her in the life, had no trace- 
able resemblance to either of them. Thus two animals of a 
very different form, and of what would be termed very different 
-species, might have a common geological ancestor, and yet the 
skill of no comparative anatomist could trace the descent. 

From the long continued conventional habit of ing pedi- 
grees through the male ancestor, we forget in talking of 
овен that each individual has a mother as well as a 

ather, and there is no reason to suppose that he has in him 
less of the blood of the one than of the other. 

The recent discoveries in Palwontology show us that man 
existed on this planet at an epoch far anterior to that commonly 
assigned to him. The instruments connected with human 
remains, and indisputably the work of human hands, show that 
to these remote periods the term civilisation could hardly be 
applied—chipped flints of the rudest construction, robably, in 
the earlier cases, fabricated by holding an amorphous flint in 
the hand and chipping off portions of itby striking it against a 
larger stone or rock ; then, as time suggested improvements, it 
would be more carefully shaped, and another stone used as a 
tool; then (at what intervals we can hardly guess) it would be 
ground, than roughly polished, and so on—subsequently bronze 
weapons, and, nearly the last before we come to historical 
periods, iron. Such an apparently simple invention as a wheel 
must, in all probability, have been far subsequent to the rude 
hunting tools or weapons of war to which I have alluded. 

A little step-by-step reasoning will convince the unprejudiced 
that what we civilisation must have been a gradual process ; 
can it be supposed that the inhabitants of Central America or of 
Egypt suddenly, and what is called instinctively, built their 
cities, carved and ornamented their monuments? If not, if 
they must have learned to construct such erections, did it not 
take time to acquire such learning, to invent tools as occasion ` 
required, contrivances to raise пода, rales or laws by which 
men acted in concert to effect the designP Did not all this 
require time P and if, as the evidence of historical times shows, 
invention marches with a geometrical progression, how slow 
must have been the earlier steps! If even now habit, and pre- 
judice resulting therefrom, vested interests, &c., retard for 
some time the general я вере of a new invention, what must 
have been the degree of retardation among the comparatively 
uneducated beings which then existed P 

I have, of course, been able to indicate only a few of the broad 
arguments on this most interesting subject; for detailed results 
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the works of Darwin, Hooker, Huxley, Carpenter, Lyell, and 
others must be examined. If I appear to lean to the view that 
the successive changes in organic beings do not take place by 
sudden leaps, it is, I believe, from no want of an impartial 
feeling ; but if the facts are stronger in favour of one theory 
than another, it would be an affectation of impartiality to make 
the balance appear equipoised. 

The prejudices of educatio and associations with the past 
are against this as against all new views ; and while on the one 
hand a theory is not to be accepted because it is new and primá 
facie plausible, still, to this assembly I need not say that its 
running counter to existing opinions is not necessarily & reason 
for its rejection; the onus probandi should rest on those who 
advance а now view, but the degree of proof must differ with 
the nature of the subject. The fair question is, Does the newly 
proposed view remove more difficulties, require fewer assump- 
‘tions, and present more consistency with observed facts than 
that which it seeks to supcrsede ? if во, the philosopher will 
adopt it, and the world will follow the philosopher—atter many 
days. It must be borne in mind that even if we are satisficd from 
в persevering and impartial inquiry that organic forms have 
varied indefinitely in time, the causa causans of these changes 
is not explaincd by our researches; if it be admitted that we 
find no evidence of amorphous matter suddenly changed into 
complex structure, still why matters should be endowed with 
the plasticity by which it slowly acquires modified structure is 
unexplained. T we assume that natural selection, or the strug- 

le for existence, coupled with the tendency of like to reproduce 
ike, gives rise to various organic changes. stil our rescarches 
аге at present uniustructive as to why like should produce like, 
why acquired characteristics in the parent should be repro- 
duced in the offspring. Reproduction itself is still an enigma, 
and this great question may involve deeper thoughts than it 
would be suitable to enter upon now. 

Perhaps the most convincing argument in favour of continuity 
which could be Proms to a doubting mind would be the 
difficulty it would feel in representing to itself any fe saltum 
act of nature. Who would not be astonished at beholding an 
oak tree spring up in a day, and not from seed or shoot? We 
are forced by experience, though often unconsciously, to believe 
in continuity as to all effects now taking place ; if any one of them 
be anomalous, we endeavour, by tracing its history and con- 
comitant circumstances, to find its cause, $. e. to relate it to 
antecedent phenomena ; are we then to reject similar inquiries 
ав to the past? is it laudable to seek ап explanation of present 
changes by observation, experiment, and analogy, and yet repre- 
Неа ле to apply the same mode of investigation to the past 
history of the earth and of the organic remains embalmed in it? 

If we disbelieve in sudden creations of matter or force, in the 
sudden formations of complex organisms now, if we now assign 
to tho heat of the sun an action enabling vegetables to live by 
assimilating gases and amorphous earths into growing struc- 
tures, why should such effects not have taken place in earlier 
periods of the world’s history, when the sun shone as now, and 
when the same materials existed for his rays to fall upon P 

If we are satisfied that continuity is a law of mature, the true 
expression of the action of Almighty Power, then, though we 
may humbly confess our inability to explain why matter is 
impressed with this gradual tendency to structural formation, 
we should cease to look for special interventions of creative 

wer in changes which are difficult to understand, because, 
Pein removed from us in time, their concomitants are lost; we 
should endeavour from the relics to evoke thcir history, and 
when we find a gap not try to bridge it over with a miracle. 

If it be true that continuity pervades all physical phenomena, 
the doctrine applied by Cuvier to the relations of the different 
parts of an animal to each other might be capable of great 
extension. All the phenomena of inorganic and organised 
matter might be expected to be so inter-related that the study 
of an isolated phenomenon would lead to a knowledge of nume- 
rous other phenomena with which it is connected. As the 


antiquary deduces from a monolith the tools, the arts, the. 


habits, and epoch of those by whom it is wrought, so the 
student of science may deduce from a spark of electricity or 
a ray of light the sourco whence it is generated ; and by similar 

sses of reasoning other phenomena hitherto unknown may 
а deduced from their probable relation with Ше known. But, 
as with light, heat, magnetism, and electricity, or we may 
study the phenomena to which these names have been given, 
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and their mutual relations, we know nothing of what they are; 
во, whether we adopt the view of natural selection, of effort, 
of plasticity, &c., we know not why organisms should have this 
nisus formativus, or why the acquired habit or exceptional 
quality of the individual should re-appear in the offspring. 

Philosophy ought to have no likes or dislikes, truth is her 
only aim ; but if a glow of admiration be permitted to a physical 
inquirer, to my mind a far more exquisite sense of the beautiful 
is conveyed by the orderly development, by the necessary inter- 
relation and inter-action of each element of the cosmos, and by 
the conviction that a bullet falling to the ground changes the 
dynamical conditions of the universe, than can be conveyed by 
mysteries, by convulsions, or by cataclysms. 

The sense of understauding is tothe educated more gratifying 
than the love of the marvellous, though the latter need never 
be wanting to the nature-seeker. | 

But the doctrine of continuity is not solely applicable to 
physical inquiries. 

The same modes of thought which lead us to see continuity 
in the field of the microscope as in the universe, in infinity 
downwards as in infinity upwards, will lead us to see it in the 
history of our own race; the revolutionary ideas of the so-called 
natural rights of man, and а priori reasoning from what are termed 
first princrples, are far more unsound and give us far less ground 
for improvement of the race than the study of the gradual pro- 
gressive changes arising from changed circumstances, changed 
wants, changed habits. Our language, our social institutions, 
our laws, the constitution of which we are proud, are the growth 
of time, the product of slow adaptations, resulting frorh con- 
tinuous struggles. Happily in this country, though our philo- 
sophical writers do not don s recognise it, practical experience 
has taught us to improve is than to remodel ; we follow the 
law of nature and avoid cataclysms. 

The superiority of шап over other animals inhabiting this 
planet, of civilized over savage man, and of the more civilized 
over the less civilized, is proportioned to the extent which his 
thought can grasp of the past and of the future. His memory 
reaches further back, his capability of prediction reaches further 
forward, in proportion as his knowledge increases. He has not 
only personal memory which brings to his mind at will the 
events of his individual life,—he has history, the memory of 
the race; he has geolog , the history ofthe planet; he 
astronomy, the geology of other worlds. Whence does the con- 
viction to which I have alluded, that each material form bears 
in itself the records of its past history, ariseP Is it not from 
the belief in continuity ? Does not the worn hollow on the rock 
record the action of the tide, its stratified layers the slow 
deposition by which it was formed, the organic remains im- 
bedded in it the beingsliving at the times these layers were 
deposited, so that from a fragment of stone we can get the 
history of & period myriads of years ago? From a fragment of 
bronze we may get the history of our race at a period antecedent 
to tradition. As science advances our power of reading this 
history improves and is extended. Saturn’s ring may help us 
to & knowledge of how our solar system developed itself, for it 
as surely eontains that history as the rock contains the record 
of its own formation. 

By this patient investigation how much have we already 
learned, which the most civilized of ancient human races 
ignored! While in ethics, in politics, in poetry, in sculpture, 
in painting, we have scarcely, if at all, advanced beyond the 
highest intellects of ancient Greece or Italy, how great are the 
steps we have made in physical science and its applications! 

ut how much more may we not expect to know ? 

We, Ephemera as we are, have learned by transmitted 
labour, to weigh, as in & balance, other worlds larger and 
heavier than our own, to know the length of their days and 
years, to measure their enormous distance from us and from 
each other, to detect and accurately ascertain the influence they 
have on the movements of our world and on each other, and to 
discover the substances of which they are composed; may we 
not fairly hope that similar methods of research to those which 
have taught us so much may e our race further information, 
until problems relating not only to remote worlds, but possibly 
to organic and sentient beings which may inhabit them, problems 
which it might now seem wildly visionary to enunciate may be 
solved by progressive improvements in the modes of applying 
observation gad аван нет induction and deduction. 
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THEORY OF THE INFLUENCE OF FRICTION UPON 
THE MECHANICAL EFFICIENCY OF STEAM* 


Ву W. J. Macquorn Raxxixz, C.E., LL.D. 


1. Attention has been called to the fact that the heat pro- 
duced by the friction of the pistons, piston-rods, and trunks of 
steam-engines must be wholly or partly communicated to the 
steam, and must thus affect the work of the steam and the 
expenditure of heat upon it. The object of the ри per is 
to point out how that fact, when treated accor to the prin- 
ciples of thermodynamics, affects the efficiency of the steam. 

9. The most general and elementary way of considering the 
subject is as follows :—Let W denote the whole indicated work 
of the steam in а given time, including that which is lost through 
friction in the cylinder; let F be the part of that work which 18 
во lost, so that WHF is the available work; also let H be the 
whole expenditure of heat upon the steam in the same time, ех- 
pressed in units of work by the aid of the first law of thermo- 


dynamics. Then x is the efficiency of the steam when friction 


is not taken into account. If we take into account the loss of 
work through friction, but not the gain of heat, the efficiency ія 


reduced to —— —^. With respect to the gain of heat through 


friction, it is to be observed that if the cylinder is properly 
jacketed and protected, the whole of the heat due to the friction 
ofthe piston must be communicated to the steam, and that, if 
we consider the great superiority of slightly moist steam above 
'air in conducting power, it is probable that a small fraction only 
of the heat due to the friction of piston rods and trunks escapes 
without being taken up by the steam also. If, then, we suppose 
that sensibly the whole due to friction in the cylinder is taken 
‘up by the steam, there is a corresponding saving in the expendi- 
ture of heat and the efficiency of the steam becomes 
—Е 


НЕ °° 
"being less than Я, the efficiency neglecting friction ; but greater 


Е 
than W — Е the efficiency when the loss of work is taken into 


(A) 


-account, but not the saving of heat. 

3. For example, Jet the case be taken of an engine in which 
the steam is itted to the cylinder at an absolute pressure of 
40 lb. on the square inch, being 25:3 Ib. on the square inch above 
the atmosphere, the back pressure being 410. on the square inch, 
and the rate of expansion bib. The efficiency of the steam in 


such an еп пе, neglecting friction, is about 0-12 = E . Sup- 


pose now that one-tenth of the indicated work is lost in friction 
in the cylinder,and that all the heat of friction is taken up by 
the steem ; that is to say, let F = 01 W = 0012 Н. Then the 
fraction 0012 expresses the saving of heat through friction, and 
the em is found by equation А to have the following 


value: —F. OlZ — 0019 _ 0108  , 

Н-в7 1000 — 0018 — 0988 — 0109. 
The result of taking mto account the loss of work, but neglect- 
ing the saving of heat, is ——— Е = 0-108. 


4. The following is the result of applying the principles of 
thermodynamics more in detail to the process of expansive work- 
ing as affected by friction. During any small portion of the 
process of expansive working let d W be the total work done, in- 
-cluding friction, and 4 F the part.of that work which is lost in 
friction ; also let £ be the absolute temperature at which the 
work d W is done, and & the real dynamical specific heat of the 
substance. Then by the second law of thermedynamics, the ex- 
penditure-of heat during ‘the given small portion of the process 
18 dH-tde; 
in which the * thermodynamic function" $ has the following 
value :— = dW 

ф = Е hyp. log.¢ + PI 

If all the heat due to the friction is taken up by the working 

substance, let d H! be the diminished expenditure of heat; then 


the thermodynamic P unen of the process becomes 
d Wt —d —dF=tdo—dF (B) 


* Paper read before tke British Association, Nottingham, 1866. 
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And if, as is often sensibly the case, the work done in friction is 

а constant fraction f of the whole work, so that 4 F — fd W, we 

have the following equation : 
dH'—tde—fdW . . . . . 0 

5. The special mode of operation of fription in saving heat 
during the working of steam in ordinary steam engines probably 
consists in a diminution of the additional supply of heat required 
by the steam while in the cylinder, in order to prevent the 
accumulation of liquid water there. It is known that during 
the expansive working of steam heat p sec that part of 
such disappearance of heat (viz. from one-fourth to one- of 
it) takes effect in lowering the temperature of the steam to that 
corresponding to the diminished pressure; and that the remain- 
der (being from three-fourths to four-fifths) tends to produce 
liquefaction of part of the steam. Such liquefaction is known to 
cause indirectly great waste of heat, through the distillation of 
the liquid water into the condenser, and consequent abstraction 
from the cylinder of heat, which has to be supplied by means of 
an increased expenditure of boiler steam. In order to realise, 
therefore, the economy due to expansive working, it ia necessary 
to keep the steam during the expansion nearly in a state of dry- 
ness; and for that purpose it must be supplied with heat to the 
extent of from three-fourths to four-fifths of the heat which dis- 
appears during the expansion. That supply of heat may be con- 
veyed from the boiler either by means of a steam jacket, or of 
superheating, or by both methods combined; and the heat due 
to friction in the cylinder, by contributing to that supply, 
diminishes the part of it which it is necessary to obtain from 
the boiler. 

6. The theoretical formule for the indicated work and the 
expenditure of heat in a steam engine working with dry saturated 
steam are as follows :—* 

Let the initial absolate temperature, absolute pressure, and 
volume of one pound of steam be denoted, during the admission 
into the cylinder, by ¢,, p,, and v,, and at the end of the expan- 


sion by ¢,, рз, and v, ; so that E is the rate of expansion. 


1 

Let p, be the back pressure of the exhaust steam in the 
cylinder, and ¢, the absolute temperature of the feed-water. 

Let a — b t be the approximate value, in units of work, of the 
latent heat of evaporation of one pound of water at the absolute 
temperature ¢; the constants being as follows :— 

a = 1109550 foot pounds ; 
$ = 5404 foot pounds per degree of Fahrenheit, or 
972-72 foot-pounds per Centigrade degree. 

Let J be Joule’s equivalent of the specific heat of liquid water 
= 772 foot-pounds for Fahrenheit’s scale, or 1,390 foot-pounds 
for the Centigrade scale nearly. 

Let U denote the work done by a pound of steam. on the sup- 

sition that the back pressure is equal to the final pressure 
(p, = р,); and W the whole indieated work done by a pound 
of steam. 


Then U = a hyp. log. А — (t, — 1) (D) 
and W=U+ Ps -р,) СА 4 . А (Е) 
also the expenditure of heat per pound of steam is 


=U +a—bt, +] (t —i) . . . D 
Now the total heat of evaporation of one pound of steam, at 
the initial temperature ¢,, is 
H, =a—bt, +d (6—0) . go . (С) 
and the difference between this and the total expenditure of heat 
is the additional heat which must be supplied to each pound of 
steam in order to prevent liquefaction in She cylinder, that is to 
say— 
H — H, = U — (J — b) (,—4,) 
== а hyp. log. a— J (h — t) (B) 
3 
It appears by calculating numerical results in particular cases 
that Н — H, = from 075 to 0:8 U nearly . . (K 
0:75 being the co-efficient at high temperature, and 0:8 at low. 
7. It is out of this latter part of the expenditure of heat 
H — H, that the saving is made through the heat produced by 
the friction in the cylinder. The following are four examples 
of the theoretical calculation of the work and expenditure of 


+ For their demonstration see “ Phil. Trans.," 1859, and “А Мапоз! of the 
Steam Engine and other Prime Movers,” р. 396; ond for approximate formule for 
practical uso, gee also * The Engineer," Jan. 5, 1866, p. 1, and '* Useful Rules and 

ables,” p. 232. 
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heat per pound of steam, and of the efficiency, with and without 
allowances for friction :— 


No. op ЕХАМРЬВ, 


Temperature— Fahrenheit, 1. п. ті. гу. 
Initial, ordinary . . . 338405. 338deg. 267 deg. 257 deg. 
ө absolute; & = . . 799 „ 799, „ 718, 
Final, ordinary š 3 248 „ 203, 176, 221, 
» absolute, ё, = . . 709 „ 664, 637 „ 612,, 
Feed-water, ordinary |. . 104 104 104 „ 104, 
» ісіне; Ё, = 565 „ 665 „ 666 „ 565, 
Prearurss—ib, on the square foot— 
Initial, p, . . . 16580 16580 4854 4864 
Final, pe = . . 4152 1765 988 2524 
Back, ps = . . . 649 649 649 649 
Volumes —oubic feet to the 18.- 
Initial, 91 = . А . $814 23814 1209 12:09 
Finale, = . > А 1400 31°26 5292 22-34 
Rates of expansion 2° = . 867 82 446 1:86 
Indicated work іп foot-pounds 
per pound of steam, at 
pressures above the final 
pressure, U = 83930 132350 89000 37600 


Do. at pressures below the 
final pressure (ра — ps) 


= . . я . 49042 84700 18140 41900 
Total indicated work, foot- 
Pounds, per Ib. of в " 
= 4 . . . 182972 167060 107140 179500 
Heat expended іп foot-pounds 
per lb. of steam, before 
admission H, = . . 859175 859175 840139 840139 
Additional heat to prevent 
liquefaction (without de- 
duction) Н — Н, = 62778 100623 69964 29139 
Total heat expended (without 
deduction) H = = 921953 959798 910103 860278 
Efficiency without friction 101442 0174 01176 00915 
8ч co-efficient of friction 
Т меді, then work lost 
in friction and heat saved 
Е = = 22. 13297 16705 10714 7960 
Available work W — Е = . 119675 160345 96426 71659 
Heat expended to prevent 
liquefaction, deducting 
that saved by friction, 
--Ні-- E= . . 49481 83918 69250 2118 
Total heat expended, deduct- 
ing that saved by friction 
Н--Е- . . 908666 943093 899389 861328 
Efficiency, sees for fric- 
tion a 2% . 0:132 0°1595 01073 0:083 


8. From the preceding formule апа calculations it appears 
that although the heat produced by friction in the der 
makes but а trifling saving when compared with the whole heat 
expended, it may become considerable when compared with that 
m of the expenditure of heat which is employed to prevent 

iquefaction of steam in the cylinder, and may thus co-operate 
usefully with the action of jaeketing and superheating. 


In reply to some observations by Mr. Smith and Мг. Bramwell, the 
latter of whom pointed out that the heat generated would be carried 
away in by the exhaust, Professor Rankine said he was sorry that 
he should have explained himself so badly in his original paper as to lead 
Mr. Bramwell and Mr. Smith to suppose that he regarded the heat gene- 
rated by friction as increasing the motive power. That was not what he 
had intended to convey. He was far from supposing that the heat geno- 
rated by friction added in the slightest degree to the amount of the work- 
ing power of the steam, ог even made the diminution of the work less 
than it would otherwise be. What he meant to convey was that the 
effect which he had ascribed to the heat produced by friction was not a 
gain or saving of mechanical work, but simply a saving of a portion of 
the heat which would otherwise be lost in preventing liquefaction of the 
steam, Whatever quantity of heat was produced in the cylinder by 
friction, precisely to that extent would the heat which it was necessary 
to supply by means of jacketing or superheating be diminished. Steam 
might be dried or superheated by wire-drawing, or passing through a 
emall sperture without performing work. Most engineers, however, 
would agree with him that to dry or superheat steam by that method 
was not economical, and that the same object could be better attained 
by the direct application of heat, 
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ON THE DECAY OF MATERIALS IN TROPICAL 
CLIMATES, AND THE METHODS EMPLOYED FOR 
ARRESTING AND PREVENTING IT.* 


By Сорғввү Oarms Mann. 


Тнк cause of the decay of materials in tropical climates, and 
the means successfully employed to prevent such decay, must 
become an increasing matter of interest to the Engineer, as well 
ав to the English capitalist, not only from the rapid increase of 

ublic works in India, but also from the connection of Great 
ritain with the extensive and rising empire of Brazil, with 
reference to which this Paper is especially written. 

The climate of Brazil is the most agreeable of any within the 
tropics, either in the western or in the eastern hemisphere. 
This is especially the case in the Province of Pernambuco, 
where, irobably, the temperature varies less than in any other 
quarter of the globe, as— 

The average temperature in the night during the year is 64°. 

The average temperature in the shade during the rains is 78°, 

The average temperature in the shade during the hot season 

is 82°. 

The highest temperature in the sun during the year is 1489, 

The seasons, which, without doubt, influence more than the 
temperature the decay of materials, cannot be said to be so 
regular, as regards я months, as in India, or аз to the 
quantity of rain falling during the year. The annual rainfall 
varies from 60 inches to 120 inches. Thus, in 1860, 67 inches 
fell, whilst in 1861, the rainfall amounted to 123 inches. In 
some years the rains eommence unusually early, continue for a 
month or more, after which there may be a month, or even two 
months of hot weather; when the rains again set in for a short. 
or a lengthened period. In other years the rains commence 
late, and last only a short time; or set in early, and continue 
for a long period, with intervals of days, or perhaps wéeks, of 
sun, causing that peculiarity in the climate, excessive heat com- 
bined with much moisture, noticeable, more or less throughout 
the year, and which must be very trying for the generality of 
materials, more particularly railway sleepers, about which it is 
proposed first to treat. 

The first le of the permanent way of the Pernambuco 
Railway were laid in February, or March, 1857, with creosoted 
sleepers of timber from the north of Europe. Fair average 
samples, taken out on the lst December, 1863, show that the 
half round intermediate sleeper is in the most perfect state of 

reservation, in faet, nearly as good as on the day it was put 

own; while the square sawn, or joint sleeper has not withstood 
the effects of the te so well. Although the square sleeper 
does not exhibit a very favourable result, there can be no doubt 
as to the advisability of sending out, in the first instance, to 
India, Brazil, or any other tropical climate, in which a railway 
is being made, the whole of the materials required for the 
permanent way, as the Engineers and the contractors’ agents, 
are, in most cases, unacquainted with the qualities of tropical 
timber, and the locality is generally unable to supply timber of 
good quality, in sufficient quantities, for the ra d construction 
ofaline. Even if the required quantity could be obtained, the 
natives are so well versed in the question of supply and demand, 
that the native timber quickly assumes the price of imported 
creosoted sleepers. It is evident, from а sample which had 
been laid nearly seven years before removal, that creosote will, 
if properly applied to suitable descriptions of timber, prevent 
its decay іш tropical climates. 

The points requiring consideration are, the quality and form 
of the sleeper, and the kind of ballast in which it wil be most 
advisable to lay it. About 12 miles of the Pernambuco Railway 
are entirely laid with creosoted sleepers, principally in white 
sand. In this description of ballast, Ше half-round sleepers 
have suffered, since the opening of the first section of the line 
in 1858, a depreciation of not more than 1 рег cent, whilst 
the square sawn sleepers have experienced a depreciation of not 
less than 50 per cent. Had the latter been placed in wet 
cuttings, with Базе retentive ofmoisture, no doubt the whole 
of them would have required to be renewed. Hence it is 
evident, that the smaller and closcr grained wood is much more 
lasting than the larger and more porous description; and that 
fine open sand ballast, which allows a free drainage during the 
rains, із best adapted for the preservation of sleepers in the 
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tropics. This has been satisfactorilyproved in 10 miles of road 
laid with creosoted and with nativesleepers, in a mixed desc- 
ription of ballast, in which neither has stood so well as in the 
fine sand. 

As regards the form, the general opinion in Pernambuco is in 
favour of the half round, as it allows the water, during the wet 
season, to pass away more freely, than is the case with the 
square sawn sleeper. 

In 1859, whilst the works of the second section of the Per- 
nambuco Railway were in progress, the Government Engineer 
Fiscal, Signor Manoel de Barras, advised the use of native 
sleepers; but, beyond giving a list of those timbers he con- 
sidered suitable, т did not, in any way, assist the Company’s 
Engineer with any facts as to the peculiarities of these timbers. 
The result was, that the wood was cut at unfavourable seasons, 
and the progress of the works being rapid, the sleepers had not 
time to dry, but were used in a perfectly green state, so that 
shortly a the opening of any section, the renewal of the 
sleepers had to be commenecd. Оп the fourth and last section, 
this took place within а month after it was opened. 

From this it might be inferred, that there does not exist in 
Brazil timber, either in quality or аран fit for railway pur- 
poses ; but such is not the case, as there are numerous qualities 
of the finest wood in the world, and about as inexhaustible as 
the coal-fields of Great Britain. 

The question may be asked, why then has this supply not 
been made available? In reply, it may bo said, that there is an 
entire want of all statistical or reliable information amongst the 

ople themselves. They continue to employ what their fore- 

‘athers used, and if it serves their purpose, they have not the 
least desire to find out anything better, or more available. This 
seems to obtain in all tropical climates, so that the railway 
pioneer finds himself without data to guide him, and it is only 
after a residence of many years in any one of these countries, 
that personal and gradually acquired experience can guide the 
Engineer to a judicious use of the resources of the country, and 
insure his not committing any serious error. 

Railway sleepers being a new feature in Brazil, the railway 
Engineers had to scek for information, as to the durability of 
the innumerable varieties of timber existing in the country. 
The result was, that scarcely two opinions were found to agree ; 
ignorance or cupidity in most cases influencing the information 
given. Consequently most unsuitable descriptions were used, 
which now (as previously stated), after being laid but a short 
time, require extensive renewals. Still, some of the samples 
afford evidence, that there is wood in Brazil that will last 
for an indefinite period. The opening of the railways into 
the interior will doubtless bring this superior description of 
wood to the various sea-ports, as is now the case on the Per- 
nambuco Railway, to the exclusion of all imported timber. The 
Author, after nearly seven years’ experience, is confident that 

roperly selected timber of the country will be found more 
Е than any description of wood sleeper yet imported; 
and, as resident Engineer of the Pernambuco Заа, he is 
now employing these kinds in renewing the sleepers on the line. 

In conclusion, upon the subject of native railway sleepers, it 
is found advisable, in order to prevent decay, to cut the timber 
during the dry season, to select large and г -grown trees, to 
remove the whole of the bark and sapwood, leaving the heart 
only, and not to expose the slecpers in the sun when first cut, 
but to stack them in open piles under cover, through and about 
which the air can зен circulate for a few months. These 
rules being attended to, the result will be satisfactory, as regards 
Brazilian timber, and it is reasonable to assume, that the same 
rules will apply, more or less, to timber in India, and other 
tropical countries. 

The cost of sleepers delivered, subject to these conditions, at 
the various stations on the Pernambuco Railway is at present 
2s. 7d. each, the scantling being sometimes 10 inches, by 5 
inches, by 9 fect, but more frequently 12 inches, by 6 inches, 
by 9 feet. Imported creosoted sleepers have invariably cost 
double that emount. 

From what has been said with regard to railway sleepers, it 
will be evident, that timber in general requires in tropical 
climates, the greatest consideration in its use for permanent 
structures. Reliable information may perhaps bo obtained, as to 
the best descriptions for general use: still the Engineer will 
mect with such a variety of opinions among the natives, that it 
is only after considerable personal experience, that he feels 
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certain in using any description for particular es. Good 
timber suitable for building abounds in Brel in the greatest 
variety. Many kinds are impervious to the white ant, which 
insect generally selects the more porous woods, and especiall 
if these are in contact with the earth. In dry places and wi 

a free circulation of air, the white ant does not prefer timber 
thus situated ; and it is found that roofs of buildings, of good 
and well-scasoned native wood, resist, for an indefinite period 
both the climate and the white ant. 

Creosoted timber, it is well known, resists the attacks of the 
white ant; but the close grain of the generality of ical 
timber renders any attempt to creosote it all but useless. North 
American pitch-pine also stands exceedingly well the attacks of 
the white ant, when used in the roofa of buildings, or in any 
locality not humid; but it is found after a time, when laid upon 
the earth, to lose its resisting powers, as well as to become 
pu to rapid decay. 

ite, or yellow, pine can only be used in the tropics for 
doors, movable window frames, bodies of railway wagons, or 
other work intended to be kept in motion. Its use even for 
these purposes is questionable, as the white ant has such an 
affinity for it, that a door or a window which has remained shut 
for a few weeks, will almost invariably be attacked by that 
insect. Generally it will be best to select suitable native wood 
for all permanent works. Since the opening of the railway in 
Pernambuco, timber can be brought 70 miles or 80 miles from 
the interior, and be delivered of any practical scantling, at the 
rate of 18. per cubic foot. 

Since the establishment of the gasworks in Pernambuco, the 
Brazilian Engineers and constructors have adopted the practice 
of ‘ paying’ over, with coal tar, the ends of all timbers built into 
the gables of buildings, or in any other position in which it is 
buried, or excluded from the air, and so far apparently with 
beneficial results. 

The oldest samples of native timber that could be obtained 
accompany this Paper, and are part of the piles, taken up during 
the month of November, 1863, of the old Recife wooden bridge, 
constructed in 1614, and now about to be replaced by an iron 
bridge, under the direction of Mr. W. Martineau, (М. Inst.C.E.) 

It is only necessary to add, as regards this part of the subject, 
that to insure satisfactory results, it will be essential to select 
the quality suitable for any pnour description of work, to 
see that the wood is cut at the proper season, and, to prevent 
its а , not to expose it to the sun when first cut; to have 
all the ‘bark and sapwood removed, and to allow it to drya 
certain time before being used. With these precautions no 
foreign timber will be found able to compete, in the tropics, with 
that of native growth. 

Upon iron bridges, from their increasing adaptation, any in- 
formation as to the result of their use in tropical climates must 
be very desirable. The merits of the different forms will not 
be discussed, as each may be said to be equally liable to decay. 
There is, however, one great defect in the construction of some 
of these bridges, that is, suspending the transverse girders by 
bolts, instead of allowing them to rest on the main longitudinal 
girder. When the two plans are compared, the most casual 
observer must give the preference to the latter, particularly 
where iron is so subject to rust if not properly treated, 

Iron bridges in the tropies will, if proper care be taken in the 
first place, and ordinary attention Бен upon them after- 
wards, last for an indefinite period, whether on the sea-board 
or in the interior; but in the latter locality they will always 
show more favourable results. Under either of these conditions, 
it will be found desirable, wherever practicable, to construct the 
ре of stone, in Es to ди iron piles, as the latter will 

e found to be the first destroyed. In the province of Per- 
nambuco, there are no examples of old iron bridges; in fact 
except the St. Isabel, completed in 1863, by Messrs. Horace, 
Green and Co., there are no other iron bridges than those of the 
Pernambuco Railway, four of which, when examined, showed 
the following results :—In these bridges the piers are formed of 
four cast-iron pipe pile, each 15 inches in diameter, to which 
were afterwards added two cylinders, each 3 feet in diameter, 
sunk on each side of the original pier, with columns and side 
brackets to the girders, an addition that was found necessary 
after the line had been opened for traffic. The superstructare, 
in most cases, is composed of Warren’s girders. 

The first bridge over the Pirapama River, about 16 miles from 
the city terminus, consists of two spans of 60 feet each. The 
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iron piles below the water level were found to be coated with a 
thin layer of mud, similar to that of the bed of the river. When 
this was washed off, the piles appeared to be in a most perfect 
state, and not in the least rusted, in fact in as good preservation 
ss when first put down. The bolts and nuts connecting the 
piles, the wrought iron tie-bars for bracing the columns, as well 
as the whole of the upper structure, were also found to be in 
the most perfect state. The water in this river, although affected 
by the rise and fall of the tide, is at all times fresh, both near, 
and for some distance below the bridge. 

The second bridge consists of three spans over the Saboatao, 
a tidal river, which at the site of the bridge is salt, or more or 
less brackish, except at the lowest tides, when it is sometimes 
found to be fresh. Here the piles under high water were 
covered with small marine shells, not to any preat thickness, 
and easily removed, when the red paint was found to be as 
perescae when first applied. Тһе iron itself did not seem to 

ve been in the leastaifected. The wrought-iron bracing bars, 
3 inches by $ inch, were not in such good preservation, rust 
being observed on them after the shells were removed. Тһе 
whole of the upper structure was in a good and satisfactory 
condition. 

The next bridge that came under examination was one of five 

8, over the mouth of the river Ibura, at the head of Recife 
arbour; and the fourth and last of six spans, over the 
Capibaribe, a few hundred yards from the former, and as the 
result in both was exactly alike, they may be jointly described. 
At the time of the examination, the tide waè very low, the bed 
of the river being nearly dry, so that the pipe-piles could be 
examined down to the sand. The whole of these were densely 
covered with oysters from 6 inches to 12 inches thick, and the 
first ones had adhered so firmly to the piles, that on breaking 
them with a hammer, portions of the backs of the shells re- 
mained, requiring a chisel to get them off. When these were 
all removed, it was satisfactory to find that the piles were 
perfectly sound. These shells appear to act as preservatives to 
the metal, by excluding the air and the sea-water. There is no 
doubt further examinations will prove, that these shells afford 
probably а better protection than any composition that could 
e put on, and therefore ought not to be removed. The 
wrought iron bracing bars in these bridges, do not, as may be 
expected, show so well as the cast-iron piles. A sample from 
the end of tho bar attached to the pile-joint below the water line 
accompanies the Paper. It will show to what extent these bars 
bave been affected, after being erected about six years, as well 
as illustrate how the shells adhere to the piles. The upper 
structure of these bridges was found to be in the best possible 
condition, and the result of the examination on the whole was 
very satisfactory. 

tt may probably be necessary in a few years to renew some of 
the wrought-iron bracing bars, as well as some of the bolts and 
nuts under water. When these require renewing, it will be 
advisable to use steel in place of wrought iron, as that material 
will no doubt endure as long as the bridge lasts. The result of 
six years’ experience is certainly but a short time upon which to 
form a decided opinion ; but it would appear, that the cast-iron 
pipe piles are likely to last for a onsideratile period, and that 
the upper structure of wrought iron, with ordinary care and 
attention, is also likely to sand. well. The only parts apparently 
affeeted are the wrought-iron bracing bars and the bolts and 
nuts below high-water mark. These may in future be made of 
steel with but little additional expense. 

No special means appear hitherto to have been employed, or 
to have been considered necessary, for the preservation of iron 
bridges sent to the tropics. Red lead, or any other description 
of paint that came to hand, appears to have been used, and no 
consideration seems to have been given to the condition, or state 
of humidity, of the ironwork when e In consequence, 
after the sea voyage, Owing to the high temperature and the 
‘steamy’ state of the ship’s hold, rust is formed underneath the 

aint; the latter rises in blisters, then bursts, and falls ofin 
arge flakes, exposing the bare iron, highly oxidised, without a 
vestige of the paint тешаи, This not only takes pe with 
bridge-work, but also with locomotive engines and tenders, 
wrought-iron tanks, &c., when sent out completely painted. 
No doubt the same care is bestowed upon them as when intended 


for home use, but it would be better not to go to this expense, аз e 


it only entails further outlay in а short time, to scrape the 
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whole off and commence afresh. Care should be taken, in every 
description of work, that the iron be perfectly dry before tho 
paint, or any other composition, islaidon. After trying a variety 
of paints, coal-tar was at last resorted to, for the preservation of 
the iron bridges on the Pernambuco Railway, and so far 
apparently with good success. From the result of its application 
in several other descriptions of work, the Author з not 
hesitate to recommend its use as the most efficient protection for 
bridges and iron work in general for the tropics. In order to 
remove the great and first source of mischief, moisture, or 
incipient oxidation on the surface of the iron, it will be advisable 
to have the whole of the smaller parts of the bridge-work, &c., 
before being sent away for shipment, heated to a low temperature, 
by, passing them through a furnace or otherwise, then brushed 
and dipped in tar. Thelarger parts, which it would be incon- 
venient to heat, should be well cleaned, and the tar laid on as 
hot as possible. Tar of course can only be employed where it is 
decided to continue its use for the future preservation of the 
bridge. With publie bridges, or in any situation where orna- 
mental painting is considered necessary, linseed oil may be used 
instead of, and in the same way as, tar. Over this, and for 
further protection, a thin coat of zinc paint may Бе laid. This 
will stand the sea voyage, and when the bridge is erected, it can 
be cleaned off, when the ironwork will be ready to receive the 
finishing coat, which should also be of zinc, as all other paints for 
трон climates are Berfortly useless. 

t is to be hoped that tar, linseed oil, and zinc paint, will all 
shortly be superseded by galvanising the whole of the bridge- 
work for the tropics, by which process more efficient protection 
will be afforded than by any other. 

With regard to building materials, stone, when obtainable of 
good quality, is the most desirable, in all respects, for a tropical 
climate ; and with the excellent lime of Brazil, and the still better 
‘chunam’ of India, good stone-work in these climates is the most 
likely to last, with the least outlay for repairs. Stone ought 
never to be lost sight of by the Engineer, whenever its use is at 
all practicable. Abutments for bridges will, of course, be built 
of this material when it ін obtainable, and, as previously stated, 
when’ practicable it is also to be preferred for the piers, instead 
of cast-iron piles. Stone has never been extensively used in or 
about Recife, owing to its being found only at a considerable 
distance from the city. It is imported from Portugal, for facing 
the churches. These, and a few old Dutch works of the 
seventeenth century, show how well this material stands the 
decaying influence of the tropics. It need scarcely be said, that 
no mistake can possibly be made in allowing it to enter freely 
into the construction of all public works in these climates. 

Bricks, when stone cannot be obtained, must of necessity be 
used for certain descriptions of work. Great caution should be 
exercised in their selection, as it is found that all bricks made 
near the sea-hoard, with brackish water, are exceedingly sus- 
ceptible to the weather, and moulder rapidly away when exposed. 
Tt is, therefore, advisable to make them at some distance from 
the coast, with fresh water, and above all to have them well and 
опишу burned, which, in these climates, where fuel is 
generally expensive, is most difficult to insure. Near to the sea- 
coast, it is found necessary to protect all brickwork with plaster, 
which certainly serves its роо exceedingly well. the 
interior of the country well-burnt bricks may stand for a few 
years, but ultimately it will be necessary to plaster them, or to 
give them a thick coat of whitewash from Ише to time. Tar, 
over a coat of whitewash, has been used with considerable suc- 
cess, for the protection of brick buildings, and other works of 
this nmterial ; and in localities where it would not be considered 
unsightly, it is certainly preferable in buildings on the side from 
which the prevailing winds and rains set in during the wet 
season, as it not only throws off the moisture on the outside 
quicker, but tends to kcep the interior of the building freer from 
moisture than any other outer protection. Of two samples of 
brick taken from the same wall, built in 1790, in Recife, although 
not in any way protected by plaster, or lime whitewash, one 
appears to be quite perfect, while the other is rapidly decaying, 
and shows the necessity of outward protection, as a general rule, 
owing to the all but impossibility of obtaining, in large quanti- 
ties, thoroughly well-burnt bricks. 

Tiles, in Brezil are almost invariably of the form shown in 
the specimens, and are made of similar material to, though where 
obtainable of better clay, than the bricks. When well burut, 
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and of а good shape, with sufficient overlap when laid on the 
roof, native tiles answer their purpose exceedingly well, and 
being thin, and invariably burnt in ovens, this process is so 
effectually performed, that the weather seems scarcely to affect 
them, either on the sea-board or in the interior. eir chief 
recommendation is, however, the thorough ventilation afforded 
by them in all buildings. Should at any time corrugated iron 
buildings, with roofs of similar material, become largely intro- 
duced within the tropics, it will, it is believed, be found desirable 
to cover these with native tiles, both for the protection of the 
roof, and for keeping cool the interior of the building, unless a 
double roof is used, 3 inches or 4 inches apart. 

In Brazil, rafters are selected from the young trees of the 
forest, from 3 inches to 4 inches in diameter, and from 20 feet to 
30 feet long ; and when of proper quality of timber, these rafters 
answer their purpose very Pel ai are of considerable duration. 

Laths ате 1n nearly all cases made from the sap-wood of one 
of the hardest and most durable timbers in Bras], * Imberiba.' 
À chisel, or axe, is introduced into the end of the stick of timber, 
about #3 of an inch from tho outer edge: very little force 
splits it in the direction of its length, allowing the fingers and 
hand to be introduced, and the lath is reft off, retaining an 
uniform thickness, with a breadth of from 2 inches to 24 inches. 

Permanent-way keys, cut from native timber, have, since the 
opening of the Pernambuco Railway in 1858, been used for 
renewals, and with success. Тһе timber, being of а remarkably 
close nature, has not shrunk after use, as the imported keys are 
liable to do. With keys, as with sleepers, there is not the least 
necessity for creosote. In fact, with some keys kept constantly 
іп creosote for three months, when sawn through the centre, the 
oil only appeared a little below the surface. 

ils are found to oxidise considerably when left near the sea- 
coast. It will therefore be advisable, in the construction of a 
line, to remove them into the interior, as soon as it is convenient 
to do so. When in use, in whatever locality, the motion of the 
trains appears to prevent any considerable amount of rust from 
forming. There is, however, a matter for serious consideration, 
as regards permanent-way rails in the tropics; and that is their 
tendency to flatten, or laminate, after being subject to the wear 
and tear of the engines and trains for a short time. This is no 
doubt owing to the high temperature during the greater part of 
the day, and the constant passage of the trains when in that 
state. The remedy appears to be, the substitution of steel, or 
steel-faced rails, and engines as light as the traffic of the line 
will alow. Whilst on the subject of engines, it may be as well 
to mention the rapid wear of the wheel tires in the tropics, par- 
ticularly on lines like the Pernambuco, with. numerous curves. 
Where it has been found necessary to adopt steel tires, in ad- 
dition to an arrangement for keeping the leading wheels wet 
when going round curves, there is a small pipe from each pump 
to the front upper side of the leading wheels, made so as to open 
and close at pleasure from the foot-plate. Although this arrange- 
ment answers exceedingly well, in saving the flanges of the wheel 
tires, as well as in causing the engine to work round any curve 
much easier, still this can only be looked upon as a desirable 
expedient in existing engines. The bogle should be used with 
all engines made for tropical climates, wherc the rails are so 
constantly hot and ; e saving in the rails, as well as in 
the wheel tires, would be considerable, and there would be 
greater HT in working, as it is found that the dryness tends 
to make the leading wheel-flanges grip, and, when & bad joint 
occurs, mount the rail. 

Chairs and spikes do not require any special notice, as, with 
the exception of the former not being so liable to breakage, 
owing to the absence of frost, these need not, іп any way, differ 
from those used in England. 

About 10 miles of the Pernambuco Railway are laid with 
Greave's ‘pot’ sleepers, as to the durability of which in the 
tropics there is no question, though found to be too rigid even 
in fine sand ballast. Had these sleepers been used on the deep 
banks when first formed, the usual subsidence during the rains 
would have caused considerable breakage, and in any case much 
inore ballast would have been required than generally falls to 
the share of railways abroad when first opened. А portion of 
the 10 miles actually laid has, however, been considerably im- 
proved, by introducing the ordinary fish plates, with four bolts, 
and suspending the joints. The easiest method of doing this is 
by cutting away about 15 inches of the first lengths of rails, 
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knocking out all the keys, and then drawing the rails in 
succession 15 inches back, by which the joints are brought into 
the centre betwixt the joint and the next intermediate sleeper, 
the ‘pots’ remaining undisturbed. The fish plates are then put 
on. The 15-inch pieces are always kept at hand to be introduced 
to allow for the passage of the trains. This work was done by 
the piece, and cost 1d. per pair of joints. 

The iages of the Pernambuco Railway are made with a 
strong байлы iron under frame. The y is of teak, the 
inside lining is also of this material; the outside panels are of 
‘papier mAché.’ After six years’ hard work and exposure to 
sun and rain, these carriages are in excellent Ро Тһе 
material employed for the outside panels roved in the 
highest degree suitable for the tropics, and probably be 
generally adopted when its good properties are known. But 
whether ‘ papier m&ché' or timber is used, the panels should be 
well pained: and varnished, or the sun will not fail to destroy 
them. The first carriages sent out to Bombay for the Great 
Indian Peninsula Railway, with panels of varnished teak, split 
after being exposed to the sun for а short time, whereas in the 
‘papier máché' panels on the Pernambuco Railway, there is 
not a crack in any of them after six years’ wear and exposure. 

The railway wagons for the Pernambuco Railway were con- 
structed in Brazil, the iron work having been sent from England ; 
the under frames are made of native timber, and the body of 
white or yellow pine. The great heat of the sun is found to dry 
up and cause the sides, and particularly the roofs, of these 
wagons to become leakey. Zinc has therefore been used as во 
outer covering for the roofs, and will no doubt answer. For the 
tropics, the most serviceable covered goods wagon will be found 
to be one constructed with an iron underframe and a light gal- 
vanised iron body. 

In conclusion, there is no doubt that the subject of the Deca: 
of Materials in Tropical Climates, and its prevention, is but li 
known, though deserving of being thoroughly investigated. It із 
hardly to be expected, that any one individual will be found to 
possess the information necessary to treat upon this subject 
with reference to all спорен countries; but it is to be hoped 
that some Member will take the trouble to compile the results 
obtainable from all reliable sources, and produce a work which 
will not fail to be acceptable to all who take any interest in 
these countries, and particularly India. 


APPENDIX. 


А. 


List of Brazilian Timbers suitable for and now being used as sleepers on 
the Parnambuoo Railway :—Sicupira; Oiticica; Almesca Brava; Gara- 
roba; Gulandin; Pao Santo; Angelim Amargozo; Sapucaia de Pilao ; 
Amarello Vinhatico; Macaranduba Preta. Tho present price of the 
above, for sleepers, 10 in6hes by 5 inches, by 9 feet, delivered at stations 
on the line, is 2s. 7d. each. 


List of Brazilian Timbers suitable for general purpeses in permanent 
structure :—Sioupira Assi; Sioupira Meirim or Verdadeiro; Sicupira 
Acari; Oiticica; Gararoba; Рао Santo; Sapucaia de Pilao; Sapucarana ; 
Massaranduba; Imberiba; Раб Ferro; Раб 4’Агсо; Barabu. These 
cost 18. per cubic foot, and are of great durability, and resist the white 
and excepting in the sapwood. 

The following are as durable as the foregoing, and resist the white 
and even in the sapwood on account of their bitterness:—Angelim 
Amargozo; Araroba; Pitia (Gararoba) and Pitia (Marfin), These also 
cost 18. per cubic foot. Сосӣо, Bordüo de Velba and Arueira do Sertao, 
are very durable, and resist the white ant; but are not te be found of 
any great dimensions. These likewise cost 1s. per cubic foot, as do 
Parahiba and Cedro, which are very suitable for boarding, their strong 
smell and their great bitternes repelling the white ant. The price of 
Louro Cheiroso and Louro Ti is the seme. These аге of a porous дев- 
етірбоп, fit for doors and shutters. The Cheiroso repels the white ant, 
owing to its smell; the heart of the Ti is very strong and догаще, 
resisting the white ant. For Amarello Vinhatico and АтагеНо Verda- 
deiro, the coat is 18. 114. per foot. They аге of great durability, and are 
extensively used in cabinet work. 
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с. 
Table of Specific Gravities of Brazilian Timber for Shipbuilding. 


Мате. Tbs. рег cubic Uses. 
loot. 
Louro . " n 87 Yards, masts, 60. 
Jequitiba . © à 44 Do. Do. 
Amarello А 46 Planks for above and below water. 
Putumugu. . . 48 Do. Do. Do. 
Pao d Oleo (Yermelho) 68 Yards, mast, &o. 
Olandim . Se 7% 57 Bowsprita, topmasts, gun wales,&o. 
Sioupira Meirim. . 69 Useful for every part of a vessel, 
Pao Roxo . Е $ 63 Keels, sternposts, p e 
Рао Ф Areo . г 66 Ро. Бо. о. 
Peguim Б я . 64 Deck beama, бс. 
Sapucaia . я a 73 Keels, ribs, Ес, 
Jetahy (Amarello . 66 Gunwales, Ко. 
Massaranduba . А 68 Beams, posts, &0. 
—————- 


PARIS UNIVERSAL EXHIBITION, 1867. 


Tux works in the Champ de Mars are proceeding with great 
rapidity ; the whole of the framework of the iron portions of 
the building may now be said to be completed, and the outer 
circle which masks all within, the grand nef, ав it is called, and 
which is to form the machinery and processes court, including 
in the latter manual as well as mechanical labour, presents a 
very bold and commanding appearance. There is little or no 
ornamentation connected with this exterior circle, or rather 
zone of the building, but its huge sides of plate iron, eighty 
feet high (walls there are scarcely any apparent), look light and 
elegant, in consequence of the clerestory, or range of windows, 
in е compartments, with arched tops, which occupy all the 
upper portion between the great pillars of the inner as well as 
the outer side. This grand mf is nearly а mile round, more 
than a hundred feet in width, and cighty in height, and will 
certainly form one of the noblest exhibition galleries ever con- 
stru ; the roof Deing рар еер and the light coming in 
from the upper part of both sides, give this noble court an 
importance, as regards appearance, which a glass roof would be 
far from producing; there is plenty of light, without the cold 
or hot glare of a glazed covering. Тһе clerestory, as already 
stated, occupies the whole of the upper portion of the sides; 
the corresponding spaces below are filled in with brick and 
plaster work, and in front is the alimentary court, in which all 
the cafés, restaurants, and other places of refreshment are to be 


; beyond this again is a jutting roof, forming a covered | 


promenade, twenty feet wide, open to the park all round this 
outer circle of the exhibition. e grand nave is being rapidly 
eovered in, and a large number of the window frames, the only 
portions of the zone whieh are in cast-iron, are in their places ; 
when viewed from the park, beyond the gigantic proportions of 
this great court, its curved tudine, and d fan-like appearance 
of the marquise, or verandah, produce an admirable effect, and 
show how much may be done without any extraneous ornament, 
by the mere жарын of simple elements, when good proportions 
are maintained throughout. The Commission has wisely de- 
termined not to mar the symmetry of this outer face of the 
building by any attempt at architectural effect in the way of 
porticos; there will probably be an entrance to the park of 
ап ornamental character on the side of the quay, and opposite 
the main door of the building, and there will be many elegant 
structures in the grounds themselves, but these will all be at a 
sufficient distance from the building itself not to produce an un- 
pleasant contrast with its bold, simple features. у 
Тһе іппег zone of the building, divided into two courts, a wide 
one for the Fine Arts, and one of smaller dimensions for the 
и museum, ог gallery of the Histvire de Travail, 
is, as before been stated in the Journal, formed of solid 
stone walls, with partly glazed roofs. The whole of the mason 
has been finished for some time, many of the sections into which 
these two courts are divided are roofed in, and some have the 
сав in its place апа Ше walls plastered. The salles of the 
e Art gallery, which sony the straight sides of the building, 
are noble rooms, admirably lighted, but those which occupy the 
circular ends, and which form by far the largest portion of the 
whole, will give, we hear, great dissatisfaction, the walls Pre- 
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senting curves of small radius, the light falling in the most per- 
plexing manner. In this inner zone of the building the curved 

Between the great outer portion and the 
inner żone which we have just described, are the intermediate 
galleries, to be devoted to raw materials, furniture, clothing, 
ornaments, hardware, and all the remaining classes of the cata- 
logue ; the light cast-iron columns and partially glazed roofs 
here present avery pleasing effect, and the curvature of this 
portion, from its larger radius and the absence of division walls, 
improves its appearance, These intermediate courts are the 
most advanced of all; the roofs are being glazed, the louvre 
boards are in place, and in a few weeks they promise to be 
ready for the exhibitors. 

The central garden, like the exterior of the building, will have 
an iron marguise, or vorandah, all around it, but in а different 
style. This is nearly finished, and consists of a light and elegant 
cast-iron facia, supported by slender columns, whose plinths 
rest on steps raised above the garden level. 

A large number of buildings are rising up in the park. In 
the first place there is a very large plain building, of three stories, 
on one side, communicating with the park as well as with the 
road without; this is to be devoted to the use of the juries, and 
probably in part to that of the Imperial Commissioners also. 

his building has been covered in for some time and will shortly 
be entirely finished. At the opposite end of the park near the 
Quay d'Orsay, is another large building, not so far advanced, 
hich is for the purpose of a club, to include all the ordinary 
features of such an establishment as far as they may be ге- 
quired for its temporary purpose, and also a jarge exchange or 
hall, for the use of exhibitors and those with whom they have 
business to transact. In another part, again, is a s eccle- 
siastical edifice, of which the roof is now nearly completed, and 
which is intended for the exhibition of all kinds of church 
furniture and decoration, interior as well as exterior. With 
this view the model church is provided with a transept, an apsis, 
a number of small chapels, and a profusion of windows. The 
admirable idea of thus forming a court in which all objects of 
ecclesiastical use or decoration may be exhibited in an appro- 
рим setting is said to have originated with М. Leveque, а well 
own artist in stained glass, of Beauvais, who, with the 
sanction of the Imperial Commission and the aid of exhibitors 
and others, has raised this model Gothic church, which covers a 
thousand square yards of ground, and, which, no doubt will 
listen next spring in all the splendour and with all the taste 
ог which French artists, decorators, church jewellers, and 
others are so conspicuous. It is an excellent idea, likely to be 
well carried out. 

Amongst the auxiliary buildings, erected or in course of 
erection, is a water tower for the supply of the building, steam 
engines, cascades and fountains, and two engine houses, pretty 
constructions in brick, with ornamental tiled roofs. 

A kiosque is also being constructed, by order of the Sultan, 
who, it is said, will visit the Exhibition. 

Another пише is to be raised by order of the Viceroy of 
Egypt, to contain a large number of copies of the most celebrated 
Monuments of that country, besides other objects of art and 
curiosity. 

In one corner of the park considerable works are going on for 
the formation of the horticultural and piscicultura exhibition 
which will form a large garden, with cascades and aquariums 
on в large scale. 

Outside the precincts of the Exhibition, the railway station of 
theline which will lead direct to all parts of Paris as well as, 
bring into communication all the lines starting from the city, 
is nearly completed, and the тах works іп connection with it 
are under hand; Ше bridge over the opening made in the Quai 
d'Orsay, which will afford a direct entrance to the park from 
the landing place on the bank of the river is constructed, and 
the ornamental portions are now being completed ; and lastly, 
the large space of ground in the Isle St. Germain, intended for 
agricultural experiments and other subsidiary purposes, is 
levelled and arranged. This ground is about a mile distant 
trom the Exhibition. 

Amongst the features talked of, but whether decided upon we 
are not informed, is the formation of a terraée on the top of the 

rand nef of the building, with ascent and descent by means of 
draulic lifts, from which а bird’s eye view may be obtained of 
the park and the surrounding country. · 


304 THE CIVIL ENGINEER AND ARCHITECT’S JOURNAL. РИЕТИ 


The publication of the catalogue has been ceded to M. Denta, 
the well-known bookseller of the Palais Royal, for the sum of 
£20,320; the catalogue is to consist of twelve parts, the first to 
contain the plans, tables, and documents relating to the exhi- 
bition; the second is to be devoted to the history of labour, or 
retrospective museum; and the remaining Ди to the ten 
great Groves into which the general contents of the exhibition is 
to be divided. The entire work is to be sold for five francs, and 
the separate parts at half-a-franc each. 

The lists of intending exhibitors in many of the classes are 
now complete, and some idea may be formed of the show which 
will be made on the French side of the Exhibition. Classes 14 
and 16 unifed, artistic furniture, upholstery, and decoration, 
numbers 220 exhibitors; class 17, porcelain, tafences, and other 
artistic pottery, 96 exhibitors; class 18, carpets, tapestry, and 
other tissues Tor furnishing purposes, 62 exhibitors ; class 21, 
goldsmiths’ work, 30 exhibitors. class 22, bronzes, fine iron 
castings, and repoussé work, 101 exhibitors; class 26, objects in 
fine leather and basket-work, and other small wares, 90 exhibi- 
tors; class 27, cotton fabrics and threads, 241 exhibitors; class 
32, shawls, 28 exhibitors; class 34, hosiery, linen, and small 
articles of dress, 170 exhibitors; class 35, clothing, 215 exhibi- 
tors; class 36, jewellery and other ornaments, 163 exhibitors ; 
flass 39, toys and other small wares (bimbeloteric), 16 exhibitors ; 
and class 46, leather, skins, and furs, 84 exhibitors; class 59, 
prime movers, generators, and machinery specially adapted to 
the purposes о the exhibition, 12 exhibitors; class 54, tool- 
making machines, 111 exhibitors; class 58, materials for and 
processes connected with furnishing and fitting, 41 exhibitors ; 
class 69, paper making, dycing, and printing of fabrics and 
tissues, 80 exhibitors ; class 60, machines, instruments, and pro- 
cesses of ordinary trades, 52 exhibitors ; and class 62, saddle 
and harness, 41 exhibitors. The classification differs so much 
from that of the former Universal Exhibition held in Paris, that 
of 1856, that it is impossible to make a comparison of the num- 
bers ; in the former there were only 27 classes, not including 
the fine arts; in the latter there are 96 classes, or, excluding 
the fine arts, 91. If we take the twenty classes of which the 
number of exhibitors are given above, asa fifth of the whole, 
we shall arrive at nine or ten thousand, which is little short of 
the total of 1855, which was 10,950, without Algeria and the 
colonies; there is no doubt, however, that the exhibition will 
be far in advance of its predecessor; and if, as is understood, 
the admission jurics have, in accordance with the principles laid 
down by the Imperial Commission, set up a much higher standard 
of admission than formerly, a diminution of the number of ex- 
hibitors will be an immense advantage in every respect. It may 
be taken for granted that there will be no space to spare on the 
French side of the exhibition, and that the quality will be in 
keeping with the quantity. In looking over the lists many im- 
portant names are not missing, and certainly the trades for 
which Paris and its neighhourhood are celebrated will be well 
represented. The same remark applics to those great industries 
such as the cotton and hosiery trades; and there is no doubt 
that, whatever may be the number of exhibitors, the productions 
will show not only a considerable advance since 1855, but even 
since 1862. Since the preceding was written the list of admitted 
exhibitors in the class of manufacturing machinery has been in- 
spected, and it appears that they amount to very nearly four 
hundred, and inelude the first firms in the empire. 

The Imperial Commission attaches great importance to the 
tenth and last group in the classification adopted, namely, that 
which has for its object the improvement of the physical and 
moral condition of the population. ‘The group is divided into 
seven classes, devoted to:—Matcrials and methods of infant 
education ; books and materials for adult edueation; furniture, 
clothing, and food, distinguished by utility combined with cheap- 
ness; popular costumes of various countries; specimens of 
cheap, convenient. and healthy houses ; productions of all kinds, 
manufactured by working men, having their own shop, and only 
assisted by their own family or one apprentice; and tools and 
methods employed by these little masters ; forming together a 
complete economical exhibition. 

As regards the products of master workmen, the Imperial 
Commission desires to see represented an important phase in the 
life of working men—that in which а man has arrived by his 
talent to the position of small master, and may hope at some 
future day to be at the head of a large establishment. 


The class will include all kinds of productions, the only ge- 
neral characteristic being the conditions of their productions. 
Working men in visiting exhibitions have often seen the admira- 
tion of the publie excited by the productions of their own hands. 
but which bore no trace of their name, and regretted that they 
could not exhibit objects conceived and executed at their own 
homes,; or, rather, perhaps, it should be said, that special 
facilities were not afforded them for that purpose; the Com- 
mission has therefore created a class in which every object shall 
be the production of an artizan, with or without the aid of his 
family and an apprentice, either for regular trade or sale. 

In other classes ofthe exhibition the articles will be showed 
under the name of the manufacturer who has arranged for their 
production and assured their execution, but in the class under 
notice every article will reveal the hand of the actual producer. 

Many small masters, who work at home for manufacturers, 
have feared to give offence to their employers by exhibiting on 
their own aecount, but the new classes introduced into the 
programme of the coming exhibition have been sanctioned b 
the manufacturers who take part in the management, so thatit 
is hoped all jealousy will be done away with ; and the object in 
view has been made known by various means of publicity in all 
parts of the empire, and реу committees have been formed 
in the Departments, as well as in the capital, to carry out the 

roject. 

he productions in question are to be submitted to five com- 
mittees of admission, and the whole of the articles accepted for 
exhibition will be exhibited previously, and privately, in the 
Palais de l'Industrie in the Champs Elysées, the Imperial 
Comniission bearing the expense of their display in the pre- 
DANH. exhibition, but the exhibitors paying or their own 
ittings in the Universal Exhibition itself. In order to make 
place for this preliminary exhibition, and for other operations 
connected with the exhibition, the collection of Algerian and 
colonial products, and all the fittings used for the exhibition of 
cattle, are now being removed from the building in the Champs 
Elysées. The Offices of the Imperial Commission are at present 
in this building, and some departments will be retained there 
during the whole time of the exhibition, and this, with what we 
have stated above, shows how valuable it is to have such an 
edifice always ready for exhibitions of moderate extent, ог for 
the preliminary and supplemental service of a great exhibition 
like that of the coming year. It should be mentioned, too, 
that in order to assist working exhibitors as much as possible, 
it is arranged that, in ease of large articles, a deputation from 
the committees of admission will examine them in tho workshop 
of the producer. 

The works of fine art intended for the exhibition of 1867, 
limited to such as have been produced since 1855, are also to be 
colleeted in the Champs Elysées building, by or before the 15th 
of October ; the jury of admission will commence its examination 
on the 10th of November, and announce its decisions by the end 
of the усаг. Great dissatisfaction has been caused by the very 
earl dates fixed for this examination, as the works received for 
exhibition will thus be lost totheir owners for twelve months, 
andit is feared that these regulations will have a damaging 
effect on the art portion of the exhibition ; certainly tive months 
seems a long period for selection and arrangement. 

As regards foreign countries, much of the anxiety that was 
felt a short time since has passed away. It is certainly to be 
feared that the manufacturers of Bohemia, Moravia, aud other 
countries, will not make such a show ав they would have done 
had not the war interfered with all their operations, but both 
Austria and Prussia have supplied the Imperial Commissious 
with the plans of their space and the list of their exhibitors. 

As regards Spain, the government has formally announced Ца 
intention to ide part in the exhibition, and has supplied its 
plan and а list of exhibitors, and intends to erect in the park 
some structures of considerable extent and importance. he 
Spanish Commission has issued pressing circulars to the local 
representatives on the subject. ` . 

The war in Italy will probably have an unfortunate effec 
her manufacturers, but the Italian Commission has furnisheu € 
the designed for Ше facade of its portion of the building, and ің 
about to commence its constructions in the park. 

Switzerland is expected to be very well represented. Таң 
section will be charaeteristically decorated with a façade іп 
ornamental work, composed of pine wood, and bearing the 
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escutcheons of the twenty-two cantons. She will have, amongst 
other things, curious archsological and ethnographical collec- 
tions, and а comple te series of the picturesque costumes of the 
country. 

Egypt wil present a very remarkable exhibition ; a quad- 
Неа Би building, with a colonnade all round, about 85 feet long 
b broad, is being raised in the park, and will contain some 
кі the most curious objects of art and antiquity in the country. 
This building will be a reproduction of the lemaic temple 
dedicated to Hothor, with the greatest possible exactitude in all 
the details, and the execution of it has been entrusted to the 
learned Mariette Bey. Amongst the most interesting monu- 
ments and representations to be exhibited are—Ceremony of 
offerings to the gods, by Ptolemy ; an authentic likeness of the 
famous Cleopatra, found by Мепейе Bey last winter in a cavern 
at Denderah; bas-reliefs of various dicrafts, classed ac- 
cording to date; artistic representations of the epoch of the 
pyramids ; the bas-reliefs from the tomb of Phtah hotép (Saq- 

) representing the deceased surrounded by his people, 
unting scenes, combats of lions and buffaloes, fétes and 
dances; bas-reliefs from the tomb of Ti, with scenes of rural 
life and labour ; representation of various trades and arts, the 
navigation of the Nile, and other subjects, under the various 
dynasties ; reproductions of the famous bas-reliefs and paintings 
Я, the Temple of Abydos, with a number of original statues and 
works of art, coffers and other objects. In addition to this large 
building, there will be two others illustrative of modern Egyptian 
life—one representing the habitation of a fellah of Upper t, 
with a в establishment for artificial hatching, a stable of 
dromedaries armed and caparisoned for war, and other animals, 
and an ethnographical collection; the other a horeshoe-shaped 
kiosk, in the purest Arab style, surrounded with plants and 
flowers of the country. 

Outside of the kiosk native Е 
the trades of the present day. 
be a divan for the Viceroy of Egypt, who is expected to visit 
the exhibition, and an Oriental café, furnished with all its 
accessories. In the court will be a large plan, in relief, of the 
whole of Egypt, executed by order of the Viceroy, and under 
the direction of Colonel Mircher, the chief of the French mission 
in Egypt, and in the centre a fountain, composed of the alabaster 
of the country. 

It will not be out of place to conclude this notice of the 
coming exhibition with the results of an inquiry into the sanitary 
conditon of the mass of workmen em уе е8 the works on 
the Champ de Mars. It appears that there has been no great 
agglomeration of population in the neighbourhood. Down to 
the 1st of April the number of persons employed did not exceed 
800, but since that period it has increased to 1,477. Of these 
'472 live in distant quarters of the town, 300 belong to the estab- 
lishment of Mar, Cail and Co., and make part of the resident 
population of the quarter in which the works are situated, and 
that of the whole number only 438 form an addition to the 
neighbourhood. The lodgings of these last, have been frequently 
visited, and found to be ina satisfactory condition as regards 
health; and as the greater portions of these men are masons, 
whose work is finished, 300 of them have already been discharged. 
The result is, that the accumulation of this large number of men 
on one spot has not given rise to any notable change in the 
condition of the quarter. This enlightened watchfulness for the 
well-being of the labouring classes reflects great credit on the 
authorities, and offers a valuable hint to those other places 
where large undertakings interfere with the temporary or 
permanent condition of the district.—Journal of the Society of 
Aris. 


tians will be seen ratune 
the interior of the kiosk wi 


ROUTES OF COMMUNICATION WITH INDIA. 
By Сартлін Н. W. Тугев, В.Е. 


Tux development of science and of steam-power has already 
done much to improve the communication between this eae 
and India. The e of Wellington, when he was first ordere 
with the 33rd Regiment to the East Indies, being unable to pro- 
ceed with them from ill-health, followed thom in a fast sailing 
frigate, and overtook them at the Cape of Good Hope, and then 
went оп with them to India. Again, on his return from India, he 
embarked at Madras in the year 1805 for England, and waa five 
months on the voyage, one month of which he spent at what he 
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called “the beautiful and salubrious island of St. Helena,” 
destined afterwards to be the prison and the burial-place of his 
great rival. He almost lived long enough to see troops sent 
out in as many weeks by what is called the Overland route to 
quell the great mutiny in India. 

But this route from England to India is not only a way for 
the thirty millions of the United Kingdom, and the two hundred 
millions of India, to pass from one to the other, but it is a high- 
‘way between Europe and Asia—between all the nations of 
Europe, except perhaps Russia, and all the countries of Asia. 
And whatever amount of traffic may exist upon that highway at 
present, there can be no doubt that as greater facilities of com- 
munication are afforded, an increase will occur which at the 
present time we can hardly contemplate. 

It ia my task now to show how those facilities can be afforded. 
In the first place, I will quote a few statistics. The figures 
have been taken out by Mr. H. R. Lack, of the Board of Trade, 
from Board of Trade Returns, and are a summary of imports 
and exports between the United Kingdom and France, on the 
one hand, and India, Ceylon, Singapore, China, and Japan, on 
the other. 

In the year 1860 the value of the total imports from India to 
the United Kingdom was £15,000,000; but it rose in 1864 to 
£52,000,000. In 1860 the exports were £17,000,000; in 1864, 
£20,000,000. The former wero carried in 527,000 tons of shipping 
in 1860, as against 731,000 tons in 1864. From Ceylon our 
dmports increased from £2,274,000 in 1860 to £3,173,000 in 1864, 
while the exports to Ceylon from the United Kingdom increased 
from £711,000 in 1860 to £822,000 in 1864. m Singapore 
and the Eastern Strait settlements the imports have increased 
from £1,000,000 in 1860 to £2,000,000 in 1864; while the 
exports to those settlements decreased from £1,718,000 in 
1880 to £1,230,000 in 1864. The imports into the United 
Kingdom from China increased from #9,323,000 іп 1860 to 
£15,548,000 in 1864; but the exports decreased from £5,000,000 
in 1860 to nearly £5,000,000 in 1864. There was very little 
trafic from Japan in 1860, the imports from that country 
amounting to only £127,000; but they rose to £1,500,000 
in 1864. The imports from Egypt ve nearly doubled 
themselves, having increased from £10,347,000 in 1860 up to 
£19,602,000 in 1864. The increase of imports from the East and 
from Egypt during those years has been owing, in a great 
measure, to the importation of raw cotton, in consequence of the 
American War, while the decrease above referred to, occurred 
from diminished manufacture of cotton goods. To give an idea 
of the trade of France with those regions, I may state that the 
imports into Franco from the British East Indies rose from 
57,000,0004. in 1860, to 117,000,000f. іп 1864; while the exports 
from France to the British East Indies fell from 10,000,000f. 
in 1860 to 9,000,000f. in 1864. Тһе imports into France from 
China rose from 2,800,000f. in 1860 to 21,000,000f. in 1864 ; while 
those from Egypt rose from 23,000,000f. in 1860 to 101,000,000f. 
in 1864. 

The principal, or almost the only, articles brought from India, 
and through гурь, by the overland route, up to the end of 1864, 
were precious stones, bullion, raw silk, and silk goods; the raw 
-silk being worth about £2,240 а ton, and elephant's teeth about 
£600 per ton. But great quantities of raw cotton have since 
been carried, along that route, and it cannot be doubted that 
both the number of articles and the quantity transported will, 
as already stated, very much increase as greater facilities for 
communication are afforded. 

All this merchandize, between the East and the West is car- 
ried by two main routes—the nine-thousand-mile route round 
the Cape of Good Hope, and the six-thousand-mile route by the 
Mediterranean, a large proportion of that by the shorter route, 
being conveyed in the vessels of the celebrated Peninsular and 
Oriental Company. To show the magnitude of the operations 
of that company, which has been established fora quarter of a 
century, I may remark that it has a total capital of £3,248,000, 
with & surplus, which is its Heserve Fund, of £458,000. 
The gross receipts for the twelve months ending the 30th 
Бай шев, 1865, amounted to #2,138,000. Тһе insurance, wear 
and tear, and depreciation, for the same period, amounted, in 
round numbers, to £1,976,000 leaving a net profit of £159,000 ; 
and the chairman stated at the last half-yearly meeting of the 
Company, that which gives a very notion of the extent of 
their operations, viz., that the rise in the price of food had affected 
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them very materially, because they had по less than “ ten 
thousand stomachs to fill every day." The navigation of the 
Company for the twelve months extended over 1,500,000 miles, 
and they possess altogether a magnificent fleet of 63 vessels, 
with a Customs’ measurement of 92,353 tons, and 18,270 horse- 
power. Some idca also may be formed о the increase of traffic 
which we may expect from Eastern countries if I state what is 
now occurring on the railways in India. There are as yet in 
India less than 3,500 miles of railway. The two principal lines 
are the East Indian Railway, running from Calcutta to Delhi, 
with a branch under construction to Jubbulpore ; and the Great 
Indian Peninsula Railway running from Bombay to Jubbulpore 
in tho north-east and from Bombay to Madras in the south-east. 
Of the East Indian Railway, from Calcutta to Delhi, which has 
cost about £20,000 a mile, 1,200 miles are completed, and the 
traffic has reached from £38,000 to £40,000 a-weck. The Great 
Indian Peninsula Railway from Bombay to Jubbulpore and 
Madras has only been half completed, about 624 miles being open 
for traffic; but that line is being constructed at the lower figure 
of £13,000 a-mile, while the weekly traffic upon it has amounted 
to as much as, and in one case has even exceeded, that on the 
East Indian Railway. In fact, the traffic on the Great Indian 
Peninsula Railway has nearly trebled itself as between some of 
the first few weeks of last year and the corresponding weeks of 
this year ; and if the receipts ga on at the present rate, it promises 
to be not only one of the best paying railways in India, but one 
of the best paying railways in the world. 


When this line is completed to Jubbulpore on the north-east, 


and to the Madras Railway in the south-east, and when the 
East-Indian portion is completed to Jubbulpore also, there will 
be complete railway communication between Pombar and Cal- 
cutta and between Bombay and Madras, and these lines being 
main routes, Bombay will necessarily become the port of India. 
In dealing with my subject, therefore, I shall consider the two 
ends of my grand route as being England and Bombay. That 
route naturally divides itself into two parts, the опе part being 
from England to the cast of the Mediterranean, aud the other 
part from the east of the Mediterranean to Bombay. 

Of the different routes between England and the east of the 
Mediterranean, the first which claims our attention is that by 
sea from Southampton to Alexandria, which is 3,090 miles long, 
and which occupies about thirteen or fourteen days. There can 
of course be no shorter sea passage than this to Egypt. The 
only question is, whether the ports of Plymouth or Falmouth 
might not be used with advantage instead of Southampton. 
There ато strong opinions іп the minds of many upon that 
point. Another question to which I shall have hereafter to refer, 
is that of the Suez Canal. When the Isthmus of Suez is once 
cut through by a navigable shi eanal, there can be no doubt 
that it will complete an excellent sca-route between Bombay 
and England, by which merchandise may be carried in steamers 
without transhipment, and with a saving, as compared with tho 
route round the Cape, of 3,000 miles. 

The next route 1з that by Marseilles. The distance from 
London to Marseilles is 853 English miles, and from Marseilles 
to Alexandria 1,460 nautical miles, in all about seven days and 
184 hours. Whatever route we take we can hardly take one 
which has a much shorter mileage, though we might take one, 
as І shall presently point out, which will be more advantageous 
in point of time. 

Phe first question on that route is how we can get over, or 
under, the straits of Dover. One seheme has been brought 
forward, even this year, for a tunnel under the Channel—from 
Dungeness to Cape Grisnez. Extravagant as the idea may now 
appear, I have no doubt that a tunnel will some day be carried 
out. There are eminent engineers now working upon it. It is 
believed that the whole of the ground under the sea is composed, 
if not of chalk, of materials, at all events, which will not be 
anything like so tedious or so expensive to bore through, as the 
tunnel which is now being constructed through the Alps, though 
the length is 20 miles against 74, and there might be difficulties 
as to water, which in the Alps have not hitherto been encountered. 
Another scheme was brought forward this year, of employing 
very large boats for crossing the channel, Tho trains were to 
run from the pier to those boats, and to be ferried across in в 
complete state. I applaud the idea of larger boats than we have 
at present, for having made the passage frequently in rough 
weather, I can speak from experience as to the disagreeables of 
it; but if I am to have a big boat at all, I should prefer to walk 
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about it, rather than to sit in a railway carriage during the 
penge At the same time these larga biete may be very 
useful, in transporting waggon-loads of merchandise for saving 
Ры ment. 

n this route occurs, also, the very dis able pass: 
across the Gulf of Lyons, between Marseilles and Malta? ind 
is now proposed to avoid that passage by the route viá Brindisi 
or some other Italian port. Three years ago the Government 
of Italy entered into a convention for the employment of steamers 
from Áncona * viá Brindisi to Alexandria; in May last the rail- 
way was opened to Brindisi; and Brindisi has thus become the 
nearest accessible port to Egypt. If you look at the map, you 
will see that 638 nautical (or 734 English) miles of sea may thus 
be saved, by substituting for it 651 miles additional of land- 
journey ; and, inasmuch as we may travel more than twice as 
fast by railway as by steamer, it is obvious that an important 
saving of time may thus be effected. But it is as yet undecided 
whether Brindisi, which is out of the line of steamers from 
Marseilles to Egypt, would be upon the whole the most con- 
venient port from which to embark, and there is а break in this 
journey at present, where the Alps lie across the railway. The 
diligence takes in summer eight or nine hours, and in winter 10% 
hours, when the weather is good, for crossing the Mont Сешв; 
but at times, during bad weather, the diligence is not able to go 
аб all, and at other times, as many present are no doubt aware, 
ihe journey is made in sledges. То obviate this delay in the 
means of communication between France and Italy, the * grand 
tunnel of the Alps” is now being constructed. This tunnel, 
which was commenced in 1857, is 73 miles long, of which dis- 
tance headings have been driven through less than 9% miles, 
while upwards of four miles remained at the latest accounts to be 
pierced. Тһе whole line from St. Michel, on this side, to Виза, 
on the other side, will be about forty-two miles long. It is from 
beginning to end a difficult line, in an engineering point of view. 
There are many other tunnels on it besides the ** Grand Tunnel," 
which it has not yet been thought worth while to commence. The 
gradients are as steep as lin 28 in places ; and even half through 
the “ Grand Tunnel " the gradients is 1 in 45}. The summit of 
this tunnel will be at an elevation of 4,500 fect above the 
sea, and the total cost of these 42 miles of railway will be 
£5,376,000. 

The excavation in tho tunnel is carried on by machinery, 
worked by means of compressed air. Outside the tunnel, and a 
short distance from it, there are half-a-dozen large water-wheels, 
by the action of which the air is compressed to a pressure of 
five atmospheres; and the compressed air being taken into the 
tunnel through a pipe, is used at the face of the excavation to 
work a most ingenious machine, which was originally contrived 
by Messrs. Sommellier, Grattis, and Grattoni, and which has 
now been working there for some years. ‘There are nine jumpers 
working against the rock, kept in motion each by two cylinders, 
the one cylinder causing the jnmper to twist round, and the 
other propelling it forward. They thus imitate the action of 
jumpers worked by hand, and bore holes ten, or twenty, or 
thirty inches deep, according to the nature of the rock. Then 
other holes are bored; and when a suflicient number have been 
made, the machine is run back 200 or 300 yards, and powder is 
inserted, tamped and exploded in the usual way. As soon as 
the explosion has есіте; the material is thrown into waggons, 
and run back as rapidly as possible ; and the machine is brought 
up again, and set to work as before. 

But there are some difficulties with regard to ventilation. 
About 200 yards behind the machine there 1s constantly а dense 
column of sinoke and the products of combustion ; and in walking 
into and out of the tunnel you find practical experience on this 

int by the way in which your clothes, face, and hair are 

lackened. It takes as much as two days to clear the tunnel 
out, and purify the air, when no work is going on. It did so, at 
least, when I was in the tunnel last spring. They were then 
progressing at the Modane end at the rate of as much as one 
mètre and a-half per дву; but since that time they have come, 
as was then expected, to very hard, solid, quartz rock, and they 
find great diffieulty in getting through that rock. Their 
gress pel has been at the rate of half а mètre a-day. ere 
18 believed to be about 500 mètres of this quartz rock, followed 
by compact limestone, which will, it is expeeted, be more easy 


* These steamers of the Adriatico-Orientale Company now run between Brindisi 
and Alexandria only.—H. W. T. 
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to deal with. Looking to the quantity and quality of rock to 

be bored through, and to the rate at which the work will 

robably progress, it may be estimated that this tunnel will not 
completed, perhaps, for six or seven years. 

In consequence of the time which it will take to complete 
this tunnel, the idea has been conceived of constructing a tem- 
porary railway over the top of the Mont Cenis. There is а 
very good road over the mountain, along which it is proposed to 
lay this railway. The total clevation oF the pass is 7,000 and of 
the mountain 11,000 feet. When Mr. Ее! went three or four 

ears ago to examine it, with the view of taking a railway over 
1t, he found it too steep for any ordinary railway worked in the 
usual way, and he was therefore obli eto adopt a new system, 
the principle of which I will now explain. In ordinary railway 
working we trust, as you are aware, to the adhesion between 
the vertical driving wheels of the engine and the bearing rails 
of the permanent way, as the means by which the steam-power 
is applied to propel a train. And in order to get extra ad- 
hesion to take heavy loads up steep gradients, we are obliged 
to increase the weights of our engines, and the number of their 
driving wheels, in proportion to what we require. But in 
mounting a gradient of 1 in 12, with bad adhesion, such as you 
аге liable to on the Mont Cenis, sometimes not more than one- 
tenth, or even one fifteenth, an engine, ever so heavy, would only 
be able to take itself up, with perhaps a very light train. Ко 
Mr. Fell has thrown off extra weight, and made an engi 
partly of steel ; and he has employed for extra adhesion, a central 
rail, Та in the centre between Ше other (wo, with horizontal 
wheels on the engine to bite upon it, and so pinch their way u 
the incline. His second engine weighs 17 tons, which, added 
to 24 tons of pressure between his horizontal wheels and middle 
rail, affords a total adhesion of 41 tons ; and it will do the work, 
therefore, on steep gradients and slippery rails, of an ordinary 
engine weighing 36 or 40 tons, without being killed—so to 
speak—by its own weight. 

Mr. Fell first tried this system,—which was patented so far 
back as 1830, but had never been reduced to practice,—at 
Whaleybridge, with the assistance of Mr. Brassey, in this 
country, and the experiments there were so successful, that he 
then constructed an experimental railway on the Mont Cenis, 
which has been worked now for many months with great success. 
About 20 minutes’ walk above Lanslebourg, where the ascent 
of the Mont Cenis commences, he has constructed a mile and a 
quarter of railway, on the zig-zags of the steepest part of the 
mountain. The steepest gradient on it, is 1 in 12, the average 
gradient 1 іп 13. The curves are very sharp, with a radius of 
only 40 métres, or 131 feet. round the corner of the zig-zag. 
On this experimental line, with his second engine, he has taken 
up a weight of 16 tons, which is equal to 50 passengers with 
their luggage, at the rate of 8 miles an hour; and there is no 
doubt he will be able to run without any difficulty for the 
48 miles whieh he has to traverse with his railway, in four 
hours ; whereas it takes twelve by the diligence in bad weather, 
and eight hours in the best of weather. 

There wil be nine miles and a half of covered way on the 
mountain, to avoid any risk from the action of snow and aval- 
anches, and that the traffic may be worked punctually and with 
safety in the worst of weather. One very important element 
in the system, із the greatly increased degree of safety that may 
be obtained. The ental rail, properly applied, will prevent 
the possibility of a train running off the lines and you may 
easily conceive that it is most important to have this extra 
means of safely round very sharp curves, and at the edges of 
precipices, on the slopes of the Mont Cenis. In fact, the engine 
wheels have on more than one occasion mounted the bearing 
Tails on the experimental line when the permanent way was not 
in Ran order; but the action of the middle rail was sufficient 
to bring them on to the rails again. In running down this 
railway at first, it feels—so to speak—rather like sliding down 
the roof of a house; but the breaks acting upon the middle 
rail afford a powerful means, in addition to the ordinary breaks, 
of stopping the train; and I have seen the experimental train, 
travelling at the speed proposed to be employed, brought to a 
stand within a dozen yards on the steepest part of the slope. 
| Another advantage of the system ін Из great economy. This 
summit railway will be constructed at a cost of only £8,000 
a-mile, in the place of £128,000 a-mile, which the tunnel line 
will cost; and it will be constructed in two years instead of— 
вау fourteen or fifteen years, which will probably have been 
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expended altogether before the tunnel line can be finished. But 
even if а permanent line were constructed over the mountain at 
а cost of £20,000 a-mile, or twice and a-half as much as this 
temporary line will cost, and if you add an extra amount to 
cover the working expenses, which will, of course be additional 
in carrying the traffic of the summit railway over а super- 
elevation of 2,500 feet above the highest point of the tunnel line 
if you eapitalise that extra cost of working at the rate of 6 per 
cent.—you will even then save as much as £4,000,000 out of the 
£5,376,000 which, as I have already stated, the tunnel line will 
cost. But the economy is still better shown in this way—that 
summit railways might be constructed over АП the Alpine 
asses—over the Mont Cenis, over the Simplon, over the Saint 
thard, and Luckmanier or the Splugen, for the same money 
as this onc tunnel line will cost. : 

Many other systems have been advocated for taking trains up 
steep inclines, amongst which I may mention the screw system 
of Signor Grassi. He proposed to place under his engine, con- 
nected with the crank-axle, an Archimedean screw, which was, 
as it twisted round, to work upon rollers fixed between the rails 
of the permanent way ; and the adhesion of the screw upon the 
rollers was intended to take the place of that between the wheels 
and the rails as the engine screwed itself up tho incline. I may 
mention also the pneumatie system, which has many advocates, 
both in England and on the Continent, who suppose it to be 
‘suited for very steep gradients. This system may probably be 
used with advantage for underground lines, of more moderate 
gradients, where you are obliged to have tunnels, but it is not so 
well adapted for very steep gradients on account of the loss of 
power, and therefore greater expense of working, under increased 
pressure. 

Then again, there is the system of Signor Agudio, which is in 
p favour with the Italians, and is Pane a system of ropes. 

e places а stationary engine at the top of his incline, and а 
second stationary engine at the bottom. Не has one double 
endless rope passing between them, which is continually worked, 
the ascending portion by the upper, the descending portion by 
the lower engine; and a second rope between the two portions 
of the endless rope, called the cable of adhesion, which 1s fixed 
atthe top and weighted at the bottom of the incline. He 
employs, also, a machine which he designates as the “ locomotive 
Juniculaire" at the head of his train. The endless rope works 
upon this “locomotive.” and turns certain wheels upon it, the rope 
running about two and a half times as fast as the “locomotive” 
gu with its train up the incline. The wheels turn certain 

rums upon the “locomotive,” which have two and a half turns 
round them from the cable of adhesion ; and by the rotation of 
these drums in the cable of adhesion, Ше“ locomotive " machine 
winds itself and draws its train up the incline. 

There would be serious diffieulties in the application of this 
system to very high mountain passes, in consequence of the 
difficulty of working them when the ropes are enveloped by 
snow and ice; and you have not the safety in such a rope 
system that may be derived from the central rail. Another 
important point is that under tho system of Signor Agudio and 
very sharp curves which are necessary on the railway over the 
Mount Cenis are impossible. 

Another route which we must now consider is the Trieste 
route. This is 260 miles shorter by sea, but 369 miles longer 
by land than the route by Май, and, therefore, it may 
be rather a quicker route. But now that railways have been 
constructed down to Brindisi, few people will be inclined to 
embark at Trieste or even at Ancona. 

Two other routes have been proposed which are, perhaps at 
present, hardly worth considering. The one is from Belgrade 
to Constantinople, which will be а difficult railway route to 
construct, and the other is by Avlona, opponit Brindisi, and 
so by land to Constantinople. Another difficulty about both 
of those routes at present is, that even when you reach Con- 
stantinople, you havo a very difficult country again to cross 
through Asia Minor; and it will probably be some time before 
railways are made through those countries. 

The route, then, by Italy is the quickest route which we have 
any immediate chance of” using. The railway over the Mont 
Cenis will probably be brought into use in the course of next 
year; and I may say that it is under the consideration of 
Government to send the Indian mails by Italy if they can make 
pe er arrangements for it, as regards the 

urs. 
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I now turn to the other side of the map, to the route from 
the east of the Mediterranean to Bombay. 

The sea route from Suez to Aden and Bombay ів abott three 
thousand miles long. The navigation is difficult, and at times 
very disagreeable. By way of improvement to this route, the 
Suez Canal is, as every one knows, now being constructed. 
М. Lesseps propones to make across that isthmus a ship-canal 
seventy-two miles long. He neglects the routes taken 
by the Pharoahs of old, which were connected with 
different branches of the Nile, and goes straight across from 
Port Said in the Mediterranean, to Lako Timseh (which was 
dried up until very lately) half way, and so on to Suez. The 
channel of this d ship-canal is to be twenty-six feet deep, 
one hundred and ninety feet wide at the top, and one hundred 
feet wide at the bottom. He has already constructed a rigole, 
or small canal, about six feet deep from Port Said ЕТЕ 
Timseh. Тһе part from Lake Timseh to the Red Sea has hardly 
been commenced, or at all events very little has been done upon 
it. Buta sweet water canal has been constructed from a p 
called Zagazig, from a branch of the Nile towards Lake Timseh 
and near it,and from thence nearly parallel to the line of the perma- 
nent canal to Suez. This sweet water canal is nearly finished, sixty 
feet wide and six feet deep; but it is about nineteen feet higher 
than the Salt water Canal; and he has by means of locks 
connected the two together. He is able thus to convey boats, 
by using the rigole to Lake Timseh, and the sweet water canal 
to Suez, all the way from the Mediterranean to the Red Sea. 
There is little doubt, I think, that the great energy of M. 
Lesseps, and the credit of the French Government, who are 
backing him up, will lead to the completion at some time of 
this canal. But there are still great difficulties to be encountered 
on parts of it. The foundations are in some places very bad, 
and as fast as he digs out the mud and sand, so fast does the 
excavation fill up again. Ho proposes to make walls all along 
the sides; but to get foundations for those walls will be ex- 
eeedingly troublesome, and they will take a great deal of time 
and money. He has also, which are less difficulties, very high 
hills of sand to excavate. He is evidently going about this in 
a very energetic way, for I heard not long ago of a hundred 
steam-dredges having been ordered to Egypt for the excavations. 
With these he intends, no doubt, to compensate as well as he 
сап for the want of the forced labour, of which at first he had 
the advantage, but which he has since been deprived of. Twenty 
of these steam-dredges were recently landed from a ship that 
was obliged to put back into Falmouth in distress. They 
were constructed to work to a depth of about twenty feet, wit 
portable engines, so that when the dredges had done their work 
the engines might be employed for other purposes. 

Тһеге has been much political feeling on the subject of thia 
canal, which has been supposed to be hostile to British interests. 
But it will certainly, if it is completed, be of much more use to 
us than to any other nation ; and I think that we ought to feel 
very much obliged to M. Lesseps and the French Government, 
for expending so much money in the hope of making it for us. 
As long as we have command of the sea it will be entirely at 
our mercy at both ends; and it will, if it is completed, give us a 
most excellent ship route to the East, by connecting our South- 
ampton and Mediterannean route with our Suez and Bombay 
route. But it is а question whether it will ever be of much use 
to sailing vessels in consequence of the difficult navigation of the 
Red Sea. 

The Egyptian Government ‘also have an idea of making a 
railway 1,700 miles long, from Suez to Cape Guardafui. Sucha 
railway may be important for Egypt, but I doubt whether it 
would ever be of much avail for British traffic, because it is a 
long line, about twice as long as another and a better, to which 
I shall have directly to point; and because it would bring us 
out at the wron side of the Arabian sea. 

The next and last, but by no means least important route 
which € have to consider, is that by the Euphrates Valley. The 
first discoverer of that route may fairly be said to have been 
Alexander the Great, who marched from Egypt to the Valley 
of the Euphrates, and so on to Bagdad, wintered at Bokhara, 
conquered Persia, took posscssion of India, sighed for more 
worlds to conquer, and returned with the remnant of his sickened 
army, after a march of nearly 20,009 miles, to die in the Lamlum 
marshes. Many others have since followed or attempted to 
follow his example, and it is well known that the Great Napoleon, 
when he went to Egypt, had an idea of doing Ше same—of 
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wresting India from us, and conquering the East; and he would, 
no doubt, have endeavoured to carry out the project, if we had 
not nipped it in the bud in Egypt. . 

is route was reconnoitred by General Chesney in 1830, 
when he made а most enterprising and interesting voyage of 
700 miles, with an interpreter and a servant down the Euphrates. 
820,000 was afterwards voted by Parliament for a тър Ат sur- 
vey of this route, which was made, under General Chesney's 
command, by Sir John Macneil and others. I have been glad 
to learn recently from General Chesney, that the Treasury havo 
authorised the publication of another volume of his proceedings. 
The result was а proposal to make а harbour about three miles 
to the south of the Orontes river, and they chose, as the best 
route for a railway that by Antioch and Aleppo, down the 
Euphrates, on to Bagdad, and во the Persian Gulf. The harbour 
was to cost £350,000, and the railway about £6,000,000. They 
found that the route would be an easy one. There were a 
couple of bridges required over the Orontes river, and some 
cuttings between the Orontes and Aleppo; but the line from 
Aleppo down to the Persian Gulf was stated to be principally 
over flat, dry, level ground, that would present every facility 
for a railway. There is a steamer already running between 
Basrah and Bagdad. The navigation through and from the 
Persian Gulf would be far superior to that from Suez b 
the Red Sea; and there remains the рио оғ ем ЧА 
completing the communication by railway from Bagdad 4 
Kurrachee to Bombay. 

By the adoption of this route we should save about 800 miles 
of ара and several days of time. There сап be no doubt 
that it is а most important route, іп а strategical as well as in а 
commercial point oF view, for ourselves as anation. We should 
have the command by sea of the two ends of it, in the Mediter- 
ranean and in the Persian Gulf, and we should be able by its 
aid to connect our forces in Europe more intimately with our 
armies in Asia—to unite them for any operation intermediately 
between Great Britain and India, and to reinforce Great Britain 
from India, or India from Great Britain, within a fortnight, 
whenever we required to do so. 

Mr. Bancroft, in a speech that did not exhibit much delicacy 
the other day in America, accused us of having constructed а 
chain of forts from Madras to Ceylon. But what we really 
want, in a military point of view, is a chain of forts along the 
route of the Euphrates Valley from England to India. There 
is an idea that we should meet with great difficulty from the 
inhabitants in making such a line; but it is said by others, on 
the contrary, that as Englishmen we should on the whole, be 
well received, while if the Turks attempted themselves to con- 
struct the railway they would meet with great opposition—that 
it would be looked upon in the one case as an undoubted 
advantage; in the other as another instrument of oppression. 

The ultimate route, then, that we should look forward to, 

ractically, at the present time, is that through Italy and by the 
Euphrates Valley, By this route we may hope to gosome day 
about 5,000 miles in a fortnight. : 

In concluding, there is another most interesting feature to 
which I would direct attention. Every reader of prophesy 
must regard & map of this sort with great interest, when he 
remembers the predictions that are not yet fulfilled. One can 
hardly look at it, indeed, without observing that it points in 
both directions, from the east and from the west, towards the 
Holy Land. We see and know that the Jews have been and 
are now scattered from that promised land among all nations ; 
and judging from the completeness with which the prophecies 
with regard to their banishment have been fulfilled, we may be 


nite sure of the punctuality with which those prophecies will 
во be literall filled which speak so plata! y of their re- 
instatement. ay we not, therefore, indulge the hope that in 


laying out and establishing these routes between England and 
India, we are really doing something more—that we are contri- 
buting in an important degree to fulfil the designs of Providence. 
Who can read the passage in Isaiah, “ Every mountain shall be a 
highway for my people,” without thinking of all the summit 
railways and grand tunnels that are in contemplation? We are 
surely in some meagure assisting to pave the way for the retarn 
of that people to the land to which they will “ fly ere long as a 
cloud, and as the doves to their windows,” bringing their silver 
and their gold with them, and which land they are destined on 
their conversion to inhabit and to enjoy in future generations. 


-------Ф---- 
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ON TREATMENT OF MELTED CAST IRON AND ITS 
CONVERSION INTO IRON AND STEEL BY THE 
PNEUMATIC PROCESS.* 


By Mr. Ковквт Мовният. 


In the year 1815, my father, Mr. David Mushet, took out a 
atent for the manufacture of refined iron direct from the blast 


For this purpose he erected а small blast furnace, 30ft. high, 
blown by means of three tuyeres, with & pressure of blast of 
about three pounds and a-half per square inch. These tuyeres 
were arranged so as to dip down upon the surface of the melted 
iron in the hearth of the furnace, and when the hearth was full, 
or nearly full, the tuyeres were partially below the surface level 
of the melted iron. ‘here was no difficulty experienced in 
keeping the melted iron in a liquid state in the middle of the 
hearth, but round the sides the refined iron chilled, and formed 
what is technically termed “scull,” and this rendered it ver 
difficult, and sometimes impossible, to tap the furnace and run о 
the portion of the metal which retained its fluidity. When the 
tapping took place, the metal flowed from the furnace intensely 
heated, and throwing off the most brilliant scintillations. The 
temperature of the metal, like that of ordinary refined metal, 
was far higher than that of pig iron produced under the regular 
тов of a blast furnace. Fhe pigs of metal obtained were 


perfectly solid, showing, when broken, a dense white steely 
grain. They were so strong as to bend before tey broke, and 
struck by 


occasionally they could not be broken at all, thou 
the heaviest sledges wielded by the most powerful men; the 
metal was, in fact, crude cast stecl, and could be chipped with a 
cold chisel, and, when annealed, was susceptible of being forged 
at a low heat to some extent. The defcct in this process was 
that, as in the refinery, the waste of metal was excessive, owing 
to the surface action of the blast upon the melted iron for a pro- 
longed period. The difficulty of Keeping the hearth open, and of 
tapping, arose merely from the small size of the furnace and 
hearth, and the weakness of the blast. The iron was, however, 
decarbonised, so as to be in the condition of crude cast steel, 
too highly oxygenated, however, to be forged into bars of com- 
mercial value. ; 

The experiment I have described was, I believe, tho first 

ractical step taken in the development of the pus process, 
though it was certainly not undertaken with any idea of pro- 
ducing either malleable iron or steel by that process, but monly 
a highly decarbonised refined metal. About the year 1850, 
made cxperiments with some very highly-blown refined iron 
from the Parkend Ironworks, in the Forest of Dean, and found 
that, when alloyed with manganese, this refined metal could be 
forged into sound bars of very hard steel, too hard, indeed, for 
any practical purpose, but, nevertheless, solid, and free from 
seams or flaws, poe that if the iron could be sufficiently 
decarbonised whilst in the melted state, steel of marketable 
quality might be obtained by simply adding some metallic 
manganese to the decarbonised metal. 

In the autumn of 1856, Mr. Henry Bessemer read a paper at 
the meeting of the British Association in Cheltenham, which, 
whilst it filled the scientific as well as the practical world with 
astonishment, did not in the least surprise me, except in the one 
circumstance of its being possible to maintain в tuyere beneath 
& heavy column of melted cast iron. That, indeed, appeared to 
me most surprising, as I was well aware of the highly destruc- 
tive action of the iron slag which is generated by the action 
of atmospheric air upon melted cast iron. However, what 
I considered impossible had actually been accomplished 
by Mr. Bessemer, and the first great ndvance towards 
rendering stecl as cheap as iron had been inaugurated by that 
gentleman. У mor 

Mr. Bessemer's process consisted in forcing air through melted 
cast iron by means of tuyeres situated benent the surface of the 
melted iron. When melted cast iron is subjected to this process, 
the silicon contained in the iron is first combined with the oxygen 
of the blast, and thrown to the surface as n light, frothy, grey 
slag. Next,the carbon of the melted iron enters into combus- 
tion, and, lastly, the iron itself is attacked and consumed with 
the development of an intense спиране, sufficient to kee 
the iron, though freed from carbon, ша perfectly liqui 


state. 
* Read before the British Association, Nottingham, 1866. 
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‘When the silicon and the carbon have been nearly or wholly 
eliminated from the cast iron operated upon, the product ob- 
tained is cither crude cast steel or iron, according to the degree 
of decarbonisation arrived at. Ingots cast from this metal are 
more or less unsound, and, when forged, they frequently crack 
or break off, owing to their redshortness, and are wholly unfit 
for the requirements of commerce. Moreover, whenever the 
melted cast iron operated upon contains sulphur and phosphorus 
to any notable extent, the decarbonised iron is found to be so 
crude and brittle that it cannot be forged at all, and is, in fact, 
less valuable than the pig iron it has been made from. Hence, 
only the purest coke pig irons of Great Britain are at present 
suited for Mr. Bessemer’s process, and these arc comprised in 
the hematite pig irons, the Forest of Dean pig irons, the Wear- 
dale spathose irons, and the Blanavon and Pon 1 Welsh 
brands; these latter two being, however, far inferior to the 
other brands for the pneumatic process. 

Mr. Bessemer naturally inferred that he should be able to 
produce both cast steel and iron by his process alone, and it b 
no means detracts from his merits that he happened to overlook 
the fact that iron exposed in the melted state to the action of 
oxygen becomes as it were debased. Some persons term it 
“burnt iron," but I cal it“ oxygenated iron ;" and oxygenated 
iron can never of itself constitute a commercially valunblo article. 
This oxygenation can be prevented when a metal is present 
whose affinity for oxygen is greater than the affinity of iron for 
oxygen, and it can be remedied when such в metal is subse- 
quently added to the oxygenated iron. When Mr. Bessemer 
read his paper, I foresaw all the difficulties he would have to 
encounter from oxygenation of his iron, and I knew that the 
remedy was simple and attainable, provided a suitable metal 
could be found at such a cost and in such quantities as would 
render its use рые оп the large scale. Out of several 
metals possessed of the required properties, I selected the metal 
manganese as found abundantly in the spiegeleisen or spathose 
pig iron of Rhenish Prussia, and combined therein with carbon 
and iron, the iron forming а convenient vehicle by means of 
which I could introduce the metallic manganese into melted de- 
carbonised iron treated by Mr. Bessemer's process. My first 
experiment was with some Bessemer metal repared at the 
Victoria Ironworks from hematite pig iron. The experiment 
was made in small crucibles containing only a few ounces, the 
Bessemer metal being melted in one ера а and Ше spiege- 
leisen in another; the melted contents of the crucibles were 
then mixed, and a small ingot cast. This ingot was forged into 
a bar of excellent cast steel, which was doubled, welded, and made 
into a chisel, and was found for all practical purposes to be cast 
steel of fair average quality. 

I then extended the scale of my experiments, and operated 
with steel melting pots, containing from 401. to 501b. of 
Bessemer metal each, and melting the spiegeleisen in smaller 
crucibles. The most complete success resulted from these 
experiments, and Mr. 8. Н. Blackwell having subsequently 
suppuna тө with a small blowing engine, capable of maintaining 
a blast of 1015. pressure per square ineh, I operated upon 
quantities of melted cast iron of from 500lb. to 800 lb., and 
with similar success, the Bessemer metal being wholly freed 
from unsoundness, red-shortedness, and other defects which had 

recluded its being forged ог гойсд into a marketable product. 

he British pig irons that I found best suited for the joint pro- 
cesses of Mr. Bessemer aud mysclf were the Lancashire and 
Cumberland hematite iron, the Weardale spathose iron, and the 
Forest of Dean pig iron. Of foreign brands, the Indian charcoal 
pig, and some manganese pig iron from Sweden gave the best 
results, though not so satisfactory as those obtained when 
hematite coke pig irons were employed: I had, meanwhile, 
secured my invention by means of letters patent, dated 22nd 
September, 1856. This patent lapsed in 1869, through non- 
payment of the stamp-duty of £50, owing to some unaccountable 
oversight of the trustees to whom I had been advised to entrust 
my patent rights. My invention thus became publie property, 
ет was deprived by this accident of all remuneration tor an 
invention which every person, practically acquainted with the 
manufacture of Bessemer metal, will admit to be of immenso 
value. 

I speak, no doubt, as an interested party, and my opinion is, 
therefore, open to criticism; but I venture to submit than an 
invention such as that described in my last patent, places all 
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who have benefitted by its use under а moral obligation to 
recognise my claims to remuneration; for although by the 
accident of the non-payment of the stamp duty my invention 
became public property, I still think that that’ accident ought 
not to debar me from the reward that I am morally entitled to, 
and could have commanded to во large an extent, but for the 
oversight of those on whom I relied. р 

Much remains to be done to extend the use of the pneumatic 
or Bessemer process to the ordinary brands of Pig iron at present 
considered to be unfit for this purpose. I am, I believe, in pos- 
session of the requisite knowledge to accomplish all this, and I 
am only waiting the opportunity to do so, whenever the Titanic 
Company, with whom I am associated, shall consider that the 
proper time has arrived for them to erect a suitable Bessemer 
apparatus at their works. | 

ө means are, I believe, as simple and efficacious as is the 
addition of spiegeleisen, now invariably employed by all Mr. 
Bessemer’s licenses in England, and the resulting advantages 
will be proportionally great. 

In Seden, the Bessemer process has been carried out by 
operating upon certain brands of Swedish pig iron containing 8 
considerable alloy of metallic manganese ; the result is, that with 
the subsequent addition ofa little of the same manganesio pig 
iron in lieu of spiegeleisen, a workable steel is produced of 
moderate quality, but too seamy and unsound to be of much 
value for tools, and not nearly so tough and strong as the 
Bessemer steel made in this country from our own coke p Е 
irons, and it can never enter into competition with our Englis 
Bessemer steel. In treating melted cast iron by the pneumatic 
or Bessemer process, the simplest plan is to deprive the iron of 
the whole of its silicon and carbon. In this case, the addition 
of a given weight of spiegeleisen, or of any similar metallic 
compound of iron and manganese containing carbon to a given 
weight of decarbonised cast iron, will ensure results of tolerable 
uniformity as to the hardness or temper of the steel produced. 
The effect of adding spiegeleisen to Bessemer metal is as 
follows :- 

The metallic manganese, by its superior affinity for oxygen, 
Ge osygenstei the decarbonised metal, and renders it sound and 
free from redshortness. 

The carbon of the spiegeleisen steelifies the mixture, and 
improves it when stiff or hard metal is required. 

e iron of the spiegeleisen adds to the weight of the charge, 
and may, therefore, be considered as a gain to nearly the amount 
of its weight. ; 

The silicon which is found in spiegeleisen has the effect of 
reducing the boiling or agitation of the pneumatised metal when 
poured into moulds, and is therefore beneficial, and it is not 
present to any injurious extent in spiegeleisen. 

The hardness or temper of the Bessemer steel may be increased 
at pleasure by increasing the dose of spiegeleisen. 

en spiegeleisen is added to Bessemer metal containing 
sulphur, and the pneumatic blast is turned on so as to eliminate 
the carbon and manganese of the spiegeleisen, a portion of the 
ep ore of the pneumatised iron is carried off by the manganese, 
and thus, by repeated additions of spiegeleisen and subsequent 
eliminations of its manganese, pneumatised cast iron may be 
wholly desulphurised. 

In a similar manner, Bessemer metal containing phosphorus 
may be dephosphorised by employing titanic pig iron in repeated 
doses to eliminate the phosphorus, and when both sulphur and 
phosphorus are present, both may be eliminated by sepeated 
additions of spiegeleisen and titanic pig iron, the pneumatic 
blast being turned on after each such addition made to the 
pneumatised cast iron. 

The pneumatic process of Mr. Bessemer, in conjunction with 
my spiegeleisen process, is producing a revolution in the engi- 
neering world, and in all the departments of art dependent upon 
engineering, to an extent almost incredible, and the magnitude 
of its ultimate effects it is impossible fully to foresee. Mr. 
Везвешегв name will be remembered in connection with this, 
the greatest metallurgical invention the world has ever seen; 
and I venture to hope that I may not be wholly forgotten as 
having supplied the which was wanting to render Mr. 
Bessemer's process what it now is. Ав I have had much expe- 
Tience in matters relating to the steel manufacture, it was not 
surprising that I should at once have been able to devise the 
remedy for the one solitary defect which marred the success of 
the pneumatic process at its outset. 
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RAILWAYS AND COMMUNICATIONS IN RUSSIA. 


Вальмляз have been for some years the object of speci 
attention to the Russian government. The surveys of projected 
lines, as well as the works of those in execution, are receiving 
at the present time a fresh impulse. St. Petersburg, Moscow, 
and Warsaw are у in communication with each other ; and 
Eastern Prussia and Berlin may be reached by Gumbinnen and 
Thorn. More towards the south, the Russian line join those 
of Cracovia, leading to the two Prussian Silesias; and before 
long the southern line, which at present is opened from Odessa 
to Balta, will communicate with Bessarabia, a province bordering 
on the Roumanian principalities, and communicating with the 
Lemberg railway in Galicia. Another central line, running from 
north to south, 1s intended to unite the capital, Moscow, Ozel, 
Koursk, Kharkov, Nicolaeif, Sebastopol, and Taganrog, and to 

ut the Gulf of Finland into communication with the Crimea. 
he southern part of this line is intended in the east to fulfil the 
same purpose as that of the Odessa-Balta in the west, viz., that 
of bringing to the two ports of exportation, and 
Odessa, the wheat of Ukraine, of Pultava, of Ekaterinoslav, of 
Knerson, and of Podolia. A branch from the Balta line would 
no doubt run north-east towards the central part of the Ural. 
Ina few weeks the trunk lying between Moscow and Serpoukhoff 
will be opened for traffic, and as far as Koursk next year. Sup- 
posing she could not, without solution of continuity, carry her 
roducts from the Baltic to the Black Seu, she has railways that 
ead, or will lead within a little, to the frontiers of all her neigh- 
bours, from the Pruth to Niemen. Other interior and trans- 
versal lines, such as those of Riazan, of Nijni Novogorod, are of 
eat utility, but none more worthy of interest the two 
following, intended to form a double communication between the 
Caspian and the Black Seas. The first of these lines, which is 
but twenty leagues in length, is in full work. It begins at 
Tzaritzin, an important town situated on the right bank of the 
Volga, which falls into the Caspian, and finishes at Kalatcheff, 
в town on the left bank of the Don, which falls into the Sea of 
Azof. The second of these lines is due to the energy of the 
Grand Duke Michael, Governor-General of the Caucasus. A 
line of railway is likewise intended to unite the port of Poti, 
on the Black Sea, with that of Bakon, on the Caspian Sea, passing 
by Koutais and Tiflis; the line follows principally the valleys of 
the Rion and the Kour. For the last two years six thousand 
soldiers have been employed under the direction of Mr. Bailly, 
an English engineer. The port of Poti is now the site of im- 
ortant works, which will make it the principal port of the Black 
Bea in these parts. Besides this, the organisation of a direct 
service of steamboats with Constantinople, and the establishment 
of a good carriage-road between Tiflis and Tauris, is in contem- 
lation. Merchandise from Persia and Central Asis will pro- 
bably follow the Russian lines, and it may be foreseen that the 
Transcaucasian line will almost completely absorb in these parta 
the traffic between Europe and Asia. 


Bebiclws. 


а Mansions, Lodges, Villas, etc.; being a Series of Original 
esigns, with Plans, s tions, and Estimates illustrating 
the Requirements of Modern Architecture. By FREDERICK 


Rocers, Architect. London: Atchleyand Co. 1866. 

Tus work before us consists of sketch plans and views of a 
considerable number of small and large residences, together 
with memoranda descriptive of the proposed kind of construc- 
tion, and intended to ud in the preparation of complete specifi- 
cations. The work, however, does not aim at so complete an 
illustration of the subject as to enable the building to be carried 
out without professional assistance. Тһе sketches are executed 
in в clever and effective manner, and several of them are highly 
picturesque, while others are broadly and simply treated. e 
style generally used is more or less medimval in character; such 
as combines well with the irre, levels of sites and the varied 
outlines of country scenery. The materials intended to be used 
are chiefly those which may be best available in localities where 
such bui dings are likely to be erected. Тһе plans contain 
several useful combinations of rooms, and are such as the archi- 
tect may advantageously study. The views being in perspective, 
give that clear and ready idea of the grouping of parts which is 
valuable to architect ane amateur alike. 

This is a useful addition to the many works on the not easily 
exhausted subject of English residences, rural and suburban. 
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BURLINGTON HOUSE. 


THE ще of ground at the hack of Burlington-house is ap- 
portioned between the London University and the Royal 
Academy, and the former has commenced operations. Trees are 
felled, and the ground is levelled for the foundations. The 
moiety of Burlington-gardens which falls to the University will 

ive а spacious, and yet quiet and secluded frontage towards 
rk-street and Barli -street. Mr. Penethorne’s designs 
for the building, with the exception of some final details, are 
now prepared. He had, in the first instance, presented to Lord 
John Маппегв а classic facade, but, at the request of the First 
Commissioner of Public Works, the design ultimately adopted 
was made. The style is transitional. e elevation consists 
of a centre and two wings; in the latter are two spacious 
lecture-theatres; the examination-rooms, &0., occupy the main 
body; the entire ground plan covers an area of about 220 
feet by 160 feet. The treatment, though allied to Italian 
Gothic, is yet independent and individual: no one model 
in Venice or Lombardy has been implicitly followed; on the 
contrary, the whole design has been adapted to exigencies of 
climate, demands of utility, and the resources of local materials. 
For the marble architecture of Italy will be substituted a 
stone architecture, which may be more in keeping with imme- 
diate surroundings, and the cheaper and ruder material will 
be so employed as to secure polychromatic display. The adopted 
Gothic, too, admits of varied sky outline: a steep roof, and a 
couple d lofty campanile will present a bold profile. The 
iamentary estimate is £65,000, of which £20,000 was voted 
ast session as a first instalment. The remaining moiety of the 
gardens, that adjoining Burlington-house, has not yet undergone 
any marked change under the hands of its present owners, the 
Royal Academicians. It is understood that the Academy will 
avail itself of the advantages offered by the Government. One 
of the body, Mr. Sydney Smirke, is entrusted with the making 
of plans for new galleries. Under present arrangements, the 
facade of Burlington-house, which the Institute of Architects 
and their President, Mr. Beresford Hope, made efforts to save, 
will remain intact. The effective Doric or Palladian colonnade, 
however, that rounds off the area on the side next Piccadilly, 
and which some deem the best part of the architectural com- 
position of the celebrated amateur, the Earl of Burlington, 
appears still in danger. The works are committed to the care 
о nis Pennethorne, Mr. Sidney Smirkes, and Messrs. Banks 
an А 


-------- 
8Т. JOHN’S CHURCH, WOLVERHAMPTON. 


Тив church of St. John, Wolverhampton, is a noble specimen 
of the style of architecture which prevailed in England a 
century or so ago, after the Wren revival, which is about the 
date of its erection. А font of beautiful proportions has just 
been erected at the west end of the centre aisle, and has been 
зо designed as to harmonise with the character of the building, 
without strictly following the rules of orthodox classic detail. 
The main form of the font is circular, flanked by four columns 
of rich Devonshire marble, having capitals of the Corinthian 

, conventionally carved. In the leafage of these are intro- 
pees the rose, lily, passion flower, &c.; while a correspondin 
enrichment encircles stem of the bowl itself, and serves wit 
the base mouldings to give variety to the effect. Above each 
. of the four capitals is а circular sunk panel, containing a 
Maltese cross and other devices, executed 1n different coloured 
marbles; and around the rim, in the spaces between these 
panels is inscribed the following text, in incised letters— 
“Оле Lord, one Faith, one Baptism—Amen.” Below this text, 
а belt of exi marbles, composed of griotte and Irish green, in 
patterns, with jewelled centres of spar, crystal, and malachite, 
surrounds the bowl, and adds greatly to the blending of colours 
and richness of the effect. The general material of the font is 
Caen stone; snd it stands upon a red Mansfield-stone step, 
round which plain, coloured, and glazed paving tiles are laid 
down geometrically in the aisle, which has been widened at 
this spot for the purpose, so as to form a suitable platform for 
the whole. 

The work throughout, with the exception of the carving, 
which is by Farmer, of London, has been very carefully executed 
by Messrs. С. and Е. Higham, of Wolverhampton, from the 
designs of Mr. J. Drayton Wyatt, Architect, London. 
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ON THE HEIGHT OF ROOMS. 


TO THR MDITOR OF “тии CIVIL ANGINEER AND ARCHITECTS JOURNAL," 


Srz,—Permit me to offer a few remarks upon Mr. Crellin’s 
very inconsequent formula in your last number. I fear we owe 
it to his unbounded admiration for the cube, and that it is this 
which has misled him into stating that the height of a room 
should in all cases be the square root of its area; for this is 
what the wisdom about В, LB, #с., amounts to. He commences 
by saying, “ If therefore the four sides together with the top 
and bottom of a room be made equal each to each, the propor- 
tions thereof will of course be perfect.” І аш convinced that 


such a room, as is here given us аз а model of perfection, is 
really of the worst form possible; and as I deny the advantage 
of the 


cube, I deny also the argament by which this form is 
made to affect all other cases. Indeed as С. as the plan ів con- 
cerned, I consider no room should be less in length than four- 
thirds of its width. But allowing the rule to pass, let us assume 
the area of a room to be 4,900 square feet, then by the given 
formula we have the height = „/4900 = 70 feet. Now let us 
take some dimensions which will accord with our given area— 


7 x 70 
== 4900 square feet. 


98 x 50 
196 x 25! 

Surely Mr. Crellin would not have us believe that all these 
rooms, whose areas are equal to 4900 square feet. should be of 
equal height. I think that he must admit that a picture-gallery, 
95 feet wide by 200 feet long, such as was the water-colour 

ery at the 1862 Exhibition, would have been unnecessarily 
igh at 70 feet. 
tly, why does Mr. Crellin after so carefully embodying his 
theory, make such an unfortunate choice of examples ? 

Does he consider that Sir Charles Barry would have improved 
the House of Lords had he made the height 68:63 feet ; and does 
he think that the fact of raising the roof 32°17 feet would amend 
the proportions of Guildhall ? or does he perhaps intend to show 
that an average difference of only 47 per cent. between the works 
of these distinguished men and the results by his formula proves 
that they unconsciously Moped it? Iam, &., 

18, Hyde Park Gate South. GILBERT В. Варевлуе. 

eptember, 1866. 
— 

Waste of Coal.—Welch mining engineers estimate that over 
thirty per cent. of coal is lost in mining. Much of it is іп fine 
dust. ere are patent processes to make it into blocks; but 
their costs is so great that they are little used. In Scranton, 
Ра, the coal-dust is a great nuisance; and there is much dust 
in АП соа] yards. Being baffled in attempt to work up coal 
dust into lumps, the question is whether we cannot adapt 
furnaces to burn the dust. We have seen it burned by blowers, 
in a rude way, which is of little use; but this is not the question 
mooted. t we want is a process that burns it well, and 
with a moderate draught. This, we think, can be done b 
sifting the coal into the upper of the furnace, mixed wi 
air. е coarser particles will fall upon & fine grate, through 
which there will be a regulated draught; but the dust will burn 
as it falls, and never touch the grate. We have seen carbon- 
aceous powders burned while suspended in air, and they flashed 
like ; an intense fire may be made in this wa if skill be 
exercised, and the problem is to proportion the furnace, the 
draught, and the feed of dust, во as to produce perfect com- 
bustion of all the fine particles before they fall to the bottom. 
The conceivable saving is not limited to that of thirty per cent. 
of the weight of the coal in the mines. There are cases in 
which the ing combustion attainable by mixing air through 
the fuel, instead of merely bringing it in contact with the surfaces 
of lumps, will save room in furnaces, and thus be of great 
advantage. In steam boiler furnaces, where the grate-room is 
limited, 16 may be advantageous. We think inventors may find 
piles of money in the piles of coal-dust that need to be carted 
off.— American Artizan. 

Competition.—The authorities of the town of Charleroi, 
Belgium, invite foreign as well as Belgian architects to submit 
p for the enlargement of the town, the demolition of its forti- 

cations, and the reconstruction of its railway station. The first 
premium is £200; it is not stated whether the successful compe- 
titor will be entrusted to out his design; the second pre- 
mium is £80. The premiated plans to remain the property of 
the municipality, which, moreover, reserves fo itself tho right of 
purchasing any of the others for the sum of £20. 
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SMITH’S SELF-ADJUSTING ELASTIC RAILWAY 
WHEEL. 


wheels now in use, partly 
from their Le em to the axles resulting in loss кеге 
b wear and қас ОГ е ута ding, 


e of Ше t 


curves, the harsh and 


which have to be taken into consideration. 


The construction of this wheel will be understood from the 
accompanying di .— Fig. 1 is an elevation of the appar half 
of a suspended wheel with the dise plate C removed. In this 
case the tyre D is grooved and the edges or flanges of the disc 
plates C, C, are turned inwards and inserted in the groove of 
the tyre, such groove being of sufficient e to allow of easy 
play, with elasticity of action and means of adjustment to the 
tyre; Fig. 2 is an elevation of the lower half of the same wheel ; 
and Fig. 8 is a transverse section of the whole wheel. When 
the wheels are fixed to the axles, the tyres must be worn 
wnequally, and there is great oscillation should the frames of 
the carriages be out of square. То avoid this inconvenience, 
hollow axles are keyed into the bosses or naves of the wheels, 
and the solid axles pass through these. Тһе bearings, which 
шау be of any kind, rest on the hollow axles. А spring may be 
inserted at the back of the boss or nave, being confined by a 
plate, so as to allow the wheels to yield laterally, and lessen 


at grating sound while 
passing over the bridges, as well as the enlargement of the 
engine tyres, when they have to be taken off and reset, all of 
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The object of Smith's Railway Wheel is to obviate the dis- 
advantage of the fixed wheels now in use. 

The novelty consists in the body, spokes, or disc-plates being 
suspended to the i a By such an arrangement, the tyres are 
in compression, while the body, spokes, or disc-plates are in 
tension, the reverse of the principle now adopted. The advan- 
taies, as stated by the patentee, are cheapness, lightness, dura- 
bility, ter safety to the trains, стрепа at high speeds, as 
the s cannot separate or break from the body, spokes, ог 
dise plates of the wheels, nor can they mount the rails; the 
jolting is less, and also the wear and tear to engines, carriages, 
and permanent way; no skidding, or sliding, or lateral concus- 
sion, nor any necessity for double rails at sharp curves, as the 
tyres regulate themselves; neither is the vibration of the 
bridges so harsh, on account of the elasticity of the wheels. 


the effect of concussion in that direction. To keep the wheels in 
their places, and, at the same time, to allow of self-adjustment 
when travelling over curves or defective roads, plates are bolted 
to the backs of the bosses, naves, or collars. The wheel is 
formed separately, and connected to the back of the tyre, which 
is grooved, by means of either disc or ring plates, rivetted or 
bolted to the spokes or arms of the boss or nave, and having 
turned-in edges or flanges, which are inserted in the ves of 
the ча and are of sufficient depth to allow of easy play, and to 
afford elasticity of action, and means of adjusting to the tyre. 
A set of these wheels have been in use for some time past on 
the North London Railway, and it is stated that they have 
iven satisfaction. Another set will shortly be employed upon 
e Great Western Railway, to test their capabilities. 
The inventor and patentee is Mr. George Smith, Jun.. 
М. Inst., С.Е. 
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November 1, 1800] 


BRILL'S BATHS, BRIGHTON. 


(With Engravings.) 

Тнів building, of which we give exterior and interior views, 
18 now in course of erection on the site of the structure so long 
well known as Brill’s Brighton Baths, and: will form an impor- 
tant addition to the architectural features of the town. The 
new building will greatly exceed the former in size, and in the 
completeness of its arrangements. 

e general arrangements consist of a plunging bath on 
ground floor 52 feet long by 30 feet wide, the ends bein 
semi-circular, and the interior paved with white glaze 
tiles, on a Portland cement ground. There are eighteen 
dressing-rooms on this floor, the divisions between which are 
of a light green enamelled slate; their ceilings, and that of the 

sage, being white enamelled slate, of which material the 
oors, too, are constructed. The doors of communication 
between passage and dressing-rooms, and from dressing-rooms 
to plunging bath, have glass in the upper panels. The whole of 
the woodwork is stained and vanished. All the walls on this 
floor not faced with brick will be in parian cement, tinted to 
agree with the light green divisions. e whole of caps, string, 
and cornice are of Devon limestone. The columns are of granite. 
Hood moulds to arches, Portland stone. 'lhere will be an 
encaustic-tile band under cornice, and two between the first and 
ground floors. The brick facing is the Budham pressed bricks, 
inted in fine mortar ; the arches Suffolk reds. e whole of the 
rickwork is of stock bricks in cement. The first floor is fur- 
nished with twelve white porcelain baths and fittings. This 
floor is also of slate, and has a space of 2 feet, for pipes, between 
it and the ceiling below. The roof is of iron, and filled with red 
and yellow bricks; the interior ironwork will be faced with oak 
mouldings, and the exterior will be covered with plain tiles. 
The lantern over is of wood, and the roof of glass. The Pool 
Valley front is faced with Budham facings and red Suffolk bricks. 
The caps, cornice, and strings are of Portland stone; there is 
an encaustic-tile band between the caps of piers. 

The architect is Mr. Geo. Gilbert Scott, R.A., and Messrs. 

Jackson and Shaw, of London, are the builders. 


--------- 
ОМ RIVETTED JOINTS.* 
Bv Тномав BALDWIN. 


Asx а boiler-maker why he places the rivets in a boiler 2in. 
apart, and he answers, because “it’s the practice—” that is be- 
cause it is customary to do so. 

Ask the inspector of a boiler association the same question, 
and he, “ with his extensive experience and close observation of 
many hundreds of boilers,” tells you that 2 in. is the best dis- 
tance, since the boiler-makers use it, and, further, if the rivets 
be placed at a greater distance Aet the joints cannot be made 
tight, and, if placed nearer together the metal left between the 
rivet holes will be too weak to bear the strain upon it. 

If, then, you say to these gentlemen it has been found by 
experiment that a bar of iron lin. square used as а rivet will be 
sheared across by а force of 50,000 lb., and that a piece of boiler 
plate having a section equal to 1 square inch will be torn 
asunder by 51,000 lb., and that you conclude from these experi- 
mental facts that the area of the rivets and the area of the cross 
section of the metal left between the rivet holes should be nearly 
equal to make the strongest boiler, you are at once told that 
* $n theory it may be so, but it has been found that the plates 
are so much weakened by the use of the punch that nothing 
short of 2in. will do for the pitch of the rivets.” If you ask to 
be referred to experimental data showing that this pitch under 
all circumstances is the best, you are simply told that experience 
teaches it, and this even by men placed in a position to advise 
the users of steam boilers as to the best method of construction. 

The writer is, therefore, desirous of placing this matter fairly 
before those who spend large sums of money on steam boilers, 
and yet get only 76 per cent. of the strength that correct prin- 
ciples ofi construction will give, and, therefore, pay 25 per cent. 
more for a boiler than is required if these principles be attended 
to, or get а boiler that ів 25 per cent. weaker than it ought to 
be. However strange it may seem, a boiler made of іп. plates 


* Read before the Society of Engineers. 
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&nd put togetlior with Zin. rivets and 2in. pitch, is just as 
strong as a boiler made of ш. plates, with the rivets and pitch 
the same as used for the | ш. plates, for both would give way. 
by the rivets being sheared across, which causes the user of a 
boiler to pay 25 per cent. more for his boiler than he ought to pay. 
We now try to ascertain and confirm by mathematical 
demonstration what ought to be the proper pitch to get the 
strongest rivetted joints for steam boilers from die least material 
when the thickness of plates and the diameter of the rivets are 
given. 
_As mathematical demonstration is by far the shortest and 
simplest way of arriving at the required result, 
Let P = pitch of the rivets in inches. 
d = diameter of the rivets in inches. 
а = area of one rivet in inches, 
t = thickness of plates in inches. 
s = number of pounds required to shear one aquare inch 
of wrought iron in the form of rivets. 
в = number of pounds required to tearasunder one square 
inch of the boiler plate, left between the rivet 


holes after punching. 
Then the sectional area of the plate between any two rivet 
holes is 
and the ore пра to tear that section asunder is 
=(P—d)tm . а 25722 . я 1 
The force required to shear one rivet across is a 
шағ. (2) 


_ Now, to economise material, and make the strongest single 
rivetted joint, we must make the rivets just on the point of 


shearing across when the plates are ie on the point of being 


torn asunder; thus (1) and (2) must be equal, or 

. -фиже . s А А В . (8) 
from which we get 
.08 |, 

= + do. 2 е v o x x (4) 
and PA 

a= IET . . . . . . . (5) 

Now Mr. Fairbairn has given a table for колена use, in 


which the thickness of the plates, the diameter of the rivets, and 
the pitch of the rivets are stated. 

aking а = 60,000 lb., which has been arrived at by охрегі- 
ment, and oven on the authority of Professor Rankine, and 
making P, 4, and 2 agreeable to Mr. Fairbairn’s table, we find 
by equation (5) the values of » in table 1, column 5; 


Given in Mr. Fairbeirn's 
table. 


Plate Rivet Pitoh 
t d ? 
1% "876 125 
+ *600 1:50 
y *625 1:625 
"75 1:75 
% "8125 2-00 
Н "8876 | 2:60 
1:125 3:00 


The values of п, shown in the last column, are very variable 
indeed, attaining & maximum in the case of jin. plates amount- 
ing to 58,893 №., while the experiments made by Mr. Fairbairn 
on the tensile strength of boiler plates, and given in his paper 
read before the Society of Arts іп November, 1864, gives the 
mean value of п = 52,4861b., and yet we find the values of n аз 
deduced for jin. plates from Mr. Fairbairn's table, amounti 
only to 43,666 lb, and for Үзіп. plates as low as 39,270 1Ъ., a dis- 
crepancy quite unaccountable, 

е common practice of making the distance between the 
rivets Эш. for fin. plates with jin. rivets, given by equation (6) 
the value »= 61,041 lb., which is a close approximation to the 
strongest form of joint for single-rivetted tcs: 

If n be taken of the same value as Mr. Fairbairn recommends 
for jin. plates, we have by equation (4) 

as "4417 x 50000 3 

Pot ?= -gx es + 75 = ГБ. (A) 


76 


314 


But if the pitch of the rivets for Но. plates be 2in., then 
в = 51,041 lb., with fin. rivets and }in. plates we get :— . 


“4417 x 50000 а 1 
Р аа +75 = 1615 in. . А (В) 
Mr. Fairbairn gives a number of experiments on single- 


rivetted joints in the “Philosophical Transactions for the year 
1850," and in his “ Useful Information for Engineers,” the 
thickness of the plates used being 22. and 3in. broad, put 
together with din. rivets. 

e mean breaking weight of all the experiments is given at 
18,5901Ъ. 

The area of the two rivets being 2 x "19635 = ‘3927. and the 
sectional area of tho plates after punching = (3 — 1) ‘22 = “44, 
from which we get :— 

18590 _ 49950 1b., 


which being used for Jin. plates with 2-in. rivets, we have by (4) 
__ 4417 x 50000 , wee nor: 
P= — 5 x 42950 + 75 = 1796шщ.. (C) 
Mr. Fairbairn’s experiments with plates '22 in. thick, 33 in. 

broad, fastened together with three rivets jin. in diameter, 
gives— 

Area of the three rivets . . . . . = 589 ш. 

Area of plates, deducting rivet holes . = ‘44in., 
which broke through the line of rivets by 19,676 1Ъ., giving 


. 19675 . 
ij =44534 Db. 


Had these plates been 4/178 in. broad, instead of 3-5 т., the 
section of the plate after punching would have been 2:678 x ‘22 
= '589, equal to the area of the three rivets, and the rivetted 
joint much stronger, the ratio of strength being nearly as 
100 to 84. 

But experiments made on only two or three rivets is no fuir 
criterion, as Mr. Fairbairn has suggested, for he concludes that 
the strength of a single-rivetted joint, including the rivct holes 
in the measurement of the section of the plate, is fairly repre- 
sented by в breaking strain of 34,0001b. on the square inch of 
such section, 

Now, the entire section of the plate used in the experimental 
inquiry with two rivets, was 3 х 22 = ‘66in., and the section 
of the plate, after deducting the rivet holes, will be (3—1) 

: 34000 x “66 
:22 = ‘44in.; we then have a = T = 510001Ь. as 
the power of the rivetted plates to resist a tensile strain. 

Applying this value of л аз before, we find for 3-in. plates and 
1-in. rivets— 


в = 


+ 76 = 1616. (D) 
р Тһе кез of these results for 4-іп. plates will be found to give 
= 1°63 in. 

We therefore find that the shearing force and the tensile force 
are so nearly equal that for practical purposes they may be con- 
sidered so; we can then dispense with s and в in equation (4), 
which becomes 


Рс:%4......... 
which gives for $-ш. plates and }-in. rivets 


p= М7 +76 = 16384ш. 2... (Е) 

nearly the same value ав Ше mean of all Ше other deductions. 

After Mr. Fairbairn has analysed his experiments, he says :— 
“Tf wo take the mean of the experiments as respects the area of 
the rivets to that of the plates, we find one-half in rivets about 
the proportion, or the area of the rivets in the last experiments 
should have been 4in., which is nearly equal to the area of the 
plates through the rivet holes.” | 

The following note is also attached :—'* Subsequent experi- 
made for ascertaining the strength of rivets (vide experiments 
on the strength of rivets for the Britannia and Conway tubular 
bridges) fully corroborate these views, namely that rivetted 
joints exposed to a tensile strain are direetly, or nearly so, as 
their respective areas, or, in other words, the collective areas of 
the rivets are equal to the sectional area of the plate taken 
through the line of rivets." 

Agrin, in his paper read before the Society of Arts (November, 
1864), he says :—'" In this estimate we must however, take into 


. (6) 
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consideration the circumstances under which the results were 
obtained, as only two or three rivets came within the reach of 
experiment; and, again, looking at the increase of strength 
which might be gained by having a greater number of rivets in 
combination, and the sion of the two surfaces in contact, 
which in the rivet-joints compressed by machine is considerable, 
we may fairly assume the following relative strengths as the 
the value of plates with their rivetted joints :— 
Taking the strength of the plateat . . . . 100 
The strength of the single rivetted joint will be 56.” 
Now we find, by equation (6), for all prac‘ical purposes, ғ and 
n are so nearly equal that they may be neglected, and that 


P—d=t с. dra erbe cem xa buc) 
Then we have 100:66:: P:P—d. But it has been shown that 


the area (a) of the rivet must enter into the calculation, and if 
we substitute the equivalent of P—d from (7) we get— 


100:66::P:7. 


SPP $ ............ 6 
which for }in. plates and 2 in, rivets gives— 

р==1:7857-407 -і5 Таш ..... (F) 
Or substituting the value “7854 43 for а in (8), we have— 

РА uon won aos oe тт 2200 


This expression for the distance of the rivets is therefore 
deduced from Mr. Fairbairn’s estimate ofthe whole of his expe- 
riments, and gives values differing from Mr. Fairbairn’s table, 
given in his paper, and before quoted. 

Now Mr. Fairbairn gives distances for rivets which, he states, 
he finds the best in practice, yet at the same time they do not 
agree with his deductions from experiments. 

Хо опе will doubt the importance of having the shells of 
boilers made of the strongest possible construction. 

When the Де лада joint із used, and the thickness of 
the plates and diameter of rivets given, we have seen that the 
true pitch of the rivets is given sufficiently near for practical 

urposes by equation (6), and also again as deduced Mr. 
ырын estimate of his own experiments by equation (9). 

A table, giving the pitch and diameter of the rivets, and the 
thickness of plates, will be found below, containing the results 
of both these investigations. 


II. 

ness ; Pitch of the | Pitch of the 
of the plates | of theriveta | ^ rho ^ | "etaim | rivela in 

in inches. in inches. | in inches. Equation (6) | Equation (9) 

t d a p^ +4 le 
12135 $ =5 "1963 1:2854 1:4025 
y, = "3195 | $ = 605 -3068 16067 1:7528 
$ = ‘375 i = 76 "4417 19278 2-1033 
1425-4375 | $ = 76 "4417 1:7596 1:8031 
* = ‘4375 | 13 = 8125 "5185 1:9976 21159 
EX] $ = 35 :4417 1:6334 15774 
1-25 12 = 8195 “5185 1:8496 1:8513 
+ = 55 = "875 “6013 2-0776 2 1471 
ys = 5626 | 13 = 8125 *5185 17343 1:6465 
Ts = 5626 | $ = 876 “6013 19439 1:9086 
В. = 5626 | $4 = "9375 “6998 2:1647 2:1910 
$ = -625 | 1$ 9375 *6903 2:0420 19729 
Ф = 696 | = 1 "7854 9:2566 9:2436 


The fourth column of the last table seems to be entirely trust- 
werthy as to the pitch of the rivets, since the relations of the 
strains are more uniform than would be the case if the formula 
of the last column was used. Where the holes are punched 
their mean diameter should be taken in fixing the pitch, as the 
taper of the hole, reduces the area of the metal between the 
rivet holes, and it is only necessary to increase the pitch by the 
amount the mean diameter exceeds the diameter of the punch. 
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Ав double-rivetted joints are made up of two parallel rows of 
rivets, we have to determino first the distance from centre to 
centre of rivets measured along the rows, and secondly, the dis- 
tance between the centres of the two parallel rows of rivets. 

Mr. Fairbairn gives the pitch or distance between the centres of 
the rivets for double-rivetted joints the same as for single-rivet- 
ted joints, but that distance, the writer presumes, is measured 
diagonally from one row of rivets to the other, so as to form two 
rivets in one row and onc in the other into an isosceles triangle, 
and the distance apart of the two rows of rivets can only be 
determined by knowing that the lap for double-rivetted joints is 
to be one and three-quarter times the lap ofa single-rivetted 
joint, and placing the two rows of rivets at the same distance 
from the age of the plate as for single-rivetted joints. 

Now, if we so place the two rows of rivets that they shall form 
a number of isosceles triangles, they will, when measured 
Diagonal, and having equal distances apart, have the following 
values. 

Make P equal the hitch of the rivets in each row as before, 
and D the distance they are apart, measured diagonally, and D 
the distance between the two rows of rivets ; and all the other 
values the same as before, then 

(P—4)t 
represents the sectional area of the plate between the rivet holes 
in each row of rivets, and 

Р—ды ... .. .. 4. . e (10) 
the force required to tear that section asunder. 

The rivets to be sheared across by the forco that would tear 
the last-named section asunder are two in number, and this 
force is represented by 

DU ысы” ыс nen hen oe es cae, xe ee це) 
and as before, in the case of single-rivetted joints, the values іп- 
dicated by (10) and (11) must be equal; that is, 

(P—d)tinz2as5 rr (12) 
But it has since been shown before that s and n are equal ; hence 

P= За Td Әс dae, 9 (13) 
the distance the rivets ought to be apart to ensure the strongest 
and most economical structure. 


The sectional area of the plates between the rivet holes, taken 
agonal yr аоссаше to the principles of stress, need not be 


greater half that of the plate between the rivets of each 
row; that is, 
Therefore, 

в. 2 2o 09 


and by substituting the value of P from (13) into that of (14) 
we get— 


Ве Eda ue e er moa vee (15) 


If we make the distance between the two rows of rivets one 
half the distance of the pitch of the rivets measured longitudi- 
nally, we shall get D rather in excess of the above value (15), 
and approximate very closcly to the experimental form with 
double-rivetted joint made by Mr. Fairbairn. 

The Table I. applies equally to double and single-rivetted 
joints, since Mr. Fairbairn gives the pitch of the rivets the same 
for one as the other, although it is difficult to see why, since 
the strength of the double-rivetted joint depends entirely on the 

roper proportion of the pitch of the rivets in each row to the 
Я eter of the rivets and the thickness of the plates, and not 
on the distance between the two rows of rivets, or the diagonal 
distance of those rivets, so long as the last two distances are not 
so smallas to cause the plates to be torn or sheared asunder 
diagonally. Any excess above these distances only adds to the 
cost and re t of the structure, without increasing its efficiency. 

In Table II. the fourth column gives the pitch of the rivets 
for double-rivetted joints, and by comparing equation (6), from 
which that column is computed, with equation (18) for double 


rivetted joints, we find that it is only necessary to add 5 to the 


values of P in the table, in order to obtain the correct pitch of 
the rivets for double-rivetted joints. 
Taking experiments Nos. 38 and 39, Table X. of Mr. Fairbairn’s 
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experiments on double-rivetting, as the most conclusive, we find 
that the thickness of the plates are “22, the diameter of the 
rivets three-eighths = "975, the breadth of the plates 3:125 in., 
the mean breaking weight 23,707 1Ъ., fracture taking place across 
the rivet holes A, B. 

In these experiments there are five rivets to shear across, and 
the sectional ‘area of the plate, deducting the rivet holes across 
А, B, should equal the ares of the five rivets, that is, 

711044 x 5 = 6622, 
and ‘5522 -- 22 + 8 d = the width of the plate to be of the 
strongest form, d being the diameter of the rivets, from which 
we get 3:635 in. аз the width of the plate, whereas Ше experi- 
mental plate was only 3:125 in. 

Now, to have been in accordance with double-rivetted joints as 
used in practice, the experiment should have been on six or any 
other even number of rivets, if the object be to determine the 
distance or pitch of the rivets. As an example, take the shell of 
a steam boiler, the direction of the rivets passing round the 
shells is shown at a b, and the double or longitudinal rivets at 
с d. The distance of the rivets in each row of the double-rivet- 
ted joint will then be given by the equation (13) as before 
stated. 

In circular steam boilers with two flucs, the strain on the 
rivetted jointa is very variable, for whilst the joints that run 
parallel to Ше axis of the shell have a strain upon them of three 
units, the joints that pass around the circumference of the shell 
have only a strain of one unit upon them; hence this class of 
boilers should have the longitudinal joints double rivetted, and 
the other single rivetted, when, owing to the ring of rivets passing 
round the boiler on each edge of every sct of plates, and the 
double-rivetted longitudinal joints, the boiler would be as strong 
with this combination as if the whole were made of solid rings 
of plates, providing the plates are not made too wide. 

The common practice of boiler makers in Lancashire and 
Yorkshire is to use two inch pitch and three-quarter rivets, 
whether the plates be three-eighths, seven-sixteenths, or one- 
half inch, which cannot be too much condemned; yet we find 
chief-engineers of boiler associations stating that this is the 
correct method of constructing steam boiler rivetted joints, 
although experiments decide to the contrary. 


-----Ф- 


THE ARCHITECTURAL ASSOCIATION. 


Тнів Society commenced its 26th session on the 26th ult., 
under the Presidency of Mr. Robert W. Edis, A.R.I.B.A., 
who also filled the Presidential chair during last year. The 
meeting was numerously attended, в conversazione forming а 
part of the evening’s engagements, but the principal business 
of the evening was the delivery of thc President's valuable 
inaugural address, which will be found reported in another part 
of this month’s number of this Journal. 

We аге glad to draw attention to the very excellent syllabus 
of papers to be read during the Session 1866-7, which the Council 
has been enabled to issue,. containing as it does, many subjects 
of the greatest practical value to the architectural student, and 
which will be treated by men, several of whom have long been 
well known for their distinguished attainments in connection with 
architectural art. 

The committee express their great satisfaction in observing 
the continued increase in the number of members of the Sotiety, 
which affords proof of its utility, and supplies the means of in- 
creased usefulness. The list of members now numbers 333, 
against 280 and 245 in the last and preceding years respectively. 
The number of architects in practice who belong to the associa- 
tion and take part in its business is considerable, but -the 
members generally are students, and it is from this class chiefl 
that new members are expected to be obtained. For their 
information, therefore, the committee set forth some of the 
advantages of membership, and express their wish for a still 
larger addition of that class for whose benefit the association 
was founded and now exists. The ordinary meetings of members 
are held on alternate Friday evenings, when papers upon archi- 
tectural questions are re: In the discussions which follow, 
all members are encouraged to join, and it is to be desired that 
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this favourable opportenity of acquiring the power of publio 
speaking were more generally used. 

The Vice-Presidents are Messrs. R. Phené Spiers, and Edward 
J. Tarver, and the Committee for the session now commencing 
are Messrs. G. H. Birch; J. S. Edmeston; E. B. Ferry; 
H. L. Florence; E. Lee; C. H. F. Lewis; W. Longsdale; 
J. T. Perry; L. C. Riddett; and L. W. Ridge; Hon. Treasurer, 
Mr. J. D. Mathews; Hon. Secretaries, Messrs. J. D. Mathews 
and Rowland Plumbe. 

Students of architecture іп the metropolis would do well to 
avail themselves of the opportunities for improvement which are 
placed within their reach ty this Society, which has proved of 
great benefit to those who 5 become members. 


------т- 
NEUMEYER’S NEW POWDER FOR GUNS AND 
BLASTING. 


THE new powder discovered by Herr G. A, Neumeyer, a 
manager of stone quarries at Taucha, near Leipzig, is said (Berg- 
und hüttenmünnische Zeitung, No 36, 1866, p. 309) to possess 
the following properties :— 


1. The powder burns, but does not explode if the air has 
access. 

To prove this the following experiments were made last year 
at Altenburg, in presence of the Town Council: 

(а.) An earthenware drain pipe, about 11 inches long and 4j 
inches internal diameter, was placed upon a brick and buried in 
the ground for two-thirds of its length; it was then filled with 
about 4jlbs of Neumeyer's powder, and this lighted. The 
powder burnt quietly, merely sending up along flame. After 
the experiment the dran pipe was found to be quite uninjured. 

(b.) А conical earthenware tube, 15} inches high and inches 
in diameter at the bottom, and rather more than 1 inch at the 
top, was buried in the ground for two-thirds of its height, and 

ed up to the mouth with about llb. 6 oz. of Neumeyer's 
powder. On being lighted, the powder burnt somewhat quicker 
than in experiment (a), but the vessel was uninjured. 

(c.) An earthenware bottle, with a large body and Man small 
neck, was filled with 1 lb. 10 oz. of Neumeyer's powder. It 
burns very quickly, giving a long flame; the upper of the 
vessel broke off in consequence of the great heat, and fell down 
by the lower part. 

Ав counterproof, а similar but smaller vessel was filled with 
about 902. of ordinar wder ; it exploded with a loud report, 
and the vessel was broken into numberless fragments, which 
were scattered about for a great distance. ў ` 

(d.) A very instructive experiment was performed with an 
iron pon arre 2 feet long and 3 inch in diameter. The barrel 
was filled up to Ше muzzle with Neumeyer's powder, and this 
was lighted through the touch-hole. The poner burnt, sending 
out a curved flame throngh the touch-hole, and it was only the 
last portions that were projected in a small flame from the muzzle. 

On the 27th November, 1865, the following experiment was 
made in a quarry at Taucha, and shortly afterwards it was re- 
peated before a large assembly at Altenburg. A small house 
was built, 4 feet 8 inches high, 2 feet 6 inches long, and 2 feet 6 
inches deep, the walls being 5j inches thick. In front an open- 
ing for a door was left, 11 inches square, and at each gable end 
there was a window 31 inches square, closed with thin boards. 
A wooden box with 331bs. of Neumeyer's powder was put in 
through the opening for the door, which was then closed with a 
piece of sheet iron. The powder was ignited by a fuse; it burnt 
without making any impression on the house, and even the 
wooden box retained its shape, being merely charred. To show 
the contrast with ordinary gunpowder, a pound of this, loose, as 
in the previous case, was put in the little house. On its being 
ignited, the house was shivered into pieces. 


2. Neither pressure nor percussion will cause it to ignite. 

3. Its explosive force is equal to that of ordinary powder or 
even greater. 

4. It leaves behind less residue than ordinary powder. 

5. It does not attract more moisture from the atmosphere 
than ordinary powder. 

6. It leaves behind less powder-smoke than ordinary powder. 
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Its smoke, however, is light, disappears quickly, and has no in- 
jurious effect on the health of the workmen. 

7. Itis cheaper than ordinary powder in the proportion of 
30 to 31. The prices by weight are the same, but as it has been 
found а ы grains of НЫ bere the pane explosive 
огсе as 79 ins of ordi wder; the above proportion 
may easily be deduced: m а 

tt appears that Neumeyer's powder is as strong as ordi 
pomora in spaces that are made as far as possible air-tight, 

ut that when Ше air has access it burns without exploding. 
Herr Wohlfahrt, inspector of mines in the Duchy of Saxe Alten- 
burg, adds the following КЕНДЕ words to Herr Хешпеуегв 
реве --І must really call Herr Neumeyer’s discovery a 

leasing for mankind when I look at the frightful accidents 
caused by explosions, which recur year after year in all quarters 
of the globe. I need only recall the great explosions at 
Mayence and Erith, and that which happened lately in the 
laboratory of M. Aubin in Paris. All imaginable precautions, 
the strictest regulations, and the most expensive arrangements 
for transport and storing, do not strengthen the thread by which 
the life of those who have to do with gunpowder must always 
hang. How many soldiers are killed in battle when an 
ammunition waggon explodes, and how much greater із 
the disaster when the powder magazine explodes on board a 
man-of-war! All these disasters in war and in peace will be 
avoided by the use of Reumeyer's powder. Accidentally ignited 
jt will burn out quietly, whether in a massive tower, in ammu- 
nition waggons, or on board ship, but will not explode. 
It will at most lift up the valves which should be fixed to the 
cases, and probably will not cause the fire to extend to other 
combustible matenals, for I expect it will have a similar effect 
to Bucher's fire extinguishers. Just as the spectators stood 
only five paoe from the little house when 33 lbs. were burning, 
во one will be in perfect safety at a short distance when several 
tons are lighted.’ 


—— 


ARCHITECTURAL ASSOCIATION.—OPENING 
ADDRESS SESSION 1866-67. 


Вт Вовквт Wu. Epis, A.R.I.B.A., PRESIDENT. 


ANOTHER year has brought us again together, and once more 
I have the honour of coming before you, as your President, to 
address you at the commencement of the new session. When 
I addressed you last year, I did not expect so soon again to have 
the pleasure of doing so; and, highly as I estimate the honour 
of re-election as your President, it is, at the same time, a source 
of much gratification to me, as a proof of your esteem and 
approval during my last year of office. 
starting upon our twenty-fifth year, I must again congratu- 
late this Association upon its continued and increased success. 
I believe that each year we have been making ourselves more 
useful to each other, and gaining increased influence abroad, and 
I'think there can be no doubt that, if properly managed, our 
Association should become one of the most important societies of 
the kind in London; for, remember, we clash with none; we 
hold with all proper respect the Royal Institute, of which very 
many of us are members ; but we have belonging to us a variety 
of essentially useful classes, which, I believe, are peculiar to 
our society, and I cannot attach too much importance to their 
usefulness, for, without doubt, they encourage and foster a 
spirit of work and friendly competition, give room for the inter- 
change of friendly opinions, and are the means to many of us of 
forming acquaintances which, depend upon it, we none of 
us regret in afterlife; for, as th have always urged, the more 
young architects know of each other, and the more they work 
together in anity; tapaan ly in those things pertaining to their 
art, the better it will be for them, and the more pleasant will be 
their after business intercourse; and remember, too, that the 
Architectural Association, as the younger society, becomes the 
nucleus of what must needs be the future generation of archi- 
tects. I сап only hope that our members will yearly increase, 
as they have done during the last few years, our numbers being 
now nearly 350, for I believe, in these days of societies, unions, 
and amalgamations, the more we as a body cling together, the 
stronger and the more able shall we be to assert our own, and to 
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raise the profession to which we have the privilege of belong- 
ing. Our funds are in а prosperous state, and the attendances 
at the usual fortnightly meetings, as well as at the various 
classes, with one exception, have been good and increasing. The 
class of design has been most satisfactorily attended, and to judge 
by the sketches, the progress therein in the designing portion of 
the work has been equal to the numerical increase. we owe our 
best thanks to several of the senior members of the profession 
and of various art trades, who have come forward to help us, by 
giving us valuable papers, embodying the results of their more 
matured experience in the practical working of our profession. 
I am glad that we are able to lay before you an equally good 
programme for this session. One great benefit to members of 
such an association аз ours lies in the classes belonging to it, 
and that it gives them also the opportunity of forming separate 
classes for various subjects if they please: as an instance of this 
I may mention the water-colour class, which has been in every 
way successful. The figure-drawing class I consider as one of 
the most important classes of this society, and I cannot but 
regret that it is not more numerously attended, for the man who 
wishes to understand, and to work in, the art accessories of our 

rofession, such as sculpture, painting, and stained glass, cannot 
A во without he himself has a good and thorough knowledge of 
the human figure. Our best thanks are due to Mr. Poynter, 
our late teacher—who, I am sorry to say, has resigned, from 
press of other work—and also to Mr. Tarver and Mr. Ferry, 
the honorary secretaries. This year the class has made а new 
start, under the secretaryship of Mr. Lewes, whose name I 
have only to mention to make the Association feel that under the 
care of one of its most energetic and constant members, the class 
will not suffer. It has been decided to continue the class at the 
same rooms—those of the School of Art, in the Portland-road— 
and I urge you, gentlemen, not to lose the и of joining 
this really Slabi class, for, to quote Mr. Scott, “The human 
figure is the most delicate and subtle, in an artistic point of 
view, of all natural objects; and its study is consequently the 
best training for the eye to a delicate appreciation of beauty. 
It is the highest of the works of creation, and its introduction 
in artistic works of whatever kind must necessarily give them a 
tone which no other object can impart, and I am qa convinced 
that the general training of our architectural students to figure- 
drawing would alone work а reformation in our architecture.” 
One class in our Association has been given up, unwisely, as I 
think, for even if the express object of it be more or less a 
failure, yet it is eminently a most useful one, and I hope to see 
it ere long revived, even if it have to be re-christened. The 
class I refer to is the “ Voluntary Examination Class.” The 
subject of architectural examination seems to me a most serious 
one, and, although the Institute has considerably modified its 
rules to meet the wishes of the Association, yet, practically 
speaking, I believe the scheme, as it now stands, is essentially 
a failure, and is likely to continue so, unless some very radical 
alteration be made therein. 

There is а continual outery by newspaper critics at the want of 
character and the want of ‘design, and ofttimes worse than this, 
of many of the new buildings of the present day, but how a good 
design is to be got without a proper art education, any more 
than good sound law, or good medical advice, without proper 
legal or medical educations, I am at a loss to understand. 
Before entering into an architect's office the embryo pupil should, 
I think, have gone through a course of preliminary study, so as 
to give him some foundation for office work, instead of, as now, 
being often drafted direct from school, ignorant probably of the 
very rudiments of the history and learning of architecture, and 
Ма санг ире nothing about the use of T squares, ог set squares, 
or instruments of any kind. Mr. Scott says “The architect of 
the future must be himself the leader and director of the artists 
he employs, and if he desire to remedy their defects, he must 
take the lead by making himself master of the subject,” and 
nothing but a sound artistic training independent of the necessary 

ractical as well as art work of an office can effect this; for how 
is it possible to base anything on ignorance, and how can you 
expect good work from men who have never had a good art 
education. The sooner we can have а compulsory, nota voluntary 
examination, the better will it be for us, and the better for the 
public. We shall not then have the great number of quacks and 
speculative builders, usurping the title of architects, and setting 
up buildings here, there, and everywhere, to the detriment of 
educated professional men, and public taste. Carpenters, 
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joiners, auctioneers, and builders will no longer be able to add 
* Architect" to their sign boards and card plates, and the status 
of the profession would be raised in every way, and I hope that 
this Association will not let this matter of education and com- 
pulsory examination fall to the ground, but will earnestly con- 
sider what steps can with propriety and advantage be taken 
towards accomplishing this important object. To the Builder 
and other professional journals we owe our best thanks for the 
continual exposure of the present quack and sham systems, and 
І hope we shall have their assistance in mooting this important 
matter. 

І сап only regret that the competition for the prizes offered 
by the Association and by the friends of the Society has been, 
ры with regard to the essays, exceedingly limited. 

erhaps the members of the Association wish to show, by their 
not going in very much for these matters, that they disbelieve 
in the whole system of competition. Certainly I should not at 
all wonder if е did so, for without doubt the present system 
is as bad as it possibly can be, and herein there needs some very 
great reform. Tho pages of the Builder are continually teem- 
ing with letters and articles about the unfairness of these com- 
petitions, and making all due allowance for the rejected addresses, 
there can be no doubt that most competitions in England are 
managed in a very unfair manner. I make no exception, for no 
greater slight can be cast on avery large majority of our pro- 
fession than has been done in the selection of competitors for the 
new Palace of Justice, and the new National Gallery com- 
petitions. The work should have been given to any one 
architect that the powers that be might have selected, or both 
the competitions should have been thrown open to all English 
architects. When the Government thus slights the profession, 
we can kardiy expect other people to think very well of us. In 
most cases, the remedy lies in your hands, for, so long as archi- 
tects will be found ready to send in drawings to people, who 
offer perhaps half the proper commission, and to merge the 
premium into that (even supposing you are allowed to carry out 


the works), or else offer premiums barely sufficient to pay for 
the paper and strainers on which the designs are e and 
mounted, so long will the present degrading system prevail; 


until architects let the public know that they are not tradesmen, 
and refuse to send in designs, under the too often unfair, unjust, 
and insulting instructions and conditions, not till then s we 
be able to hope for any reform in this matter, and while under 
the present régime, some architects are tradesmen, and some 
tradesmen architects, at least according to their self-adopted 
titles, I cannot see that we can hope to effect any material change. 
I do not think we can look back to the late competitions for the 
Foreign and War Offices, and for the late Prince Consort’s 
Memorial, although the former was an open one, with any great 
amount of satisfaction, for, as regards the first, the matter be- 
came after alla question of Ministry, and those to whom the first 
prizes were awarded, became the happy possessors of a sum of 
money about sufficient to cover the expenses of making the 
designs, but as to carrying out the work, it was not given to 
them, and they were left to muse on the vanity of all earthly 
things, and more especially of Governmental competitions. 

One of the fairest competitions that I have heard of lately, 
and one from which our Government and committees of all kin 
may take a lesson; was that for the French Opera House at 
Paris. The competition was thrown open to all the world, at 
least certainly to all Frenchmen, and after the drawings were 
sent in (mind not before), a committee was appointed, consisting 
of well-known architects, scientific men, and others, who were 
learned especially in the requirements necessary for such a 
building: firstly, the members were reduced to about thirty, by 
carefully eliminating all those drawings which did not essentially 
and carefully adhere to the conditions made out for the com- 
peting architects: then again the number was reduced to the 
number of the prizes offercd, namely, five, and the order in which 
these prizes were awarded was determined by the vote of the 
committee; then these five prize holders were asked to furnish 
new designs, embodying various alterations and improvements, 
which the committee megosted, and they were allowed to alter 
and improve their old plans in any way they thought fit, or to 
make new ones; a certain sum being awarded to each man for 
this second competition: after this, one design was chosen, again 
by vote, out of the five, and to the author of this was entrusted 

e carrying out of the work; and the proof that the best man 
was chosen, is that the selected architect was a comparatively 
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young man, M. Garnier, and that his design had both times been 
voted the best; and it is mereover worthy of notice, as an in- 
stance of the great superiority of the French art educational 
system over our own, that all the five prizemen in this great 
competition were “Grand Prix” men. If only the Government 
and the public could be brought to see the immense advantage 
to them of having open competitions such as this, and of award- 
ing fairly and honestly the prizes to the best men, then might 
we see nobler and better buildings, but while everything is as 
now, more or less ni by interest and favoritism in great 
things as well as in small ones, we cannot wonder that the result 
is ofttimes anything but satisfactory. То Mr. Beresford Hope, 
and Mr. Tite, the thanks of the profession are especially 
due for their late endeavours in the House to awaken Par- 
liament to а sense of the great unfairness of their proceedings 
as regards the two large competitions in hand, and we can 
only regret that their exertions did not meet with more 
success; although to them, I think. may be attributed the en- 
Jacgeraont of the list for both competitions. 
think there is much nonsense talked about Gothic and 

Classic, & vast amount of pedantry of learning put forth, when 
m le talk of modern buildings being 13th or 14th century 

thic, or composite, or Ionic, or Greek, or Roman, generally 
rendered under the terms Gothic and Classic. Why are we to 
design nothing but 13th century churches or houses, or classic 
temples and mansious? Shall future generations speak of our 
art century, as one of imitation Gothic palaces or Classic temples, 
with just such an amount of individuslity as shall have ruined 
the 13th centuryness or Greek templeness of them. For long 
years our art has been impelled more by fashion than aught else, 
and just so much as the knowledge of that fashion has been good 
or bad, so have the buildings been good or bad. From the 
time when, at the end of the 16th century, real Gothic 
work declined in England, and when, consequent in part 
on the diffusion of learning by means of printing, and the en- 
couragement given to Italian architects by Henry the Eighth 
classic designs became the fashion of the court; "Put even then 
our early prejudices cropped up, and clung to the old rather than 
the new style, and so forced on in great measure, that confound- 
ing of Classic and Gothio which gave birth to Tudor, Eliza- 
bethan, and Renaissance. But the architects of that time were 
like the people of two faiths, not quite certain which to follow, 
and so compromised the matter by believing a little in each, and 
in the piebald language оѓ Hudibras, 

* "T was English cut on Greek and Latin 
Like fustian heretofore on вайп.” 

And classic forms were plastered over with Gothio, and became 
at once a diseased fashion, and barbarous mixture. Regular 
columns were embroidered all over with ornaments and foliage, 
neither Greek nor Gothic, and frontispieces, fagades and chim- 
neys gloried in the attributes of two faiths, and lost all grace, by 
wanting simplicity ; and so, while the pedigree and cognizance 
of each happy founder of a mansion were worked about the 
building in all the flimsy variety of painted plaster, the grandeur 
and simplicity of either original was lost. Then came Inigo Jones, 
that marvellous designerof classicbarns,and mountebank mosques, 
who wandered, and drew through Italy, until nought but rigid 
Italian and classic would suit him; and good honest cockney 
and citizen as he was, he left his country’s art, to bring into 
fashion by a single stride, the Greek and Italian palaces and 
- mansions; and the age which had honoured Holbein, who only 
ventured upon a sort of classic inoculation, in great measure 
succumbed to the Greek and Koman lore of Inigo Jones. But, 
alas, for Jones, the purse strings of the nation did not open to 
the splendid ideas of King James and his architect, and White- 
hall remains to us now as an instance of architectural failure in 
those days, and algo as в lasting monument of one of the cleverest 
architects England has ever produced. But soon a spirit was 
waxing strong, which set its strength against pomps of all kinds, 
and alike incensed against Church and State, resolved to reform 
the Jand from the palace to the hut, and the learning and in- 
ventions of the architect, alike with the art of the sculptor and 
the painter, and the mummery of the mosques were considered 
superfluous and profane, and the Puritans regarded Jones with 
anything but favor. These good people preferred, theoretically, 
the dust and ashes of humility in building, as in all else, rather 
than the splendour of architectural magnificence, and Jones’ 
glory departed. 

Then came Christopher Wren, that marvellous gentleman 
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learned in most things besides his art, who has shown us what 
love for his work could do, and who has left to England one of 
her most magnificent buildings, St. Paul's, which, however, 
much we may regret that it should be based on foreign learning, 
never fails to impress the minds of each and all with admiration 
at its charming unity and zaendicent proportion; and the man 
who, while confessedly working out in all his works the 
principles of Roman and Greek architecture, has left us 

t. Paul's and Greenwich Hospital, besides the host of churches 
scattered everywhere in this great city, was no common man, 
and to him in & measure we owe the fashion of pillars and 
columns, vast porticos, and domes. 

Then came Тарыны Gibbs, Kent, Burlington, Stewart, and 
Chambers, all more or less following in the footsteps of Jones 
and Wren, but none equal to them. Then that wonderful age 
of mawkish uncertainty, and Batty Langley Gothic, that age of 
plainness and ugliness, which Gower-street, Wimpole-street, 
and other streets so well exemplify ; until last came in a grand 
revival upon this, and gaudiness and vulgarity, in the shape of 
hosts of plastered abominations, recoco ornaments, and sham en- 
richments, succeeded upon what was at least, if plain, unobtra- 
sive; and in our day and generation we have to look ss 
street after street of plaster commonplace, and line after li 
of sham cornices and sham decoration, until our city has become 
в city of sham and unreality, a city that one year seems prema- 
turely black with age, until suddenly it bursts out one fine 
morning into all the glory of triennial whitewash, and shines 
for a time in borrowed plumes and unreal misery. 

Briefly such has been the history of architecture for the last 
two centuries and a half, and ually this learned pedantry, 
puerile in its very absurdity, inasmuch as it has sought to 
teach us that the art of the Romans was to be the art of a 
nation whose views, thoughts, and feelings, independent of the 
lapse of some 14 or 15 centuries, were totally different; and 
although no one can deny the great genius of the masters, such 
as Scasnozzi, Jones, Wren, and Chambers, who have left noble 
and magnificent works behind them, yet it would be insulting to 
all taste to assert that the style which has given to London the 
miserable monotony and boldness of Gower-street and Harley- 
street, or the pale unreality and commonplace of Belgravia, 
Pimlico, and Bayswater, and on the continent has been the 
father of such feeble monotonies as the Rue de Rivoli, and has 
in so many places substituted all that is vulgar, unreal, and 
frivolous, for true and good materials, and given the squareness 
and feebleness of successive rows of pilasters, square holes. and 
bracketted cornices, for the clustered doorway and traceried 
window, is aught but a vain and foolish pedantry, chimera-like 
in its very falsities, and hideous in its very monotony of design, 
if design it be at all. Classic, Italian, Renaissance, Palladian, 
or any other title you please to give it, it is still but the feeble 
and bad copy of a copied architecture, and can have no hold 
upon our hearts, and leaves us with nothing but the flims 
spectres of other mens’ works, and to muse why that fair an 
lovely work of our forefathers should be forsaken ; knowing as 
we do, that we have now only to follow it up, and with greater 
means and more appliances to ug d it; as it may be adapted 
either for the town or the country, for the cottage equally with 
the church, for the factory equally with the mansion; for man's 
requirements have varied but little, and are amongst the things 
that have been and will be again. Ы 

But in the midst of our regrets for the beauty that has been 

rofaned, there is no need to despond, as if the fountains of 
beauty were reserved in heaven, and flowed no more to us on 
earth ; no need to be always looking back till our heads are well 
nigh twisted off our ев why all our reverence, all our 
faith, for the past, as if the night were already come, in which 
no man can work, as if there were not a long du before us for 
effort in the cause of humanity, for progress in the cause of 
goodP But there has been, and is still much shaking amongst 
the bones, and our nineteenth century may yet retrieve itself, and 
leave at its fall something for future generations to be proud of. 

Notably amongst house architecture are the new buildings 
now being erected in Pimlico and Belgravia, on the Marquis of 
Westminster's estate, and their good honest stone and colored 
brick, and terra cotta decoration, are a vast improvement on the 
buildings they have replaced. Then again, wander through the 
city wherever you will, and you will everywhere sce good 
buildings of all fide A segues Сакра Дери place of the old сош- 
monplace structures that have preceded them. Amongst these 
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are the new auction mart, and the Venetian Gothic buildin 
adjoining the same, both by the same architect ; Messrs. Cunliff's 
and other new banks in Lombard.street; the immense piles 
of offices now being erected for the City Offices Company, and 
innumerable warehouses springing up in all directions, most of 
them at least worthy of attenticn for some individuality апа 
improvement in architectural design. Опе more especially, 
that lately erected by Mr. Burges, in Lower Thames-street, I 
would name, as exemplifying how much can be done, at a small 
expense, in good Gothic work. The new streets now being 
made by the Board of Works are opening up or destroying 
much that was old and ugly, and already in one of these are 
rising up large and magnificent buildings that bid fair to make 
it one of the finest streets in London. Whether it would be 
better for us if we were tied down іп а manner, like our neigh- 
bours across the channel, to a certain uniformity of design in 
our new streeta and public places, is a question that has more 
sides than one. Certainly I think we must admit that the mag- 
nificence of some of the modern boulevards and streets in Paris, 
and other large towns on the continent, is much enhanced by the 
comparative oneness and uniformity of the buildings. which may, 
perhaps, be somewhat monotonous, but which never lack, in my 
opinion, either refinement or grace in much of their design and 
proportion, and which will give to France of our day and time 
&nindividuality in its architecture, which, I fear, we shall not, 
or, at all events, have not yet attained to. 

Then again, there is the late Prince Consort’s Memorial in 
Hyde Park, the new Forcign and India offices, now fast 
approaching completion, the new theatre in Holborn, and many 
other public and private buildings too numerous to mention 
here. Whether in these great days of public companies, and 
public smashes, we are always to be liable to such hideous sights 
as that which is presented by the ruins of the commenced, but 
never finished Strand Hotel, or the hideous monstrosity of 
Leicester-square, is а question I suppose that time only will 
answer. One work especially we в some day be proud of, I 
mean the Thames Embankment, and those who live to see it 
and its accessories completed, will see the realization of one of 
the most important conceptions of modern times. 

It is somewhat curious to find that Wren, than whom no 
more grand conceiver of grand things ever lived, had in his mind 
the idea of something of the kind of work that is now going on; 
for to quote Allan Cunningham, who says in his life of this great 
man, that “ Бе had planned a long and broad wharf or quay by 
the waterside from old London Bridge to the Temple, where 
he designed to have arranged all the halls belonging to the 
several companies of the city, with proper warehouses for 
merchants between, to vary the edifices, and to make it at 
“once one of the most beautiful and useful ranges of structure 
in the world ; ” and now, after the lapse of more than 150 years, 
we are seeing this magnificent work actually in progress, on a 
scale more grand and more important than Wren could have 
thought of, even in his days of greatest royal favour. 

I am glad to say that a great stride is being taken in the im- 
роса of the dwellings for the por and thanks to Mr. 

eabody's noble gift, and the indefatigable exertions of such men 
ав Mr. Alderman Waterlow, Mr. Torrens, Mr. George Godwin, 
and others, large blocks of buildings are being erected in various 
parts of London, replete with every comfort and improvement; 
and too much importance cannot be attached to such a step ав 
this, which, by effecting the external comforts of the poor, by 
giving them better and more healthy homes, is likely to improve 
them morally, socially, and intellectually, and if manhood suf- 
frage is to be the order of the day, then pray God this im- 
Po may be entirely effected first. pi works of the 

olborn viaduct are proceeding rapidly under the energetic 
superintendence of Mr. Heywood, and when this great work 
and its attendant improvements are completed, I doubt not it 
will prove of immense convenience to the toiling wayfarers in 
this great city. 

The new stations and hotels at Charing Cross and Cannon 
street are all steps in the right direction, though perhaps а 
little less plaster, and a little more reality, might have been good, 
and ere long, I hope, we shall be able to compare favourably the 

igantic terminal stations of our city with those of Paris. 
he new Freemasons’ Hall, in Great Queen street, by 
Mr. Cockerell, is certainly one of the most noteworthy of the 
buildings of the year, and exemplifies how much can be done by 
an educated and refined taste in classic work, without making it 
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a mere copyism ; the symbolic figure carving, and the statuesque 
work, which are as good as can be produced, exemplify how much 
a building is improved by figure subjects. 

New bridges are spanning the Thames and our streets in all the 
glory of their practical straightliness. I suppose railway bridges 
must be ugly, the lines of wrought and cast iron are probably fallen 
on bad places, for certainly lattice girders and cast iron fronts are 
not the pleasantest things to look upon, and straight bridges 
rushing out of high houses, and interlacing bands of colored iron, 
and telegraph posts perched on the top of high roofs, like clothes 
props with their attendant lines, are not pleasant features in the 
city landscape, and it seems to me that one of the greatest things 
that the architects of the present day can do, is to throw into 
their works something of the asthetic and artistic as well as the 
practical element, and he who shall have designed a straight 
railway bridge with some art taste will have achieved a great art 
success, for it is the difficult things of design that call forth the 
genius and skill of the designer. May we hope that the day is 
yet to come, when useful things shall not be ugly things, and 
when even to railway bridges and telegraph posts something 
like artistic treatment shall be given; and let us hope that, 
ere long, our city may cease to be overrun and cut up by mon- 
strous И О of design, and gigantic monuments of 
ugliness, such as many of our great engineering works now are. 
But remember, you must have a thorough knowledge of the 
designs of those who have gone before you before you can hope 
to design well yourself ; you must be able to understand the 
faults and beauties of all work, and to appreciate in all styles 
that unity and harmony of parts which they essentially possess ; 
for even as until you thoroughly understand the idioms and 
roots of a language you cannot write or speak it well, so must 
you study in architecture, 

“Twining memories of old timo, 
With new virtues more sublime," 

for knowledge, not ignorance, must be the foundation of good 
work, and there is no better way of obtaining this knowledge 
than by continually and perseveringly sketching old work; 
steam and rail now-a-days enable you to wander where you 
will, and to make short or long holidays as you please in the 
midst of all that is beautiful and good in architectural work ; 
you need not leave our own country to sketch, bnt sketch, 
sketch, everywhere, and continually, and by doing so, you will 
acquire a knowledge of the principles that guided the old 
architects, and a direct training and culture of the eye to appre- 
ciate and understand the grace and beautiful proportion of their 
works, anda knowledge of what is right or wrong in architectural 
form and outline; always keep a note book in your pocket, and 
never lose an Li EARE of sketching ancient examples. Be 
sure you will find this a р occupation, as well аз а useful 
one: not to mention the having a collection of interesting 
mementos of the places and things you have scen. 

I can but ask you to look around our walls here to-night, to 
seo one of the most beautiful and interesting series of sketches 
that I have ever beheld, and to take a lesson from them of what 
may be done in sketching. Few, if any of us, can hope to excel 
in it, as our Vice-President, Mr. Spiers, to whose sketches I 
am referring, does; yet we may learn from him and from his 
oe what may be done by talent, perseverance, and hard 
work. 

In practice you will have to contend with many difficulties, to 
soothe and manage perverse and parsimonious clients, who 
probably are wanting barns when you are dreaming of palaces; 
opposing taste and obstinacy of a variety of forms and fashions 

meet you at every step, but you must not give way, for 
remember that you are called in to advise as to taste, and oft- 
times to correct and educate it, in fact; and that you will be a 
hundredfold more looked up to and respected afterwards, even 
by previously adverse clients, if you out your own care- 
fully formed opinions; and although I wish not here to raise 
any реше of the styles, still I would urge npon you to study 
well our old English work before you go away from it to follow 
in the ways of ancient classic examples, remembering always 
that it is endeared to us by the memory of a thousand years, 
aud that the many magnificent cathedrals and churches, and the 
great variety of domestico examples, from the POLARS to the 
mansion, all help to show that we are admirable Goths; while, 
with а few notable exceptions—St. Paul's, Whitehall, and 
Somerset House, to wit—the endless excesses of rococo and 
plaster abominations, in all the miserableness of their monotonous 
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unreality and meaningless vulgarity, help to teach us that we 
can never become good Greeks or Romans. Study well all 
works of all styles if you will; but be sure that what was 
adapted in either style to the requirements of centuries ago, will 
no more be пае in these days than the primitive garb of 
the Britons, or the fantastic costume of the mediævalists, for the 
dress of nineteenth century men and women. 

Learn well your art, think no labour too severe, and no 
knowledge worthless, but remember that if you imitate the 
ancient examples that you have studied, it should be, as Lord 
Aberdeen ва А “Not with the timid and servile hand of the 
copyist, but with a due regard to the changes of customs and 
manners, to the difference of climate, and the conditions of 
modern society.” 

It is not the details, or even the form of the edifice itself, how- 
ever perfect, which ought to influence us, * But we should rather 
strive to possess uires of the spirit and genius by which the 
old buildings were originally planned and directed, and to acquire 
those just principles of taste which are capable of general appli- 
cation." You will require to have an intimate knowledge of tho 
necessities and requirements of the buildings you design, 
whether it be for the large and costly mansion, the suburban 
villa of the city merchant, or the frugal cottage or farm home- 
stead. In the restoration of either ecclesiastical or domestic work, 
you will find a knowledge of archwology of much service, and 
your study of ancient examples most valuable and useful, for 
ps knowledge of the detail of old work will tell you what to 

eep and what to alter, what to avoid and what to restore; and 
it behoves you to bear in mind that the true and honest lover of 
his art will seek diligently in all cases to preserve, and not to 
destroy ; to restore the old rather than to make the new ; and, 
when called upon to add to ancient work, I believe that you should 
be fettered by no servile ideas of imitating it, but rather seek to 
individualize your own work, and, while so designing it that it 
shall not seem incongruous with the general building, but 
harmonize with it in its lines and proportions, yet s ou 
make it evident and apparent, both for the present as well as 
the future, that it 18 а building and addition of your own day 
and time. 

It is no merely fino figure to say that architecture, like poetry, 
lives for ever; for how cold and lifeless is all history, in com- 
pue with that whieh generation after generation writes in its 

uildings, and how many pages of doubtful story might well be 
often spared for a few stones piled one upon another. 

Work hard and honestly, carefully seek for the opinions of 
your fellow labourers, and respect them though they differ with 
yours ; remember that they are probably arrived at by an equal 
amount of study as that which you yourselves lave had, 
perbsps more, but each man will probably take a different view. 

osure as you work with all your might and with all your 
power in small things equally as in large ones, you will succeed, 
and gain the goodwill and esteem of the great арау of 
your fellow men. Steer clear of cliquism, believe not the false 

rophets who seek to fetter design and to keep it in one groove; 
Por so sure as you enter into the narrow circle of any particular 
clique, you will become not only artistically but socially con- 
tracted—artificial and false in your views of шеп and things. 
You will hear, also, some absurd nonsense about art-architects, 
as compared with architects who understand the surveying 
portion of their work. Any more absurd pedantry or fallacy 
than this can hardly be imagined, for it behoves an architect to 
understand not only how to design'an art work, but also how to 
carry through all the essentially practical and business parts of 
ib Non must understand not only how to design, but also how 
to build ; you must be able to write a specification carefully and 
well, so that it shall explain exactly all that is wanted for the 
construction of any building. In these days, when, particularly 
in large towns, stringent laws of light and air and building acts 
hold sway, you will have carefully to protect and watch over 
your client's interests, as regards any damage that is likely to 
accrue to him through the erection of nei boars buildings, 
and to know what Tisbility he will incur by erecting his own; 
for, be assured, if you know nothing of this, and only call your- 
self an art-architect, you will get very little work, for no client 
wil employ you unless you are able to guard him against 
pecuniary or other damage in sueh matters ; and it is not to be 
supposed that he will care to pay any one else to do what I hold 
is as essentially а part of an architect's practice as the шеге 
designing of the building. You will require to have the 
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Building Act at your finger's end, to know the laws and rights 
of light and air, and all the other minutia, which you will find, 
as you get into practice, are daily coming before you. 
owadays the light and air question is becoming а most im- 
portant one, and I think demands the serious consideration of 
the legislature, to make some alteration in the law thereof; for 
Gealy ou attempt to raise even іп а very small degree апу 
old building, or to re-erect it to any noair height, you are 
robably met on all sides by threats of injunctions, or actions 
Por damages, or demands for compensation; and although I 
admit that it would not be at all fair to seriously damage any of 
your neighbours by really detrimentally obstructing their light 
and air, yet the absurdly frivolous grounds on which buildings 
are stopped, and injunctions gained, cannot but seriously affect 
the chances of any improvements in large towns, and I therefore 
hope that, еге long, Government will step in with some new Act 
to lessen what is now becoming a very serious and ing 
evil; and, indeed, if something be not done to alter, not only 
the law of light and air, but also to revise and modify the 
Building Act, the improvement and rebuilding of London will 
have to come to a standstill. 

You will find also a knowledge of landscape gardening most 
useful, for every architect should at least be able to select the 
site which nature has made most appropriate for his building, 
and often he will be able to help nature by a judicious know- 
ledge of what views should be opened up, what trees should be 
felled, where to add water, where to add foliage. You must 
adapt your building in a measure so as to be in harmony with 
the surrounding accessories of site, and remember that a good 
building is too often ruined by injudicious selection of position, 
and its inappropriateness to the scenery which surrounds it. 

commencing practice, be sure always of one thing, that 
“а soft answer turneth away wrath," be civil, be courteous to 
all you have to meet, and whether in discussing the merits or 
demerits of your own or other men's works, let all criticism 
be given with fsirness and judgment; honesty and straight- 
forwardness in everything will gain the esteem of all, opponents 
аз well as friends—whatever you put your hand to, do it with 
thy might, make up your mind what is right and fair, and best 
for your client's interests, and swerve not from it, be honest on 
both sides, and you will find those under you respect you, and 
be content to abide always by your decision, knowing that they 
can rely upon your fairness, and. those above you will trust 
you, knowing that you will do them justice. 

А young architect has especial need to be careful in all that he 
does, and it is better to be known as а just nian amongst the many, 
than а sharp man with the few; we are allliable to mistakes, 
particularly in early practice, therefore be especially careful to 
ask and take the advice, if necessary, of those who have had 
more experience, but if you make & mistake, scek not to hide it 
under the stringency of a contract, but honestly confess it, and 
meet it in an equitable manner. 

Learn diligently, and study earnestly, but avoid all super- 
stitious reverence for old times and opinions, or pedantic 
adherence to routine, which is only too liable to lead you into 
opposing all new discoveries and increased appliances, and to lose 
the respect of all thinking people. Remember that you must 
always be students, learning always, studying always, looking 
always still further for new knowledge, for no profession demands 
more ready command of all knowledge, or clearness of con- 
ception, than your own work; and work wil be changed to 
interest, and interest to love, and love will lessen the difficulties 
and enhance the pleasures of your daily professional life, and 
enable you to overcome all the difficulties that may beset your 


path. : 

* Nihil difficile amanti." 
Let your work, then, be associative as well as earnest, to you will 
come the honour and the glory of guiding the hands that work 
with you, and of “leading forth mind after mind into fellow shi 
with your fancy, and association with your fame," and beyon 
all this, seek always that it may be said of your work by the 
generations yet to come, asit has been said of the work of the 
generations of the past, that it has a “distinct and indisputable 
glory, that the mighty walls were never raised but by men 
who loved and aided each other in their weakness; and that 
allthe interlacing strength of vaulted stone had its foundation 
npon the stronger arehes of manly fellowship, and all the 
changing grace of depressed or lifted pinnacle owed its cadence 
and completeness to sweeter symmetries of human soul.” 
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THE HYDRAULIC LIFT GRAVING DOCK.* 
Bx Егтік Сілвк, М. Inst., С.Е. 


(Concluded from page 293.) 


Мв. С.Р. Bropzn, Past President, said, it seemed that this discussion 
had arisen to a great extent from an expression in the Paper which was 
hardly consistent with the context. Не did not regret that expression, 
because it had given rise to am interesting discussion. The expression 
in tbe Paper was, that the system described was capable of universal 
application. Тһе more proper expression, perhaps, might have been 
extensive application. It was not в system, beautiful and perfect in its 
machinery as it was, which could be applied in every possible case. Не 
was designing а dock for the Indus upon a different plan, and there wore 
various conditions which ought to influence any engineer before he 
recommended its adoption. 

Some suspicion had been expreased that the expenditure on this dock, 
as stated in the Paper, was not altogether бота fide. That misapprehen- 
sion had evidently arisen from the fact that whereas the cost of the lift 
was stated in the Paper to havo been £88,000, somehow or other the 
capital of the company was very nearly approaching to £200,000. Now 
both these statements he took to be correct. It was undoubtedly the 
fact that this lift, with seven pontoons, could have been erected in the 
Victoria Docks for the sum stated ; it was also undoubtedly the fact that 
the Company had been involved in an expenditure of about $196,000. 
That expenditure had arisen from the circumstance that the Company 
had to pay for the land; they bad also to pay rores, and there was 
also the profit and loss. He did not think he ought to be called upon to 

ive the details of the figures, because in this Institution it had been 
Ба that engineers should restrict themselves to the mechanical depart- 
ment, leaving those who had to apply the machinery to do it in the most 
advantageous and economical way they could. Taking, therefore, the 
construction of ten acres of dock for the reception of the pontoons, the 
cost of the land, and the erection of stores, together with profit and loss, 
tho expenditure would have exceeded the £88,000 stated, by somewhere 
about $100,000. 

Now, then, he thought it had been explained why there had been such 
& heavy profit and loss account; and yet, ho was sorry to say, at this 
very hour there seemed to be still some disposition to give credenco to 
every idle rumour in respect of these works. It was suggested that to 
almost any ship that entered the dock some misadventure happencd— 
either she was twisted out of shape, or her coppor was damaged. But he 
confessed he was surprised to find it stated, at this late hour, that a 
vessel in the dock was cambered or hogged to the extent of 8 inches or 
9 inches, and that the vessel afterwards became depressed to a corres- 
ponding extent in the opposite direction. Не had asked the name of 
the vessel. No name was given, but this remarkable ciroumstance was 
said to have taken place upon one of four days. Those four days had 
been investigated, and it was proved that during two of those days no 
vessel was lifted; on one day a little vessel of 120 tons was lifted, and 
on the other a ship of 870 tons was lifted, and he could atate on behalf of 
the Dock Company that no complaint had ever been received by them 
in respect of any damage which those ships had sustained in the dock, 
nor, in fact, any others; on tbe contrary, vessel after vessel that had 
been there before came again to the dock. 

'There appeared to have been an impression that the Victoria Dock 
Company had established this system. They declined it, and it wasdone 
entirely by a private company. What would have been the cost of tbis 
system if the Dock Company had adopted it? The origin of this dock 
was owing to the fact that when the Victoria Docks were being made, 
he felt very strongly that а graving dock added to those docks would be 
found to be a useful auxiliary, and would tend to attract business. Не 
accordingly set to work to design a graving dock in the ordinary way. 
He tried wrought iron and cast iron, with brickwork, and every other 
possible material he could conceive to make a durable work; and he 
could not get any ono design to work out at less than £50,000 for a dock 
capable of taking in a vessel 320 ft. or 330 ft. long. lt wasobvious that 
would not pay. The Dock Company would not undertake it. Then he 
tried all manner of contrivances for floating vessels, and he hit upon 
that plan of close pontoons which accomplished the disaster mentioned 
ir connection with the London Docks, Не saw it had no stability, and 
he confessed himself defeated. It was then Mr, Clarke took up the 
subject and designed this lift. 

ow, if the Victoria Dock ит had established it, there would 
have been no occasion to have bought the 24 acres of land; there would 
have been no occasion to have made the dock in Ше manner in which it 
was made. All they would have had to do would have been to establish 
the dock during the progress of the works. That lift cost, with tho 
machinery, $30,000 at the most, But it was to bo borne in mind that 
this was tho first application of а new invention; and he did say that 
the fact of its being su successful, so that there had been no failure 
originating from the scheme itself from that time to this, was most remark- 
able. The late Mr. Rohert Stephenson, who took a great interest in 
this work, pecuniary as wellas personal, when discussing it with him, 
said, “ Depend upon it, there will be some scrious disaster at starting." 


* Head before the lustitution of Civil Engincers. 
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In the discussion, this new experiment had been compared with docks 
built on established data and on the exporience of years past; a new 
invention was compared with old and tried works. That was an clement 
to be taken in favour of this scheme. If the London or Victoria Dock 
Company had applied it, they would have had the lift, with all the 
appliances and machinery, for £30,000, and 812,000 more would have 
given them а pontoon capable of supporting a vessel of 3,000 tons. They 
would have had a graving dock for £40,000, or thereabouts, and more 
available than a graving dock of the ordinary form. They need not 
have had the pontoon to have gone off the lift P it they would have had 
a perfect graving dock for £40,000, occupying no more space than the 
vessel itself lying in dock. It had been stated that docks had been 
made in the beautiful stone at Birkenhead for £16,000 or £17,000 each, 
and that similar ones had been made at Falmouth. The cost of other 
kinds of docks at Sunderland and the Tyne had also been given. Tho 
three docks at Southampton were not made quite so choaply, having 
cost, including land, £150,000. But, at all eventa, for a sum of $40,000 
the Victoria Docks might have had a perfect graving dock ; for $12,000 
more there might have been two; and for a total outlay of $76,000, 
three; and nothing applied to the Victoria Docks could have been во 
useful or economical as the lift. But there wero situations wherc’ there 
was a higher lift of tide, where the soil was more favourable, and where 
the trade was not of the enormous character of the Thames, in which he 
thought this system should not be applied. All that was contended for 
in the Paper, and all that he contended for, was the perfection of the 
the invention as applied in the present instance, and that it was capable 
of extensive, though certainly not universal application. It had beon 
stated that four and a half hours werc occupied in the entire operation of 
lifting, though the lifting itself was effected in twenty-five minutes. He 
must be oxcused for saying there was а fallacy in that statement, becauso 
all the time tho blocks were being put in the lift need not be ocsupied. 
The moment the ship was lifted, the pontoon was floated off, and another 
pontoon could be brought on if necessary. The lift would raise about 
twelve vessels а дау. The last time he was there, the lifting of a vessel 
was just commenced. About two hours after he could see neither 

ntoon norship. It appeared that the ship was required to be examined 

у the surveyors of Lloyd's after sustaining an accident, and she was 
lifted, lowered again, and taken away; and the pontoon was ready for 
another ship in two hours, and the ship gone. Іп tho establishment of 
this lift, many of his friends had a pecuniary interest, as well as himself, 
But one thing they stipulated for, that they would havo no share what- 
ever in the Дер right of the invention, because, іп the first place, the 
principle of the thing was objectionable, and, in the next place, being 
engineers, it was not consistent with their position to recommend a thing 
in which they had a personal interest, 

He had only ono further remark to add: that he looked upon this as 
one of the greatest engineering feats of the last twenty years. That the 
system should have been brought so nearly to porfcction — worked with 
so much safety on a first experiment—was, to his mind, something mar- 
vellous; and when it was said it required judieious management to 
ensure the safety of vessels on the lift, he necd only state that upwards 
of a thousand ships had already been lifted with perfect safety, which 
showed, he thought, that the amount of judieious management required 
was not beyond what could be practically relied on. 

Mr. Giles explained that when he stated it took four and a half hours 
to got a vcssel on the pontoon, he did not intend to imply that it required 
that time to lift tho vessel, Не should be glad to hear what was tho 
greatest number of vessels lifted in one day. . 

Мг. J. Scott Russell said he thought it was the general opinion that 
the Author’s invention was a very admirable one; that all tbe mechanical 
arrangements were excellent; that the idea was remarkably original, and 
that it had beeu carried out in а most successful manner; but he thought 
the Author did it somewhat of injustice when he brought it before them, 
if he considered it was better than any other description of graving 
dock or floating dock, and that it was bettter than those inclined slips 
which were ibo used for repairing ships. They wero left to draw the 
inferenco that all other plans were cither very dear or very bad, and 
that the Author's plan was the best for repairing ships. He was of 
opinion that graving docks were in certain cireumstances better and 
more economical than the Hydraulic Lift Graving Dock, that floating 
docks, not of this description, were in somo circumstances more econo- 
mical and more applicable, and that what are called inclined slips were 
зырейог to the arrangement adopted by the Author. He should be sorry 
to say that the hydraulic lift was not the best thing that could have been 
invented under the special circumstances of the case. 

He would enumerate circumstances in which it appeared to him that 
the plan under ‘discussion did not possess во great merit as it might 
be inferred was attributed to it. 

Не submitted that where there wasa good risc and fall of tide, а shoro 
with deep water close inshore, a soil able to carry the weight of a ship, 
and not hard to work, good hydraulic lime, and building material cheap 
and ready at hand, an ordinary graving dock was cheaper in first cost 
and cheaper in working than this hydraulic lift. Engincora should con- 
sider well all such circumstances before they abandoned the graving 
dock. In discussing graving docks as graving docks, they should not 
compare а costly granite graving dock with-au economical arrangement, 
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such as they would make for a private builder. In a tideway, & dock 
could be easily made. Не recollected having a dock made for the repair 
of small ships, designed by the owners, to be done at small expense. In 
the yard, alongside the Thames, a space was excavated large enough for 
the size of ship to be repaired. Тһе bottom of that dock was gravel; it 
‘was not even lined with timber, and a simple pontoon floated in kept out 
the tide, and that was a graving dock of the simplest character, but of 
the most perfect possible description, Then they had the timber graving 
dock common amongst shipbuilders, and, finally, the dock lined with 
brick and granite. 

Where they had a gently sloping bank of good solid material shelving 
down continuously into deep water at an angle between 1 in 24 or 1 in 
50, or 1 in 60, the patent slip, as it was called, appeared to him better 
and cheaper than the hydraulic pontoon dock. Іп such a place they had 
nothing to do bnt lay down the ways and haul up the ship. If they 
chose simply to haul a ship up a wooden way, well greased, one twenty- 
fourth part of the weight of the ship would overcome the friction of the 
ways. Ifthey put the vessel upon rails, he need not say that one-fiftieth 
of the weight of the ship would overeome the resistance of the ways; 
and if the slope was up to 1 in 12, which was not the usual form of slip, 
& system of slips and carriages had been used, by which the ship was 
raised broadside out of the water. АП these were arrangements of which 
they had had ample experience, and when he told them that each of these 
plans of slips might be constructed to bring up a vessel of 3,000 tone at 
an expense in the way of capital of £2 per ton of the ship, it would be 
seen that that also was а very economical arrangement. With regard to 
а graving dock, it would cost a great deal moro: it might cost £5 per ton 
of the ship which it took in. 

The last arrangement of which they had the choice, independently of 
the Author, was the ordinary floating dock, and the question was raised, 
in what circumstances was the ordinary floating dock better than that 
under discussion? There was one point in common with the Hydraulic 
Lift Graving Dock and the ordinary flosting dock, and it consisted in 
the comparatively small depth and great breadth of the pontoon ; in the 
Authors he believed it was 6ft. deep by 60 ft. wide and 300 ft, long. 
The difference between this and some other floating docks, consisted not 
in this apparatus by which the ahip was carried, but in the machinery 
which raised and lowered her. The Author sank a series of cylinders, 
each containing a hydraulic ram, and the presses were connected with a 
platform, and by a steam engine and hydraulic apparatus, the platform 
was gradually lowered down into the water. After the platform was 
sunk under the water, no more force was necessary to lower and raise it, 
and therefore the machinery was simple, and had the least possible 
friction; but the moment he placed a vessel on the top of the pontoons, 
the cost and labour of raising up the ship out of the water was incurred, 
and for this purpose it was supported in various ingenious ways, which 
had been explained. In the ordinary floating dock, instead of the 
hydraulic apparatus being fastened to the ground, it was put on the top 
of the pontoon in the shape of a long parallel caisson of the same nature 
as that on which the ship floated, Then by admitting water into the 
longitudinal caissons, the pontoon was sunk below the vessel; tho water 

` was again pumped out of the longitudinal caissons, and the vessel was 
gradually raised. All that was necessary beyond this was to pump as 
much water out of the pontoon as was equal to the weight of the ship 
raised above the water. In a plan previously explained, instead of these 
pontoons being filled with water, the platform had been lowcred by 
screws, and a variety of inventions had been used for lowering the plat- 
form and for raising it, 

Ав regarded the Hydraulic Lift Graving Dock and the ordinary float- 
ing dock, the circumstances of position were, in his opinion, of more 
importanee than the mechanical arrangement. For example, where 
shallow water was ahundant, where an extensive area of sheltered water 
existed, where there were no tides, and where foundations were met 
with at no great depth under the water, the Author's invention was most 
applicable. But wherc a rocky coral shore existed, as at Bermuda, or a 
bad foundation and great depth of water, then the ordinary floating dock 
was the best arrangement, and for such a position the Author's was not 
а good arrangement. The former condition, favourable to the Author's 
arrangement, existed in the Victoria Docks. He urged that by far tho 
most valuable part of the hydraulic lift, on which he placed great weight, 
even more than the Autbor Limself did, consisted in the multitude of 
ships which could be floated in shallow water at comparatively small 
expense. The Author took, as it were. a single dock with Из appargtus, 
and by this single dock and apparatus he had incurred the greater part 
of the expense and outlay; for, by a simple method of detaching from 
this fixed apparatus the floating pontoon, he was able to multiply its 
usefulness, and to employ the same area for a great many ships, all of 
which had been lifted by the same apparatus. Therefore, the following 
were the special circumstances under which the invention might be 
exclusively and profitably used — where there was protected and deep 
water to form the dock, where there was not much rise and fall of tide, 
аці where it wasrequired occasionally to put into repair at the ваше 
time a large number of vessels in comparatively shallow water. There 
it would be most useful, and better than any other mode he had described 
or with which he was acquainted. 

Mr. Edwin Clarke said, before he replied to the various questions, he 
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begged to thank the Institution for the time which had been devoted to 
the discussion, and for the kind manner in which his Paper had been 
treated by all who had taken part in it. Не was glad to find that, 
although he had pointed out no less than nine features in which thia 
kind of dock possessed advantages over others, yet the principal point 
which had excited discussion had been the question of cost. 

With respect to the cost of these docks, some confusion had arisen, 
from the manner in which the subject had been treated. Throughout 
the discussion & dock had been spoken of as costing so much money, 
without regarding the dimensions of the dock. It would be as definite 
to speak of a ship costing a certain sum, without regard to her size, &c. 
It had been assumed that the dock he had made at the Victoria Docks 
was of a standard size, and that its cost was to be taken ns the price of 
such docks in general, and the whole discussion had been based on this 
assumption. It was stated that several docks at Birkenhead had been 
constructed at extremely low prices, in which respect those docks appeared 
to contrast very favourably with the lift, In other examples, such as 
those at Southampton and Bow Creek, tho advantage of the lift with 
respect to economy was frankly admitted. Now, Birkenhead was 
а locality purely exceptional. e site poesessed all those natural 
advantages which had been described as peculiarly favourable for an 
ordinary dock. The sandstone was easy to cut and work; it was free 
from fissures, and the stone itself, when cut out, was a valuable building 
material ; and in the excavation of a dock in such a situation, it was so 
valuable that he could scarcely understand why the dock should cost so 
much as was stated, because the quarrying ought to be sufficient to pay 
for it. Buch a dock was not a fair subject for comparison with this lift. 
It had, indeed, been stated that this lift had been erected in the Victoria 
Docks under circumstances offering some peculiar facilities. Не was 
anxious to disabuse the tnindsof the Members from any idea of the kind. 
Но had had the pleasure of designing eighteen or twenty docks in 
various situations, and he might say, of ай Ше number Шего was по 
situation which presented the difficulties which he encountered at the 
Victoria Docks. Не could hardly conceive a situation of ter dif- 
ficulty. In the first place, it adjoined a deep dock full of shiping. 
where it was of the utmost importance that the water should be kept 
from running away. Nevertheless, ho had to make an entrance into that 
dock, and for that purpose to construct a costly cofferdam. Then an 
excavation was required for the lift-pit, and that in a bad soil expenaive 
to work, The whole of the land was, besides, of a costly character, and 
the surrounding competition of more than eighty other docks had to be 
contended with. Amongst all the other docks he had designed, he had 
not met with a situation where the facilities wero not much greater 
than at the Victoria Docks. Hydraulic Lift Docks, as a rule, ought to 
require little or no excavation. The principal foature was, that where- 
ever he could fix a cast-iron column, there fe could make his dock. In 
many situations, as at Vancouver, Barcelona, and Marseilles, there was 
no excavation. Having obtained a spot with sufficient depth of water, 
the sinking of the columns was the only works to be done. He wished, 
therefore, to correct the impression as to there being any advantages in 
the site at the Victoria Docks, and if this dock could compete with others 
in the Thames, he was quite sure it could do so elsewhere. 

Two or three questions had been asked, to which he wished now to 
reply. First, as te how ships could be lengthened оп the pontoons in 
this dock, and how other works of that class could be carried out. Also, 
what was the cost of the manipulation of such docks; and, further, 
whether the vessels were not inaccessible on account of their being on в 
level with the floor of the workshop? With regard to the last point, he 
apprehended the object of lifting a vessel out of the water was to get 
access not to the inside but to the outside, and for that purpose he could 
not conceive anything better than bringing the vessel on the level of the 
floor of the workshop, instead of having to go down stono steps to it. 
Un the other hand, when ships were built, it was done on a level with 
the building yard; and as to the lifting of iron plates and other weights, 
his experionce showed that no great amount of that kind of work was 
required in dock, the work to be done being generally painting, copper- 
ing, or partial repairs to the hull or keel, £o. Ав to putting in boilers, 
no one would think of doing that while a vessel was either in & stone 
dry dock or in this dock, as a crane could scarcely reach over 60 feet of 
dock ; but it was effected with shears alongside the wharf in a deep-water 
dock. On the second point, as to the cost of manipulation, he had stated 
that the average had been #3 per ton upon the 1,030 ships that bad been 
lifted, аз against £13 at the docks at Southampton with 700 shipa, 
although, doubtless, a larger class of vessels was docked at Southampton 
than in this dock. He had no means of knowing what the cost was at 
Birkenhead Docks. With respect to how far it was posaible to effect on 
а pontoon such an operation as that of lengthening a ship, the way in 
which it was done was this. The shallow dock had a level bottom, 
and by running the water out of the shallow dock, the pontoon was 
brought down and grounded upon the floor of thedock. Then there was 
a platform of timber 350 ft. long, or more, and 60 ft. wide, perfectly true, 
to enable a shipbuilder to judge of his lines; and no better situation 
could be conceived, either for cutting в ship in two and lengthening her 
in the middle, or for building a ship Fea rni and he believed the system 
would come into genoral use for shipbuilding. The accident that had 
just occurred to the “ Northumberland” could not have happened if she 
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had beed lowered on a pontoon instead of by the ordinary way of launch- 
ing; and the American Government attached so much importance to that 
plan that they adopted it for launching their vessels; and he was sure 
the interest upon the cost of the pontoon would be far less than the 
expenditure incurred in the preparation of the present launching ways, 
with so much timber cut to waste, not to speak of the risk that must 
attend the launching of vessels of such great weight. Then, again, by 
the use of pontoons, the number of places where ships could be built 
was multiplied. Any of the Surrey timber ponds in which the pontoons 
would float, might be used for the building of the largest ships, and in 
tho launching a small lift only would be required. То launch the 
“Northumberland,” a 1009-ton lift would be sufficient. 

With respect to the general request that he would point out the dif- 
ference between the system of raising with hydraulic pewer and that of 
simply emptying the pontoon of water, he would occupy а few minutes 
in explaining clearly, he hoped, the difference between the two. With 
апу floating body, such ав an ordinary pontoon, tho stability depended 
upon the fact that some portion was out of water, and any change of 
position produced extra immersion or emersion in that part; but when 
& body was entirely submerged, no change of position could produce any 
differenco in that respect, and а submerged body had consequently no 
stability ; walking from one side to the other would tilt a submerged 
pontoon, unless it was forcibly maintained in a horizontal position, One 
of the plans suggested was the paralled motion, which had been tried at 
the London Docks, the rods being attached to the pontoon and to the 
bottom of the dock by cast-iron piles driven into the ground, the object 
of which was to maintain the horizontality of the ship. Thia plan 
failed; the strain on those rods, whicb varied as the tangent of the angle 
made with the vertical, becoming very great as the water closed, and 
ultimately infinite. Hence the cause of the accident: the rods broke 
and went through the bottom of the vessel; the water could not be 

umped out; aad in subsequently trying to force in air, the deck was 
flows out. Tho other system usually adopted for rendering the position 
stable was to make the sides hollow, and of sufficient height to remain 
partly out of water. Tho sides were towers, 40 fect high. In these 
towers were placed hollow boxes, which by means of screws, or chains, 
or some other contrivance, could be raised or lowered. The consequence 
was, as these boxes were always on the surface of the water, this pontoon 
could be lowered, and the stability maintained, so long as both chains 
were lengthened to the same amount and at thc same time, Іп that way 
the stability was maintained in the American Canal Dock. Sometimes 
this was done in the form of a large chamber, which had to be filled with 
water. In all these cases, a great difference would be observed between 
this pontoon and hie own. The pontoon he used was perfectly open : it 
was never subjected to a greater strain than a pressure equal to the 
draught of water which it drew ; and, drawing 6 ft. of water, the greatest 
pressure was a column of water 6 ft. in depth. The pontoon was сопве- 
quently light and inexpensive ; but in lifting with a submerged pontoon, 
it must be sunk 26 ft. or 30 ft. deep іп the water, and, therefore, being 
subjected to a proportionate pressure, the quantity of iron required to 
strengthen it and to form the deck, mado it a more costly thing than the 
whole of the presses and pumps put together. Then, in addition, the 
manipulation of a large number of these boxes required a large staff of 
assistants. If a vessel were 300 ft. long, with eighteen boxes, about 
forty men would be required to work them uniformly. It was a difficult 
engineering operation, requiring much skill and management, and, after 
all, it was only one dock; but with his plan, twenty pontoons might be 
worked by a single lift, with six men. 

He did not вау that his dock was of universal application; he agreed 
that there were many circumstances in which docks of another descrip- 
tion were bettcr. There were many cases in which a slip would be 
better than his dock, or any other dock, and there were other cases where 
а stone dock would be better than this lift; but still it was capable of 
very general application. The principal difficulty was in respect of the 
cost of the iron columns, where the water was too deep; and to meet 
such cases, Mr. Walker had suggested the plan of putting the preases 
themeelves in pontoons. But where the water was of proper depth, 
there were few cases in which a dock of this kind would not be far more 
economical than an ordinary stone dock. 

With respect to the stiffness of pontoons, he wished to state that in 
advocating a partially elastic pontoon he was giving the result of practice. 
He had stated that, from the experience of more than a thousand ships, 
an elastic pontoon was best, and produced no strain; but if a rigid 
pontoon was wished for, there was nothing to prevent the sides being 
mado 40 ft. high, and any amount of rigidity might be obtained. Ifa 
captain wanted to beach his vessel, he always preferred to do 80 on a soft 
place; but that was a matter of judgment. m 

A great deal had been said with regard to the commercial failure of 
this undertaking. He did not think he was called upon to enter into 
that subject, nor did he think it concerned him. An engineer might 
construct a superior quartz-crushing machine, but it might be sent to a 
bad gold mine. If proper use was not made of the hydraulic lift machine 
he was sorry for it. 

To return to the aubject of cost, he wished to put the matter in в 
simple form. Tho cost of lift, engine, pumps, and all complete and fixed, 
would not exceed £10 per ton upon the weight to be raised—his cost £7 
per ton, The cost of the pontoon might be taken at £5 per ton upon the 
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weight to be floated. The cost, therefore, of a lift for vessels of 1,000 
tons would be £10,000; and the cost of six pontoons of from 500 tons 
burthen to 1,000 tons burthen, would be £22,600. Thus six dooks were 
respectively completed for £32,500, allowing a good margin of profit to 
the manufacturers. That was in the case of a lift not requiring more than 
ordinary excavation. Ifa great amount of excavation in difficult ground 
was required, ag in the Victoria Docks, of course it increased the cost. 
If it were done at a place like Birkenhead, where the value of the stone 
was more than the cost of excavation, he imagined there muat be great 
economy of cost. 

Mr, Abernethy remarked that the Author had omitted comparison with 
the two docks at Falmouth, which were lined with granite throughout, 
and only cost $29,000. 

Mr. Clarke said that in his illustration there were six docks adaptable 
to almost any situation, and capable of indefinite extension by adding to 
the number of pontoons, The machinery was simple and durable in all 
its parts. In comparison with ordinary floating docks, the whole of the 
work was perfectly accessible, especially with regard to the painting of 
the iron work, as there were no closed chambers, and the pontoon was 
raised out of the water in every operation. The rapidity with which 
this description of dock could be constructed was another important 
feature, The dock at Carthagena, of which tho model was exhibited, 
was stated to have been commenced in the year 1861; and now, in 1866, 
Mr. Rennie had been good enough to promise a descriptive paper whén 
that dock was completed. It did not take more than a year at farthest 
to put up the lift, and a stone dock certainly could not be built any- 
where in that time. Не did not know what the cost of the dock at Car- 
thagena would be, but he was told it would be about $200,000. 


————— 


ON THE DECAY OF MATERIALS IN TROPICAL 
CLIMATES, AND THE METHODS EMPLOYED FOR 
ARRESTING AND PREVENTING IT.* 


Ву Упаллм JERRY WaLERR Heata, Assoc. Inst. С.Е. 


Іт is proposed in this Paper to allude to those materials which 
are most used in the construction of permanent ура в, and 
such as have come under the immediate notice of the Author, 
during a residence in Ceylon extending ovcr a period of seven 
years. 

The habitations of the lower class of natives are constructed 
of a rude framework of stout bamboos. the sides and roof formed 
of reeds, and closed in with the interwoven leaves of the cocoa- 
nut palm (Cadjans), laid on after the manner of weather-boarding, 
and secured to the reeds by pieces of coir-string, formed of the 
twisted fibres of the husk of the cocoa-nut. In the ordinary 
course, the cadjans терше renewing every year; but these 
leaves may be made to last two or even three years by washing 
them over with the slimy juice of the ‘ bellie’ (a native fruit), 
which when dry resembles copal varnish, and acts, to a consider- 
able extent, as a preservative against the weather. 

The framework of the huts, built of ‘ wattle and dab,’ is made 
of roughly-squared jungle trees, morticed and tenoned with some 
care, and secured by trenails. Small twigs are tied with coir, in 
parallel rows, vertically and horizontally, both on the inner and 
the outer sides of the framing. The space between is filled with 
clay and sand, well kneaded, and, when nearly dry, both the 
inside and the outside of the hut are covered with the same 
material. It is then plastered over with earth, which has been 
thrown up by white ants, after being mixed with a powerful 
binding substance (produced by the ants themselves), and 
through which the rain and moisture cannot penctrate. This 
will hold the walls together, when the entire framework and the 
wattles have been eaten, or have become decayed. 

The material of which the walls of the superior houses and 
other buildings is built is called *eabook,' a soft kind of rock, 
found in most parts of Ceylon, at a few feet below the surface 
ofthe ground. А large square pit is excavated, and the cabook 
laid bare, when it is quarried, by means of a pickaxe, into blocks 
of a convenient size for transport, or of the size which will best 
suit the building for which it isintended. Cabook has the 
appearance of a coarse sponge, the material of the sponge 
resembling red iron ore, and the interstices being filled with 
soft clay of a yellowish or brown colour. The block should be 
exposed to the rain before being used, so as to allow some of 
the clay to be washed out, as then a better face for the mortar 
to adhere to is formed. Buildings of cabook require protection 
from the weather, but if covered with a thin coating of lime- 
plaster, they will stand for many years. When removing some 
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old Dutch buildings, the cabook did not appear to have 
deteriorated in quality. 

Hard kinds of stone are not much used for buildings, on 
account of the expense of working. Rubble masonry is some- 
times employed, but it is not approved, owing to the difficulty of 
obtaining even beds and good bond. The cathedral church of 
St. Thomas, near Colombo, is an instance of the successfal 
adoption of rubble masonry. It has now been built upwards of 
ten years, and is in a good state of preservation, having the 
appearance of having been recently built. 

ricks are so badly burnt, and the clay is so badly pugged, 
that brickwork will often, after a shower of rain, scarcely bear 
the least weight without crushing. Although used in some 
instances with its surface exposed to the influence of the weather, 
it will undoubtedly exist for a much longer time, if well 
plastered with lime-mortar. Two ог three coats of boiled linseed- 
oil will preserve brickwork without hiding it, but the expense 
prevents its general adoption. А coating of coal tar, applied 
when the day is fine, and the brickwork dry and hot, is also a 
good prescrvative: but it cannot, on account of its unsightly 
appearance, be oftenemployed. Brickwork in exposed situations 
and unprotected will perish very rapidly. The softer bricks 
will be hollowed out, leaving the mortar joints projecting ; and 
in damp places the bricks will in less than a month be covered 
with lichens. 

The limo generally used is made by calcining white coral, of 
which there is an abundant supply on the coast, casily obtained. 
Timber is the fuel used in converting it. The lime comes from 
the kiln in а fine white powder, and is in that state ready for 
immediate use, by mixing it with twice its own bulk of sand and 
water; but it sets so rapidly, that the bricks have to be kept 
quite wet, and water has to be continually added, to prevent its 
setting before the bricks are truly placed. Inthe Public Works 
Department, the lime is placed in a tank, and kept under water 
for two days before being used ; this makes it longer in setting, 
but it is more баз Пу worked, and eventually makes better mark 
In fact, by the first plan it often simply dries, and is very friable ; 
but in the latter case it sets equal to the best blue liaslime. In 
using this coral lime for plastering, it is better not to slack it 
for two days, as Faction ed: it then presents a harder face, and 
will bear a high polish, almost like white marble. А short time 
ago the exterior of public buildings was painted, but this practice 
has been discontinued, as it answered no good end, and, after а 
fow months, generally presented a bad appearance. 

Timber, well seasoned, and built so as to have free ventilation, 
will, if white ants be kept away, endure for many years, though 
not for so long a time as in England. The best wood for general 
use is Moulmein teak. It begins to fail in about twenty-five 
years, but the decay is very slow, for after a hundred years, it is 
still in tolerably good condition. It would appcar that wood- 
work lasts longest when no precautions are taken to preserve it. 
In exposed situations, and where it is subject to the attacks of 
the wits ant, it is best preserved by a dressing of Stockholm 
tar, which is easily applied, and which, owing to the heat, is so 
limp as to insinuate itself into all small sun-cracks or fissures. 
Several substances, such as corrosive sublimate, have been used 
with success; but the cost precludes their use, except in cascs 
where a sccond coating of tar cannot be easily applicd. In sca- 
water, timber is spcedily attacked by worms. The piles of the 
jetties in Colombo Harbour, which are mostly of satinwood, and 
about 14 inches in diameter, are so pierced in the course of 
twelvo months as to require renewal. There is also a very 
small worm in the fresh-water lakes and canals, which infests 
the bottoms of boats, &c., name the timber may 
be painted, oiled, or tarred. Creosoted timber is not attacked 
by white ants, but the black coating, if exposed, renders 
it so heat.absorbing that it is apt to split, and, unless 
thoroughly impregnated with the creosote, a rond is opened to 
the inside, snd the ants will soon destroy all that part which is 
unprotected. Timber near the sea docs not warp or split so 
much as when removed inland; the changes from wet to dry 
not being so sudden in the former situation. 

Iron exposed to the influence of the varying weather, speedily 
oxidizes, but not to so great an extent in the same time as in 
England. Painting, if applied at home, will for a time preserve 
it; but if applied in Ceylon it is not so effectual. Oil applied 
hot is a zoi preventative; but when applied cold, or ìn the 
same way as paint, it is of little avail, because the iron oxidises 
under the paint or oil. Coal tar is by far the best covering, 
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applied either cold or hot, before or even after oxidizing has 
commenced. In the first condition it prevents, and in the latter 


arrests, nearly all tendency to rust. e heat, which contracts 
oil or paint, causing minute fissures that admit moisture, in the 
case of tar has the effect of causing any smal] parts not properly 
covered in the operation of tarring to be flushed over with a 
thin coating. The most valuable timber in Ceylon is quickly 
decayed y contact with unprepared iron; so that screw-nails or 
spikes, unless well greased or tarred, may in an incredibly short 
time be easily drawn out, the wood surrounding them being 
quite rotten. 

Ordinary galvanized sheet-iron does not last many years. 
except it be protected with good red-lead paint, frequently 
renewed. 

Tran piaig that has been four ycars in the island is still 
nearly as bright as when the pipes were first drawn. Brass 
oxidizes, and becomes very brittle, in a much shorter time than 
in England. Lacquer is the only preventive applied for the 
first defect, and for the second, the brass is heated nearly to a 
red heat, and then dipped in cold water. Zine isa most durable 
material ; it will last [n many ycars with little or no apparent 
decay. Glass exfoliates in a short time. It requires constant 
care to preserve the lenses of optical instruments. Tripoli 
powder on the hand will remove the exfoliation. 

Paper is casily affected by the moisture of the atmosphere. 
It loses its size, the surface becomes rough, and in a short time 
is so absorbent as to render it impossible either to write or to 
draw upon it. It requires to be kept in air-tight cases, and only 
so much of it should be exposed as may be required for imme- 
diate use. Leather, unless well * dubinged,’ becomes so brittle, 
as to break short off like a piece of wood. Gutta-percha, in 
about twelve months, is so brittle as to break like glass, but 
more easily; and after about three years, it may be reduced to 
8 powder in a mortar. Occasional immersions in hot water will 
arrest this decay, but articles the shape of which would suffer by 
the heat must be left to their fate. 


Mr. Вввкъву remarked that he had sent out to Bombay both creoeoted 
and kyanised sleepers; native jungle-wood had also been used. Не 
regretted he could not give the details of the results of theso several experi- 
ments. He could, however, state this general fact, which was of much 
praetieal value: the resident engineer of the Great Indian Peninsula Rail- 
way, after an experience of thirteen years іп India, was now replacing 
large numbers of sleepers which had failed with teak and iron sleepers. 
Attempts were made in the first instance to preserve the native wood by 
the usual processes; but, he believed in consequence of the wood being 
so hard and close-grained, it was impossible to impregnate it sufficiently 
with the preservative material. 

Keys were a matter of considerable difficulty in warm and variable 
climates. It had been reported to him that the wooden keys (which 
were, he feared, perhaps not made with the utmost care) dropped out in 
great numbers, and he was now giving his attention to the introduction 
of somo other kind of key, which would answer the purpose better than 
the wooden ones, 

With respect to the preservation of iron, the result of his experience 
was, that whether for rails or bridge-work, iron should be thoroughly 
cleaned and dried by heat, and be then dipped into hot linseed oil. In 
the first instance, iron-work was sent out to Bombay not во treated, and 
the oxidation was excessive; but since that plan had been adopted the 
oxidation was prevented, aud the rails and other ironwork remained in а 
perfect etato, 

On the subject of rolling stock, it was stated in Mr. Mann's paper® that 
the carriages on the Great Indian Peninsula Railway, were sent out with 
teak panels. If that were so, it was at a very early period, and before 
he had much voice in the matter. For some years past the carriages had 
been sent out with “ papier mâché” panels; but, notwithstanding his 
own opinion that it was the best material for the purpose, the locomotive 
superintendent, who ought to know better than himself, had expreesed & 
desire that the panels should be of teak, and not of ° papier mâché.” 

Mr. Hawxsuaw, Past-President, said he had spent three years of his 
early life in a tropical climate, close to the equator, and had some ехре- 
rience with regard to what timber would do in a country which 
Humboldt declared to be the hottest part of the world. Пе had also had 
many years’ experience of Indian and of foreign railways, and of the 
duration of the rolling stock, sleepers, and iron-work sent out to those 
countries. 

Но would say with regard to timber generally, that, being an organic 
substance, it was impossible for any one to predicate what it would 
sustain under the varying circumstances in which it was employed in 
those countries, or, indecd, elsewhere. For instance, he had lov 
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yellow pine, which, according to the statements of joiners, was not a 
good wood, last in railway sleepers for twenty-five years, and at the end 
of that period it was as sound as any of the specimens that had been 
exhibited. But in other cases yellow pine had decayed in five or six 
years. Dealing with timber was something like dealing with the human 
constitution ; it was impossible to tell what or how many incipient seeds 
of decay it might contain. 

He was acquainted with some of the woods exhibited. Не had seen 
some of these hard woods which, under certain circumstances, had lasted 
as long as the piles from Ше Recife jetty; under othor circumstances, 
from causes which he could not explain, the same descriptions of wood 
Һай gone to decay after в very short period. Among the large masses of 
timber that were required in the construction of railways in tropical 
climates, if native timber were, used, it was bought without knowledge, 
of the soil in which it was grown, or at what period of the year it was 
out. Of course, every possible precaution ought to be taken in the 
selection of the wood, but it was one of those subjects on which it was 
not safe to draw such large general conclusions as had beeu done ia Mr. 
Mann's paper. 

With regard to the question of sleepers, whether half round or square, 
he could not understand on what principle the former should be more 
durable than the latter. 

Mr. Mann said, the half-round sleepers were more dnrable than those 
of the square form, because, independently of the half-round shape 
allowing of better drainage, the wood used was of a closer grain than 
the square sleepers. 

Mr. Нлчканат, Past-President, observed, with respect to the pre- 
servation of iron-work, that he could not agree with the suggestion that 
galvanizing should be substituted for every other process. Не had used 
galvanized iron, and, he was willing to confess, in some cases unfor- 
tunately, and, therefore, he had the less hesitation in stating his opinion 
of it. He had put up roofs of galvanized iron, and found them decay 
more quickly than other roofs; in fact, if to that material acid were 
applied, and carbon, as was easily done in smoky situations, it was con- 
verted into а good galvanic battery. Roofs in towns were destroyed іп 
that way. Іп addition to this, the process of galvanizing rendered the 
iron brittle; therefore he did not recommend that iron about to he sent 
to India should always be subjected to that process in preference to oiling 
and painting. The other suggestions were very proper. The iron should 
be well cleaned and dried before painting, for if wet or rusted iron was 
covered with any kind of coating, oxidation was certain to take place. 
No doubt, in tropical climates, there was a difficulty in making durable 
works, either of ігор or wood. Це had tried almost every material for 
sleepers, native woods, and woods of this country, and Baltic timber 
creosoted and not oreosoted, and he confessed he had not derived much 
better results from one than from another; and he had been driven to 
tbe conclusion that in the tropice iron was pretty nearly the only thing 
that could be employed for sleepers with anything like certainty as to 
the results. Не quite agreed in the opinion that iron made a vory rigid 
permanent way. Rigid ways were not liked in this country, but sheer 
necessity brought him to the conclusion that a durable road could not be 
made in tropical climates, except by the use of iron. Ітоп sleepers, he 
believed, had Әсеп rejected by many engineers. Не believed he was 
the first to use the iron-pot sleepers in England, and he found them 
rigid and did not like them ; but necessity had obliged him to use them 
in tropical climates; and he was afraid, notwithstanding all the care in 
selecting native woods, creosoting foreign woods, and taking every otber 
precaution, it would be necessary to use iron very extensively in tropical 
climates. When in Egypt, he saw the line constructed by the late Mr. 
Robert Stephenson with Greaves’ cast-iron pot sleepers, which, after 
great consideration, Mr. Stephenson adopted as the best compromise he 
could make. Those sleepers had been laid, he believed, more than ten 
years, and the line was a good and eubstantial one, and the sleepers 
stood well. Iron sleepers broke only when not made strong enough; 
but it would be easy to make iron slecpers that would not break; and 
where the speed was not required to be more than 26 miles or 30 miles 

r hour, he saw no reason why iron sleepers should not be used. 

hether, ultimately, a better material would be discovered, he could not 
tell. With regard to the laminating of the rails, he could not see what 
the temperature of the climate had to do with it. Whether the tempera- 
ture were 100° or 60°, could make little difference; nor did he think that 
the use of steel could be moro beneficial or necessary in a tropical climate 
than in this country. Steel was better than iron anywhere; but there 
was no гоавоп why it should be used in the tropics more than here. 

Upon one subject there appeared to be a singular confusion of ideas. 
That was the statement, and similar opinions had been expressed upon 
other occasions, that the cross girders should rest upon, and not be sus- 
pended from a main girder; but the fact was, that cross girders which 
wore said to reat were suspended. It did not seem to be understood that 
when a cross girder was made to rest upon the flange of a main girder, 
the flange on which it rested was suspended from the vertical web by 
rivets, 

Mr James BnuNLEzZe said, during a short stay he had made in the 
Втвг в, he had an opportunity of observing the different qualities of 
timber, some of which he recognised in the specimens exhibited; but he 
had not had much experience as to the durability or otherwise of these 
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woods, On 6 miles of the San Paulo Railway he had laid sleepers of 
native timber, and by the last reports he was informed that, after having 
been in use two years, they were decaying very rapidly. On the other 
portions of the line he had used cast-iron pot sleepers, which, like all the 
otber iron-work he sent out, were boiled in a preparation of tar and 
asphalte before being shipped, and he found that treatment was a good 
reservative against rust. He had used the same kind of preparation for 
iron for about twelve years, and he could refer to Из beneficial ейес!в in 
the case of the Morecambe Bay viaducts. He had bad no complaints of the 
breakage of pot sleepers, nor had he received any complaints of the road it- 
self, which he attributed to the circumstance of the rails having been well 
fished. A different state of things appeared to have existed on the 
Pernambuco Railway, where the rails had not been fished in the first 
instance, and where, therefore, the road was not во effective. He сег- 
tainly should not lay down the same sort of road in this country for 
high speeds, but he thought in tropical climates there was no better 
material than iron, either for the permanent way or for bridges, and he 
believed that was the material engineers must mainly depend upon. 

Mr. Broce thought the Institution had reason to be indebted to the 
Authors for the great care with which tbey had collected the facts, 
and for the methodioal manner in which they had laid them before the 
meeting. It struck him that there was a weaknesa iu the argument 
against resting the oross girders upon the lower flange, the general 
question of which he would not now discuss; but when girders were 
suspended hy rivets, as was virtually done when the cross girders rested 
on the lower flange, it must be recollected that this strain, which was 
said not to have been calculated, must ultimately come upon those new 
rivets in the case of the suspended girders. 

Pagsing to the question of sleepers, he was struck with the similarity 
of the experience which had beeu gained in South America with that 
which had been gained by engineers in India. There were doubtless 
many native woods suitable for sleepers and for other purposes, if there 
was only time to get them, and roads along which to carry them; but, 
in the first instance, if a wood suitable for sleepers was found, there were 
no roads for getting them to the works, and the only thing that could be 
doue was to send out from Europe either memel creosoted sleepers, which 
were known to stand, or cast iron sleopers, which were also known to 
be very effüoient. He believed, ultimately, when railways wcre more 
extensively oponed than at present, the renewals might be made with 
native timber, because there would be more ready access to the forests, 
and because it would not be required in such large quantities as was the 
case at first, when contractors were forced to buy timber where they 
could, but each supply might be obtained as required for the maintenance 
without any undue pressure. He thought tho use of the bogie engine, 
88 recommended in Mr. Mann's paper, would be attended with great 
advantages, as it enabled trains to run over somewhat inferior roads 
with greater case and safoty than could be dono without that very uscful 
appliance. 

Mr. Hawxenaw, Past-President, remarked that the assumptiou that 
creosoted memel sleepers would stand in these climates must not be 
adopted as correct. 

Mr. Н.Р. Вокт said he had been informed that the sleepers first sent 
out to Pernambuco were of an inferior quality of white wood, and not 
well prepared. The best evidence he could give of the general estimation 
in which creosoted sleepera were still held, was the fact that he had 
contracts to supply upwards of 450,000 creosoted sleepers in various 
parts of the world. Ho had recently been in comrounication with Sir 
Macdonald Stephenson on the subject of the preservation of timber. Тһе 
specifications of nearly all the engineers were for the wood to be creosoted 
to the extent of 101bs. of creosote per cubic foot; but it was found, even 
with that large quantity, that the centres of the slecpers were not im- 
pregnated with the fluid, and some of the failures were, no doubt, attri- 
butable to that fact. Sir Macdonald Stephenson had suggested, as a 
means of obviating that defect, the boring of two holes 1 inch in diameter 
through each sleeper longitudinally, and impregnating up ќо 12168. or 
141bs. per cubio foot. By that means the creosote would be sent all 
through the sleeper. The boring by hand would be an expensive орсгв- 
tion, but he had thought of erecting machinery by which he hoped to 
effect it at a comparatively small increased cost, and to accomplish the 
object in view. 

г. А. M. RENDEL, speaking from facts which had been communicated 
to him rather than from his own personal experience, thought there was 
no cause for supposing that the deterioration of materials was so exces- 
sively rapid in tropical climates. Не considered that good matcrials 
would last nearly as long as in temperate latitudes. There were as good 
sleepers in India as in this country, but if mere jungle-wood waa used, 
it would perish in а very short time. Bricks also, if made properly, 
turned out well; but if made after Ше manner of the country, were 
extremely perishable. 

Mr. TURNBULL could corroborate to а certain extent what had just been 
stated. Оп the East Indian Railway—of more than 1,000 miles in 
length—the greater portion was laid with Saul-wood sleepers; а соп- 
siderable portion with creosoted fir; and a small length with cast-iron 
sleepers. Although there were various kinds of woods in India suitable 
for Ше purpose, such as Sissoo, Assoon, and others, there was difficulty 
in getting large quantities of any kind, except Saul, and that wood, 
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when of good quality, was very durable; but at first there was а great 
and sudden demand for sleepers, and many young Saul trees were used, 
as a matter of necessity, with much sap-wood in them, which perished 
rapidly ; otherwise Saul-wood was very durable, when cut out of large 
timber and well seasoned. In some instances, he had known Saul-wood 
sleepers to perish in two years; but he had lately taken up sleepers near 
Calcutta, which were serviceable after having been in use eleven years. 
At other parts of the line there were creosoted fir sleepers which had 
been laid ten years and were still serviceable, whilst others had decayed 
in less than three years. Не had found that, unless the creosoting was 
thoroughly done, and good timber used, fir sleepers were perishable. 
Teak was perhaps the best of all Indian woods, but its present scarcity 
hed brought the price about equal to 158. per sleeper, which precluded 
its use for that purpose. Saul sleepers and creosoted fir sleepers were 
about half that price. With regard to iron sleepers, he had used flat 
ones at first, but without success. Greaves’ ‘bowl’ sleepers were more 
successful, but as yet the experience of them was not sufficient to war- 
rant а decided opinion. There had boen a good deal of breakage in 
some places, in one year as much as 20 per cent. was reported; but as 
had been observed, the breakage could be obviated by making the 
sleepers stronger. He had only laid a comparatively small number of 
these iron sleepers. He thought, on the whole, it was desirable to in- 
troduce these or some kind of iron sleeper, not universally, but partially, 
in India, from the difficulty of getting large supplies of wooden sleepers, 
and from the uncertainty of the quality of the timber. A length of one 
mile near Howrah, had been laid on a plan of his own, as an experiment, 
It consisted merely of a bridge rail bolted to a continuous longtitudinal 
bearing of plate iron, with a teak wood board between the rail and the 
plate iron; it had been in use about four years, and seemed to answer 
tolerably well, except having been made too weak at the joints of the 
longitudinal bearing. 

So many miles of railway in India had already been laid with chairs 
and wooden cross-sleepers, that a change to iron sleepers would be too 
expensive, but should be considered on new lines. As regarded сгеово- 
ting wood in India, it was а costly process, owing to the difficulty and 
expense of conveying creosote from England; iron tanks were necessary 
to hold the oil when on board ship, and being unsaleable in India, added 
to the expense. The native woods were generally too bard for penetra- 
n: the creosote did not penetrate the Saul-wood more than j of an 

ch. 

The earth oil, or Arracan oil, seemed as good as creosote, but the ваше 
objection applied, as to the difficulty of conveyance andthe cost. It was 
brought from Moulmein and Rangoon generally in leathern bottles, or 
ekins, The price is about 6d. per gallon. ) 

General Sir Ановзу Wavou regretted he had not come prepared 
with notes of his experience in India. He had been a short time only 
in Ceylon, but had visited both Colombo and Galle, and could corrobo- 
rate much that was stated in Mr. Heath's paper. The decay іп the 
materials of buildings arose obviously from the alternate effects of ex- 
treme heat and extreme moisture, but principally, he thought, from the 
uge of bad materials. India presented great varieties of climate, which 
in the upper districts differed much from that of Ceylon. And the 
Hindoos there had brick and stone buildings of great antiquity; dating, 
in fact, anterior to the historic periods.* The masonry of some of the 
temples and forts was exceedingly strong, and was diffücult to destroy 
when it was requisite to blow the forts down. 

With regard to wood, the great difficulty in India wus to get it 
seasoned. Such was the pressing demand for wood, that it was used 
without seasoning, and there were no capitalists in the trade who could 
afford to keep stores of wood for seasoning purposes, It was almost im- 
possible to get a piece of well-seasoned timber for a chair ora table. He 
could fully corroborate what had been stated by Mr. Turnbull with re- 
gard to Saul-wood. It was a very hard wood, of great strength, the 
produst of the Shorea Robusta, which grew in great abundance in the 
central forests, as well as along the skirts of the Himalayas; but though 
it was a wood of excellent quality for all purposes of construction, there 
was, no doubt, of late years, а great difficulty in obtaining a sufficient 
supply of it, well seasoned, for sleepers. Teak was а wood famous all 
over the world, but it was getting scarce, from the trees being destroyed 
во rapidly without any equivalent reproduction, There was а peculi- 
arity about that tree; the seeds did not sow themselves readily like 
Saul, and were floated away by the rains. There were two kinds of 
teak wood in India, that in the province of Burmah grew 10 а large size, 
and was much used іп shipbuilding. The same kind of timber grown 
in a drier range and in rocky parts, as in the Vindhya ranges in central 
Indis, became as hard as ebony, or iron-wood, but was of small scantling 
and of crooked form, nevertheless it was an excellent wood if it could be 
obtained in sufficient abundance and size for sleepers, or for other pur- 
poses requiring strong and durable timber. 


* While carrying on the Great Triangulstion through the Turai dam 


forest 
lands, nearthe feet of the Himalayas, Bir Andrew Waugh fired seve: 


of the 
rineipal stations on the ruins of forts of such antiquity, that forest trees of the 
argeat size were growing in the forts, the building of which was attributed to 
Bimseu, в demigod of Hindoo mythology. The bricks in these forts, which were 
used to build the towers for the Triangulation, were so excellent, that their 
arnises remained quite sharp after many hundred years; and the mark of three 
fingers on the face of each brick were quite distinct, being either a trade mark, or 
more probably, a sign of the Triane Deity.—A. W, 
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Colouel SaLe remarked that the results generally mentioned were 
such as he could curroborate from his own experience; that timber sent 
from this country to a tropical climate should be prepared beforehand, 
and that perhaps creosoting was the best method. Simply paying over 
native woods with coal-tar, he had found to act well as a preservative.” 
Iu using timber for building purposes, it was necessary to provide for 
the ventilation of the ends of the timbers, by which means it would last 
considerably longer, than if the ends were let into the work without the 
admission of air. Saul was, no doubt, the best quality of wood in Bengal 
and the north-west provinces of India; teak was both scarce and ex- 
pensive there. In fact, it might be said Saul was the timber generally 
used in the works of the public departments in those provinces.” The 
results mentioned in the first Paper, as occurring in Brasil, he had 
„observed very much elsewhere. 

Mr. C. Н. Gregory, V. P., thought they were much indebted to Mr. 
Heath, as a young member of the Institution and of the profeasion, for 
the practical observation which he had brought to bear on the subject 
under consideration, It was curious that two Papers arriving so nearly 
at the same time from countries so far apart as Pernambuco and Ceylon 
should agree so nearly in their conclusions; and he thought that this 
general but independent agreement between Mr. Mann and Mr. Heath 
made their papers so much the more valuable. The most important 
difference between them seemed to be as to the use of galvanized iron, of 
which Mr. Mann gave a favourable opinion, while Mr. Heath, speaking 
as it seemed from experience, thought that galvanizing was not sufficient 
without additional protection in such a climate as that of Ceylon. One 
statement in Mr. Heath’s Paper was at first sight striking; viz., that 
the loas of weight in iron from oxidation had been observed to be lees іп 
Ceylon than in England during an equal period of time. In confirmation 
of the correctness of that statement, he might mention that, while the 
works of the Ceylon Railway were suspended, a quantity of rails were 
lying for many months in Ceylon unused, and rails of a similar nature, 
manufactured at the same place, were lying in South Wales unused: he 
expected that the loss of weight would have been greater in the rails in 
Ceylon, instead of which the reverse had been found to be the case. He 
considered Мг. Mann’s Paper as very interesting, because it brought be- 
fore them tho resulta of experience of some years in а country in which 
the Engineers of the eria n bad been the pioneers of public works, 
and from the independent and careful nature of Mr. Mann's observations, 
all he had stated was entitled to great respect and consideration. Іп re- 
ference to the use of timber in tropical climates, it had often been 
discussed, whether the soft European woods artificially prepared were to 
be preferred to native woods. He had been surprised at Rearing it stated, 
by a gentleman of large experienco in works in tropical climates, that 
the deterioration of such materials in tropical climates was no greater 
than in England. He imagined that where there was great heat, 
accompanied by excessive moisture, the deteriorating effect, upon wood 
especially, must be much greater than it was in this climate, and that 
this effect would be most serious on soft woods; and while, in the first 
instance, from the supply of material being uncertain, and unequal to 
the demand, it might be desirable to import European timber artificially 
prepared, he could not but agree with Mr. Mann, that in most tropical 
climates where timber was plentiful, and certainly in the country to 
which his Paper referred, after the character of the native woods was 
known, and their selection and supply properly organised, they might be 
used with great advantage, while Mr. Maun had shown that in Pernam- 
buco this was done at half the cost of European timber artificially 

repared. 

г it should be remembered that the natural decay of timber was only 
one portion of the question; for where timber was exposed to great 
moisture and great heat, the alternate swelling and shrinking must pro- 
duce shakes in the timber, while the working of rails, chairs and 
fastenings must produce mechanical deterioration, which would naturally 
be less in the hard woods of the tropics than in the softer woods of Europe. 
They had on the table specimens of the woods of Brazil, which in an 
unprepared state had lasted undecayed fur 260 years: even if it could be 
proved that creosoted soft wood would remain as long undecayed, the 
durability arising from hardness would still be in favour of the native 
wood 


ood. 

In alluding to iron bridges, Mr. Mann differed from some Engineers 
in condemning entirely the use of suspended cross girders. Those 
bridges to which Mr. Mann alluded were sent out by him (Mr. Gregory), 
as consulting Engineer of the Pernambuco Railway, and therefore he 
felt he was to some extent upon his defence. It was sometimes con- 
venient to suspend the oross-girders, and when these were properly 
arranged and the bolts sufficiently strong and well secured, he submitted * 
that there was no radical departure from the rules of good construction, 
With regard to Mr. Mann's proposed substitution of swel for wrought 
iron in the bracings of bridges, he believed that the adequste use of 
coal-tar would be а sufficient protection for wrought-iron braces, and he 
thought that the specimen exhibited of a brace which had suffered from 
the effects of the weather, might be matched in this country in many 
structures still considered to be in & permanent and sound condition. 

He was not prepared to adopt Mr. Mann's views in scribing to the 
heat of the climate the large amount of wear which had been о 


* Teak is procured in the central provinces, sud ор the Bombay side.—T.H.S. 
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іп rails and tires оп the Pernambuco Railway, and he thought they must 
seek for other causes to account for it. When this railway was projected, 
the fishing of joints was not so generally adopted as it had since been, 
and it was not proposed, in the first instance, to use fishes, and they had 
only been applied after в portion of the line was opened for traffic. 
Again, from atmospheric alterations, and from the diffioulty of obtain- 
ing perfect work in a country where railway operations were entirely 
new, from tho nature of the ballest, from the deterioration of sleepers, 
and from other causes, the permanent way was not for a long time, even 
if it was now, in tho good state attainable on English railways. 
There were also several considerable curves on the line. He thought 
the combination of those circumstances sufficient to account for a much 
greater wear than was usual in England, without the necessity for a 
theory which had rather startled him in Mr. Mann’s very useful Paper. 
Mr. C. В. Lane said, as the result of twelve years’ experience of 
Brazilian Railways, he agreed generally with the views expressed by 
Mr. Mann with regard to the preservation of materials; and some of 
the results stated in tho Paper were very satisfactory to him, inasmuch 
as they bore out reports he had made from time to Ише to the Brazilian 
Government on these questions. He alluded more particularly to 
sleepers. When he firet had to deal with thie question in Brazil, there 
was no time to make botanical investigations, nor was there the know- 
ledge available to enable him to fix upon really fit material, the product 
of the country. He felt it therefore to be Ша duty to recommend ‘the 
employment of such material as practical experience in other inter- 
tropical countries had shown to be good, rather than the adoption of 
what had not this test in its favour. And for this reason, where timber 
was employed, he had recommended that of the north of Europe 
creosoted. Не had also recommended the ‘iron pot’ sleepers, having 
had the high authority of the late Mr. Robert Stephenson in their favour, 
and having also had the opportunity himself of judging of their value on 
the Maua Line of Rio de Janerio. That line had now been about eleven 
years in operation, and he had recently seen some statistics of its main- 
tenance, from which it appeared that the renewals of the pot-sleepers 
were very small, in fact practically almost nothing. Не had heard of 
their failure on some Indian lines, but he thought it must be owing to 
their not being thick enough along tbe centre line of the pot: he would 
recommend their being cast with an internal ridge in that direction, 
somewbat similar to the ridge along the vertebral line of the shell of a 


e. 

He agreed with Mr. Gregory, thatthe time might arrive, when it 
would be desirable for English Engineers in Brazil to fell timber and 
prepare it, either by shed-drying orother means, so as to get a really 

d native sleeper. If that could be done at the price mentioned by 

r. Mann, in comparison with the cost of creosoted timber sent from 
this country, it was obvious to those acquainted with the financial 
position of Brazilian railways, that it would be a matter of the greatest 
importance to the railway system in that сушат 

Не was glad to hear the remarks made by Мг. Grégory in favour of 
“fish joints,” and that he partly attributed the injury to the rails of the 
Pernambuco Railway to the absence of '* fish joints" in the earlier stages 
of the line, as it had cost him (Mr. Lane) some pains to get them 
introduced into that country. 

With reapect to the carriages which were sent out about seven or 
eight years ago, now referred to by Mr. Mann, Mr. С. В. Lane һай at 
that time made a most favoureble report of them to the Government, 
and would now repeat that he never saw carriages more commodious or 
better designed for the peculiarities of the climate and the country. 

With regard to the white ants, he did not think there need be much 
apprehension of their ravages upon railway sleepers when in use. He 
bad geen many old timber structures in that couutry unaffected by them, 
and, so far as his experience and observation went, he thought timber 
of good quality, which was subject to frequent shaking or vibration, was 
tolerably safe from their depredations. 

He could confirm what had been stated as to bricks, both at Pernam- 
buco and in other parts of Brazil. At Rio de Janerio he had seen 
buildinge comparatively new, which looked like honeycombs, the mortar 
joints standing out, and tho bricks eaten away from half an inch to an 
inch and a half; and yet that mortar was made in the most careless way, 
of shell.ime and sea-sand, or road washinga mixed with a material 
called *' barro," which abounded amongst the decomposed granites ot the 
district, and whioh had considerable hydraulic properties, though very 
inferior to the hydraulic limes of this country. In Mr. Mann's Paper 
the statement about the iron bridges was only correct in so far as it re- 
lated to insistent bridges. The earliest iron bridge in that part of South 
America, or so far as he knew in Brazil, was the suepension bridge over 
the river Capibaribe at Caxanga, which carried the most important of the 
provincial roads. Не had frequently travelled over the bridge, and re- 
gretted not being able to supply any minute details of its dimensions 
ог construction, further than to say that the roadway was suspended from 
wire ropes, and the bridge in its appearance and in some of its detaila 
resembled the suspension-bridges over the Seine at Paris. That bridge 
waserected about twenty years ago from tbe designs ofa very able 
engineer, а Frenchman named Vauthier, who at that time held the 
position of Engineer-in-chiet to the province of Pernambuco. He felt 
sure that all the Members would concur with him, that on a question of 
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priority М. Vauthier’s name should ocoupy its proper place in the annals 
of the Institution. б 

Mz. Агғанр Пн Мовмат stated, that he had been assistant Engineer. 
to Mr. Louis Leger Vauthier, and had made the working drawings during 
the erection of the suspension-bridge at Caxanga in 1844; of which, 
speaking entirely from memory, he would give a brief description, as it 
was the first bridge of that kind erected in Brazil. Mr. Vauthier was a 
French Engineer of considerable talent, and, at the time he designed 
that bridge, had not long been engaged by the Brazilian Government as 
Enginoer-in-chief to the province of Pernambuco. The bridge was 
situated on one of the main roads of the provinee, about 9 miles from the 
City of Pernambuco, in a north-westerly direction; it oroseed the river 
Capibaribe at the village of Caxanga. The roadway, which was sus- 
pended from a pair of wire ropes on eaoh side of the bridge, by means of 
vertical suspension-rods, was about 100 feet long and about 20 foet 
wide, constructed of the hard wood of the country, and was formed 
simply of cross-sleepers, placed at the same distances apart as the sus- 
репаіоп-гойв, and covered with rough planks. The ends of the cross- 
sleepers rested upon two longitudinal timbers, through which the sus- 
pension-rods were also carried. Тһе ropes were constructed of a mass 
of iron wires, simply laid together and bound round at intervals to keep 
them in position. Each pair of ropes was connected together by 4 
lacing of wire at each of the suspension-rods, which arrangement served 
to keep the rods from slipping down the rope. Each rope was composed 
of four lengths, so that there were in all eight separate ropes—two on 
each side of the bridge passing over the pillars, and two at each end of 
the bridge passing under massive stone buttresses, The enda of the 
side ropes, after passing over the pillars or rocking standards, were 
looped, and the ends of the ropes that passed under the buttresses were 
divided into two, and each end looped also, and then all were connected 
together by means of wrought-iron straps and blocking pieces. thus be- 
coming in effect two endless ropes passing all around the bridge. The 
rocking standards were of cast-iron, made in three pieces. Тһе rocking- 
base was a segment of a oylinder, resting upon an iron plate; the shaft 
was made taper at both ends, and cruciform in section, and the capitals 
served as a saddle for the ropes to rest upon, Four long wrought-iron 
bolts connected the top piece of the standard with the io corners of 
the rocking base, and served as diagonal braces to give greater strength 
to the light cast-iron shaft. The suspension-rods were of wrought iron, 
and were placed between the ropes, and attached to strong wrought-iron 
p formed to embrace the two ropes. Тһе whole of the work of the 

ridge, including the cast-iron standards, was executed in the country. 
The wire of which the ropes was composed was purchased in England. 
The wire ropes were still sound, as well as the principal parts of cast 
and wrought-iron. The bridge was estimated to cost 40 contos of reis 
(about £4,600), aud its actual cost was between £5,000 and £6,000, 

Mr. Вовзвг Arrxen believed, that the rigidity of the “ pot" sleepers 
was due not to the fact of their being made of cast-iron, but mainly to 
the imperfect way in which the rails were secured to the top ofthe 
bowls by the wooden keys. The wooden keys, from exposure to the 
sun and the rain, and from the vibration of trains, soon worked loose; 
the result of which was, that the rail rocked and jumped in the chair. 
The passing trains being thus enabled to spring tho rails, gave a series 
of successive blows to the top of tho bowls, which was the ohief cause of 
the sonority and rigidity of the pot sleepers now in use. He thought, 
that by proper construction this might be overcome, and ho had effectually 
succeeded in doing во by casting the *'pot'' in two pieces, with a suff- 
cient length of chair-jaw to firmly grasp the sides of the rail, by keying 
up through lega cast on to the bowls underneath the bottom of the rail. 

е “pot” by this method of construction, followed the minute de- 
flections of the rail, the rattle of the railin the chair was prevented, 
and the wooden key was dispensed with. Не did not mean to say that 
he could make & road equal to the wooden cross-sleeper; at the same 
time he thought that the *'pot" bearing surface was credited with 
defects that did not necessarily belong to it. The “ pot" sleeper was 
the only iron road he wasaware of that wasembedded well in the ballast, 
and which, therefore, had sufficient hold; and he knew of no other form 
of cast.iron road that was likely to succeed in practice. 

Mz. Joux BkerHELL had no means of giving any information respecting 
the relative durability of materials in trepical climates, as he had no 
experience on the subject. Mr. Gregory had correctly stated that the 
durability of wood depended very much upon whether it was. from its 
nature or situation, subject to be alternately wet and dry, and further, 
upon whether it was soft or hard wood. There was no doubt, that a 
piece of wood which was wet one day and dry the next, and exposed to 
considerable heat, was liable to decay very rapidly ; and, in the use of 
native, unprepared wood, it would be safer to select that part that was 
hard, and which, from having all the pores filled up with ligneous 
matter, did not so freely absorb moisture. А piece of unprepared hard 
wood was not liable to get wet or dry во frequently because it did not 
absorb water so readily as the more porous audits of wood; but it was 
the reverse when wa. was selected for creosoting, and it was to that 
particular point he had often urged the attention of Engineers, but Бе 
was sorry to say, вв far as sleepers were concerned, with little effect, In 
fact, the specifications issued for sleepers for foreign railways had been 
of such a character, that he had felt it was utterly impossible to comply 
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with them. These specifications described the sleepers to be entirely of 
heart wood, and then to be creosoted to the extent of 101Ъв. of the oil per 
cubic foot. If the heart-wood sleepers were employed it was impossible 
to creosote them to that extent, and he defied any one to get lOlbs. per 
cubic foot into heart-wood timber. Не had samples in his possession, 
which tended to show that the great value іп creosoting was to retain 
the young wood as much as possible. The oreosoting process was not, 
as often described, a chemical process entirely. It was to в certain ех- 
tent, because the creosote oil was the strongest ooagulator of the albumen 
in the вар of wood. But that was not his only idea when he introduced 
the process; hia object was also to fill the рогов of the wood witha 
bituminous asphaltic substance, which rendered it waterproof, and by 
which, in process of time, the wood so treated became very much more solid 
and harder than heart-wood itself. That result was fully shown by some 
specimens he had received from Belgium, of half-round sleepers сгеовоед 
by him fifteen years ago, which showed that all the young wood had be- 
como set, as it were, into a piece of solid asphalte; and Scotch fir and 
Baltic timber, which had thcir pores filled with this tar-oil, became 
entirely waterproof, and so hard that it was with the pen difficulty 
they could be sawn. Of Scotch fir sleepers laid on the North Eastern 
Railway in 1841, 80 per cent. were doing duty at the present time, and 
Buch cases of decay ав had occurred, were found to have taken place іп 
the heart wood, where the creorote had not penetrated. The engineer of 
the Belgian State railways sent him some specimens not long ago, which 
illustrated the same fact. He found one specimen which had lost a piece 
of its heart by decay ; but on experimenting upon the transverse atrength 
of that sleeper against a similar sleeper unoreosoted, it was found quite 
as strong, though it had lost its heart, because, from the thorough im- 
pregnation of the bitumen, the young wood had become во hard that it 
was more like an iron pipe; and he was satisfied that if it lost all the 
beart, it would be stronger than a sleeper in its natural state. It was 
stated in Mr. Mann's Paper, that the half-round creosoted sleepers lasted 
better than those of the square form; and this result was to be expected, 
because the half-round slceper retained all Ше young wood, and would 
have more creosote in it; but in the square sleeper it was cut off. He 
might state that during the last six years, extensive experiments had 
been carried on by Monsieur Crepin, the Government Engineer, at the 
harbour at Ostend, for the purpose of testing the different preservative 
preparations against the attack of sea-worms оп wood, and the result of 
those experiments was, that wood prepared with corrosive sublimate, 
or copper, suffered as much from the ravages of the worm as unprepared 
wood; for though the worm did not affect the timber immediately, yet 
it did so in a short time; but the creosoted wood the worms did not 
touch, except where an opening had been left to the heart-wood, which 
the creosote had not reached. The result of those experiments led to 
the conclusion, that piles used in sea-water should not be squared, but 
should retain as much young wood in them as possible; and the reason 
was obvious, that the young wood could be filled with the creosote oil ; 
but if that young wood was cut off, and only the heart-wood left, the 
creosote could not get into it. The engineer to whom he alluded strongly 
recommended that all piles used permanently in sea-works should be 
entirely round. 
Mr. ВяЕп.рв һай examined some timber bridges in Pernambuco during 
a short visit to that country, and in one, which had only been constructed 
three years, he found the ends of the timber bad been placed in contact with 
the moist clay ; at those places he could readily knock off the crust of the 
wood, and the interior of the wood was almost filled with white ants. Не 
had no doubt the dccay was augmented by the contact of the wood with 
the moist clay. In such a case he would have taken care that the ends of 
the timber were embedded in masonry, or that the spot where the 
wood rested was dry and well drained. At Bahia he had opportunites of 
making more extensive observations; and timber there appeared to him 
to be less affected, generally, by the white ant than in Pernambuco. It 
had been ascertaincd that timber was preserved for a considerable time 
by being embedded to the depth of about 2feet in the sea-sand, which 
protected it also from the attack of the teredo. Timber was stored for 
the Government works in considerable quantities in that way, and, 
having in some instances been forgotten, discoveries of seasoned wood 
were occasiona)ly made on the shore. That fact appeared to show that 
timber, wben wholly embedded in such situations, was suitable for piled 
foundations, and might also be applied economically by those who had 
wharves or jetties to build in that country, by forming the underground 
art of the piles of timber, and using iron for the upper portion, He 
bad had opportunities, in the carlier part of Lis life, of making observa- 
tions upon Australian timber, und it showed the difference of effects 
between one climate and another, that in Brazil the more porous and 
open-grained timbers were most subject to tbe attacks of the white ant, 
but that in Australia it was the reverse, for there it was the hardest 
description of timber that those insects first attacked. There was one 
wood in particular in common use to which this remark applied, it was 
called “iron bark." Its density was so great that it sunk in water, 
and its strength was extraordinary, almost approaching to that of inferior 
iron in tenacity and resistance to strain. И was this wood the white 
ants particularly attacked. Не had tried the effect of coal-tar in 
destroying white ants. Не bad taken short baulks of timber where the 
ante had commenced operations, and tried the system of pouring a very 
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smell stream of coal-tar through the heart of the timber which the ants 
had hollowed out, &nd afterwards splitting it open to see the result. He 
found the white ants completely destroyed; they were shrivelled up like 
shreds of half-burnt paper by tho mere effluvium of the coal-tar, and 
after that experiment he never rejected a piece of timber because the 
white ants had commeuced operations upon it, as had been previously 
the custom, whilst he was able to destroy them thoroughly in that cheap 
тау. It was to be remarked, with regard to the timber of Brazil, that it 
was very brittle; and his experience tbere led him to the conclusion 
that the best course for an engineer to follow was, as much аз possible, 
to have his materials from England, and that iron- work and iron sleepers 
were peculiarly adapted for & country of that kind. It occurred to him 
even now that for tropical climates wrought iron transverse sleepers, if 
it were possible to make them within reasonable cost, would be the best 
for permanent way ; and the next opportunity he had be should endeavour 
to design something of that sort. With геврес to the suspension of the 
cross-girdera of iron bridges from the lower flange of the main girder, 
instead of from the vertical web, he thought Mr. Mann was right in the 
remark that it was better to attach the girder to the vertical web than 
to suspend it from the flange, but that the correct reason for that opinion 
had not been stated. The true reason was, that if the cross-girders were 
attached to the vertical web, they were suspended not from the head 
but from the shank of the bolts; whereas, if attached below the main 
girders, they would be suspended not by the shank but by the head. He 
thought every practical man knew that the weakest part of a bolt was 
the head ог nut, and especially во when it was exposed to any sudden 
shock, such as the blow of a hammer. Пе had screwed bolts for experi- 
ment very tight, and the fracture occurred generally at the nut, but 
never in the shank. In attaching cross-girders to the vertical web, 
the bolt or rivet must be sheared through tho shank hefore a failure 
should occur, while the heads, which were the weaker part, were only 
employed in keeping the work together, and were therefore only subject 
to slight strains. Indeed, if both heads were knocked off the rivet, the 
work might to a certain extent stand good if suspended from the shank, 
but the work would give way directly under the same circumstances if 
suspended from the head. For that reason, he thought girders were 
better suspended from the vertical web (the proper amount of rivetting 
being, of course, provided as much in one case ав the other), as in ғо 
doing there would be a clear shear through the shank of the nvet, which 
presented greater resistance than the head, and was a safer plan for with- 
standing the jarring of railway trains. 

Mr. Jonn Сльхват remarked that a residence of twenty years in 
tropical climates had given him some insight into the decay of materials, 
especially of timber, and he would state a few faots that had oome under 
his observation. 

With regard to timber as sleepers, he remembered that eighteen yeara 
ago the Jamaica line was laid with kyanized sleepere, but in less than 
twelve months they were nearly all decayed, after which recourse Was 
had to the native “ cashaw ” wood, a species of the acacia something 
lize mahogany in appearance, and вв hard. The timber was sawn down 
the centre, and laid with the fiat side down, and the sleepers had lasted 
from that time to the present. A similar wood grew in the Punjab, 
called Babool, which formed the principal fuel for the steamers on the 
Indus and Chenaub rivers. It was proposed to use it for sleepers also 
on the Mooltan and Lahore line, but it was doubtful if a sufficient supply 
could be obtained. With regard to the depredations of white ants, any - 
thing of a bitter taste injected into the fibre prevented their attacks, 
though it might not have the same effect ав coal-tar; but evcn а small 
quantity of turpentine had the effect of killing them instantly. The 
kyanized sleepers he had spoken of were destruyed, not by anta, bat by 
rot. He could confirm the statement with regard to hard wooda, that 
the black ants of the West Indies were more destructive in that quality 
of wood than in soft, and attacked certain kinds of wood with great 
voracity. In pulling down the old cathedral at Jamaica, some of the 
timbers of the roof, which wore of hard weod, were eaten away, and a 
cart-load of nests formed by the ants was removed, after being cut away 
with great labour by hatchets. There were some descriptions of wood 
in the West Indies, such as the bullct-tree and lignum vitm, which 
were not affected either by the teredo navalis or by the black ant, and 
when used for piles were never known to decay. ln surveying one of 
the great lagoons, he remarked an old post of lignum vite in water, 
about 12 feet below the level of the sea. It was in the shupe of в crosa, 
and was said to have been placed there by the Spaniards hundreds of 

ears ago. It was not decayed in the water, and very little affected 

tween wind and water. At tho Cape of Good Поре, various methods 
were adopted for preserving the piles used for the jetty. One method 
was to case them in iron; another was to drive hard nails all over them, in 
the hope that the oxidation of the heads of the nails would form a coating 
on the outside, and defend the timber from the worms. In India the 
white ants were exceedingly destructive. In piles of sleepers which had 
been lying ready for use about eight months, at least 10 per cent. were 
found decayed at the heart. He wasinclined to the opinion that frequent 
vibration, such as was caused by the passage of trains, acted as a protec- 
tion against white ants; and he knew of an instance in which the 
timbers of a house were periodically beaten with hammers to keep the 
ants away, With regard to stone, һе had found in the tropics that the 
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application of linseed oil not only acted as a preservative, but rendered 
soft stone in the course of а short time so hard that в chisel would 
scarcely touch it, and that remark applied to imported Caen stone as well 
as to the chalk stone found in the West Indies. In Jamaica he found 
tho finest bricks he had ever seen ; not only were those bricks well made, 
but the material itself was good, and there were buildings which had 
stood from time immemorial without showing any signs of decay. At 
the Cape of Good Hope the best mortar was made of shell lime, and, 
even when mixed with sea-sand, it was exceedingly hard and durable. 
Both there and in India, sun-dried bricks were much used for inferior 
and cheap building. At the former place there were vineyard walls of 
sun-dried bricks now standing which were built before the English took 
possession, the clay being of a tenacious quality. 

In the Punjab, however, the clay was very inferior, and soon melted 
with the rain, во that when the country was flooded, two or three railway 
bungalows had been seen to fall in a few days. In spite of this, the 
Kutcha-work (or mud-work) was largely adopted. The burnt bricks in 
the Punjab were not во good, from the extensive exudation of phosphate 
of soda after the work was built. That defect was, however, remedied 
to a great extent by covering the bricks with plaster. In the neighbour- 
hood of Agra, telegraph posts of stone, obtained in long lengths, had been 
adopted to a large extent in place of timber posts, the rapid decay of 
which had greatly retarded telegraphic extension in India; but the difi- 
culty was being met by making the lower part of the posts of cast iron, 
into which wooden posts were inserted. 

Mr. Tuomas У ввзткв 6814 that the observations respecting the value 
of young wood, reminded him of the elaborate experiments that had been 
made some years ago with chloride of zinc, sulphate of copper, and other 
chemical preparations; but in all those cases, the question depended 
upon the quantity of those salts which could be absorbed in the soft 
woods. ith regard to the chloride of zinc, it had a remarkable property 
of amalgamating or uniting with the albuminons matter of the wood, 
and thus acted as a preservative. Не apprehended that by these experi- 
menta, the value of young wood for these purposes, by reason of the 
albuminous or other matter contained as a vehicle for uniting with the 
preserving material, was established beyond all question. 

Мг. J. G. Сосквовм Curtis said no mention had аз yet been made of 
one of the sources of decay of buildings in tropical climates which he 
had particularly observed in India. He alluded to the presence and sub- 
sequent germination of vegetable matter or seeds in the mortar. When 
he was employed in the Publio Works Department of the Madras Ргез!- 
dency, it was found ver that periodical inspections should be made 
to guard against this evil. Іп some instances, where proper precautions 

not been taken, roots had formed very rapidly, and of such great 
size as to bodily dislodge by their pressure large stones from buildings. 
Mention having been made of the duration of masonry work in India, it 
might be worthy of attention whether the practice of the native masons 
prior to the period of railway engineering had anything to do with it, 
A proportion of “ Jagherry," or coarse native sugar, varying from atout 
2 per cent. in ordinary work to from 5 per cent. 40,8 per cent. in arch 
work, was mixed with the lime. The chemical effects of Ше“ Jagherry ” 
had been investigated by some engineers in India, but no very definite 
conclusions upon the subject had been arrived at.* 

Мг. Г. М. Нвррвг, having been engaged in public works in India, 
could confirm the statement with regard to “ Pagherry” having been 
used in the mortar, and that the mortar so made set exceedingly well, 
and was very durable. Ав the result of his general experience in India, 
he thought none of the preservative processes for timber which had been 
mentioned were entirely reliable; and, in connection with the Madras Rail- 
way, һе inclined to the opinion that iron was the only material suitable to 
the circumstances met with in those climates. With reference to the loss 
of metal in rails, be had investigated that question, and found that rails of 
72 lbs. per yard had, in one instance, deteriorated to the extent of 3 lbs. 
Ре yard by lengthened exposure to the sea air in stacks, though when 

id in the sand they lost very little. One great obstacle to the obtaining 
of reliable results was that from the nature of the climate, and from other 
circumstances, offices in India were generally held but for a short time, 
a lengthened residence in that country being the exception. He thought 
those engineers in Great Britain who, from their connection with Indian 
railways, had accumulated a large amount of information in the reports 
sent home from various sources, were usually better able to give an 
opinion on these matters than those who had been resident in India for a 
comparatively short period of time. Amonget residents, euch men as 
Mr. Berkley, who sacrificed his life to his zeal in conducting a most 
arduous undertaking, and Mr. Turnbull (to both of whom he had been 
much indebted for advice and information collected during a great 
number of years in India), were the mon whose opinions on such 
matters were entitled to the greatest weight, and he preferred to draw 
upon the experience of such men, rather than to rely entirely upon his 
own. 


* Vide “ Heporta, Correspondence, snd Original Papers on various professional 
mbites connected with the Corps of Engineers, Madras Presidency,” B i,p. 119; 
vol. i., р. 193. 
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THE ARCHEOLOGY OF EASTBOURNE, SUSSEX. 


By тне Rev. E. Товкев. 


Тив design of this paper is to finish в short account of such 
objects of archwological interest as have been discovered from 
time to time in Eastbourne and its immediate neighbourhood. 

I shall commence with a most interesting discovery which 
was made here in 1805, when, by the fall of a portion of the 
cliff at or near to the Wish, four Celtic gold bracelets, very 
similar to those which were discovered four years ago at Mount- 
field, were brought to light, the heaviest of which weighed 
rather more than 3 о2., and the lightest 16 dwts. and 4 ртов. 
The first was found by a man led to visit the spot by curiosity, 
and who, not at all knowing its value, took it to Mr. Holt, then 
a silversmith here, who, to his great astonishment, gave him £3 
for it. This led the man to make a further search among the 
fallen chalk, which resulted in his finding two more, and a fourth 
was subsequently found. These Mr. Holt also purchased. An 
examination of the cliff where the slip had taken place was after- 
wards made, when several bronze instruments were found em- 
bedded in it, at a depth of about 10 ft. from the surface. These 
consisted of three celts of the kind called palstraves, two socketed 
celts, а sword, and three lumps of pure copper, showing that 
they must have been lost or hidden there by some native maker 
of such bronze instruments. This discovery reaching the ears 
of Sir Joseph Banks, he wrote to Mr. Holt about them, and 
through him they were exhibited at a meeting of the Society of 


Antiquaries in London, March 19, 1807, together with the celts 
and sword; after which Sir Joseph became the purchaser of 
them, and they are now in the British Museum, having gone 


there from the collection of Mr. Payne Knight, in 1836. 
ü Mr. Harvey, of Lewes, has an ancient British gold coin found 
ere. 

I shall now proceed to show the claims which Eastbourne has 
to be considered a Roman station. That it was so is clearly 
proved by the Roman remains which have been discovered in 
and around it. In 1717, а tesselated pavement of considerable 
size, в bath, and other indicia of these early invaders of this 
country, were discovered in a field by the seaside, now forming 
the site of Cavendish-place. The discovery was made by work- 
men engaged in р в post and rail fence. In digging the 
post-hole, the tool made use of struck upon something that 
offered a strong resistance, and upon opening a wider space to 
ascertain what it proceeded from, the Roman pavement was 
discovered. That eminent physician and antiquary, Dr. Tabor, 
of Lewes, who drew up an account of it, which will be found in 
the 30th volume of the “ Philosophical Transactions,” says that 
the whole field, which measured four acres, is supposed to be 
full of foundations. The length of the pavement was about 
17 ft., and its width about 11 ft. It was constructed of coarse 
tessere, with a pavement of brick around it, the whole being so 
firmly cemented together that, as I have already said, the work- 
men had some difliculty in breaking through it. As Dr. Tabor 
does not speak of any figures simile to those which so beauti- 
fully adorn the Bignor pavement, it was, I presume, quite plain. 

Other remains of the same people were found here in 1848, 
by Mr. James Berry, an Eastbourne architect, at a point to the 
west of the “Sea Houses,” and but a short distance from 
Trinity Church, the direction of its massive walls, which varied 
from 26. to 4ft. in thickness, and which were constructed of East- 
bourne stone, being north and south. Mr. Lower, who inspected 
it soon after it was opened, succeeded with the help of Mr. Д 
іп tracing its connection, М means of. corridor, with the bath, 
and pavement previously found. Besides fragments of pottery, 
of various kinds—black, brown, and red—two coins much’ 
corroded, а flint celt, bones and horns of various kinds of 
animals, tiles of red earth, impressed with a variety of patterns, 
and a small bronze, were found upon the site. Ав portions of 
Pevenscy Castle, from which Eastbourne is distant about 4 miles, 
are manifestly of Roman construction, and its claim to have 
been the site of the Romana-British city Anderida which 
Dr. Tabor claimed for Eastbourne, is now very generally 
admitted, the Roman remains discovered here were probably 
the foundations of the villa residence of some Roman officer, 
high in station and command there. 

On the Downs, north-west and west of Eastbourne, Roman 
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urns, one containing horses’ teeth, and others burned bones, and 
skeletons which had not undergone the process of cremation, 
have been disinterred. The two fragments of Roman pottery 
now exhibited were found about two years ago, having been 
thrown out with the earth which it became necessary to remove 
for the extension of the esplanade towards the Wish. Mr. 
Harvey, of Lewes, and Mr. Emary, of Eastbourne, are both of 
them in possession of Roman coins found in and around East- 
bourne. 

In the spring of 1847, during the time the railway from 
Polegate to Eastbourne was in the course of construction, the 
navvies, in making a cutting in the part that passes through 
Willingdon, discovered an ancient coffer. It is of cast lead, and 
measures 12 in. in length by 11 іп. in breadth. Its depth is біп, 
It has at each end sockets for iron shifting handles. On the 
longest side it has a triangular device of interlaced work, 
including a cross ; an ornament not uncommon on Runic monu- 
ments. Тһе whole is enriched with corded work. Various are 
the conjectures as to its date and use. By the Archeological 
Society and the Archwological Institution it is considered to be 
Anglo-Saxon, and its date to be about the tenth century. Of 
its original use no satisfactory opinion has been advanced. 
Mr. Roach Smith thinks that such leaden vessels were used by 
the Romans for coffins. Its resemblance to the leaden cists in 
which the bones of Gundrada and her husband, ће Earl of 
Warren, were discovered under very similar circumstances in 
the priory grounds, at Lewes, are very remarkable. 

Another object of а interest found at Eastbourne, 
but in what year I am not able to say, is an ancient bronze seal, 
bearing an armorial shield, semàe of cross croslets fitchee, a 
lion rampant, and the inscription. 


“818: IOHANNIS : LIVET.” 


In the sixteenth and seventeenth centuries there were Levetts 
residing at Warbleton and Salehurst in the eastern, and at 
Fittleworth in the western division. Mr. Walford, however, 
thinks it not unlikely that this seal belongs to John Livet, who 
was the certified lord of the township of Firle, in 1316. 

Before I conclude my list of archmological discoveries in 
Eastbourne, I must not omit to notice the most remarkable one, 
perhaps, of all; namely, the gold coins, with Mohammedan in- 
scriptions of the eighth century, which were found here about ten 
or twelve years ago. It has hitherto baffled the endeavours of 
the keenest archwological mind to discover to what fortuitous, 
circumstances we are to attribute the cause of such coins being 
found here. В 

Of the two lost towns of Hidney and Northey, both of which 
were limbs or members of Hastings, as one of the Sussex Cinque 
Port towns, Northey was about four miles from hence, in the 
Liberty of the Sluice, near to that part of the coast where the 
whale was cast on shore two years ago; but Hidney is described 
as having been situated between Pevensey and Eastbourne. Of 
these two extinct Sussex towns, I shall say no more at present 
than that I have been for some time collecting materials for & 
history of them, the result of which I hope to be able to give to 
the Society in the next volume of our Collections. 

Nothing need be said of the beautiful parish church of St. 
Mary, of the old parsonage-house adjoining the churchyard, or 
of the old crypt under the inn, for these we have just visited— 
the church under the able guidance of the vicar. Of the crypt 
I shall only add that the celebrated inn at Alfriston, and the 
well-known Star Hotel at Lewes, have, both of them, similar 
crypts under them. ХА 

I might refer to the wonders of Beachy Head, which is second 
only to that renowned cliff near Dover which Shakspeare has 

"зо beautifully described ; of “ The Charleses," which once were 
conspicuous landmarks, but which have been obliged to lower 
their heads in submission to the all-devouring hand of time, a 
fragment of one of the seven only now remaining to mark the 
spot where they stood, and this remnant tottering to its fall ; 
and of that extraordinary artificial, but evidently ancient, cavern 
to the west of “ Тре Charleses,” the origin and date of which 
are unknown ; such caverns, however, it may be observed, are 
not uncommon in the cliffs on the coast of Scotland, and of great 
antiquity. The cavern of which Iam now speaking is usually 
called “ Parson Darby's Hole.” Parson Darby was Ше incum- 
bent of Eastdean about the year 1680, and was much in the 
habit of visiting this cave. 
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THE CIVIL AND MECHANICAL ENGINEER'S 
SOCIETY. 


Tuts Society has now been in active operation for seven years, 
and our readers will feel interested in its progress. It was 
formed by a few junior members of the profession in the year . 
1869, has since been perseveringly pursuing its aims. It 
has met with some of the usual difficaltios of all new associa- 
tions, but may now be considered to have attained a permanent 
position. Until lately the meetings of the society were held at 
the Freemasons’ Tavern, Great Queen Street; but, owing to the 
rebuilding of that establishment, temporary accommodation has 
been obtained, but shortly a more suitable and permanent meet- 
ing place will be secured. 

e council state that the society is intended simply as a 
medium for the interchange of ideas and information upon 
engineering subjects, and generally to promote the acquisition 
of professional knowledge by its members, who for the most 
part being juniors, feel that they could not, in the earlier в 
of their professional course, derive from the older societies 
kind of advantages they need, even if they were eligible for 
membership. : 

The President for the session 1866-67, just commenced, is 
Mr. G. Eedes Eachus, and the society includes among its 
honorary members Mr. Charles Vignoles, F.R.S.; Mr. С. W. 
Hemans, F.R.G.S.; Sir Henry James, C.B., F.R.8.; Mr. R. 
Sinclair; Captain Symonds, RN ; Фе. 


— 


At the opening meeting of this session the President delivered 
&n address, some extracts from which we append :— 


The properties of materials used in engineering constructions 
аге of two kinds—structural and demai. | 

Of all materials used, stone із by far the most important, but 
the great increase in the value of it which has of late taken 
pue» in consequence of the liege engineering works in hand, 

led men to look about to seek, if possible, some substitate 
for it. Granite, for instance, is now about 30 per cent. dearer 
than it was a short time since. Among such substitutes, Mr. 
Ransom's invention stands out prominently. He has succeeded 
in produoing an artificial stone of a superior kind, which is to be 
tried on a large scale at Cranston’s Hotel, New York, now in 
course of construction in that city, which is being built with this 
material. The character of the materials used for cementing 
stones and bricks is of almost equal consequence with the stones 
and bricks themselves. In these cementing materials great 
improvements have been made, owing to the high requirements 
of several eminent engineers, and especially the engineers to the 
Board of Works. 

The standard of weight and strength of cements has been so 
increased as to necessitate corresponding improvements in their 
manufacture; and, certainly, practical civil engineers will never 
specify materials which the manufacturer is unable to produce. 
Iron and steel must continue to increase in favour for engineer- 
ing pure the latter especially giving proofs of such great 
tensile strain as to make the use of it an absolute necessity ; 
whereas, for instance, in very large bridges it would not be - 
sible to secure the span required if wrought and cast iron, which 
have less strength, and consequently greater weight, could alone 
be used upon the work. At present, iron and steel are but little 
used in the construction of breakwaters and other sea defences, 
though they enter largely into the construction of jetties, piers, 
&c., but it seems well that they should be employed much more 
frecly in all such constructions, as by the use of them not only 
would the expense be much diminished, but it would then be 
possible to imitate similar works in the Mediterranean, where 
the sea walls are built on arches, to allow the free passage and 
consequent scouring of the deep water. 

А better пара ра of chemistry has been the means of effect- 
ing many great improvements in the manufacture of iron. 

. Gaudin discovered two ways of producing a түлі ітоп, 
the one by adding to cast iron in fusion boron, and the other by 
adding phosphate of iron and peroxide of manganese ; the metal 
thus produced he recommended as a material for bells, аз being 
very sonorous. 

For supplying London with pure water, and in larger quantities 
than the prera companies ате able to do, I consider Mr. Bate- 
man’s scheme one of the best. This eminent engineer, in a 
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pamphlet published for private circulation, has advocated the 
supply of water to London from the sources of the Severn. 

After showing the rate of increase in the population of the 
metropolis, and the still greater growth of the suburbs, he justly 
concludes that a prenter quantity of water will be required for 
their supply; and, further, from the increase in the amount of 
impurities contained in the water, that there be also necessitated 
в purer and softer supply. It has been suggested that the 
present water is good enough for washing огровев, and that 
water of the purest kind rim be supp! 2A only for drinki 
purposes ; but, in truth, for washing also the softer water woul 

required, as the softer the water the less the amount of soap 
used, and, consequently, so much less the expense of cleanliness. 
Indeed, Mr. Bateman estimates this saving at £400,000 per 
annum. It is probable that the Thames water, in the course of 
а few years, be much purer than at present, and a Bill for 
Thames purification was passed in this last session; but with all 
our efforts in that direction, some measures of an entirely new 
character will have to be adopted. Мг. Bateman, arguing from 
the quantity of water at present used in the metropolis, and 
taking into consideration the increase according to past years, 
is of opinion that no scheme deserves attention unless by gravi- 
tation it is able to supply the metropolitan district with 
200,000,000 gallons per На The nearest district for such 
supply is to be found in the upper basin of the tributaries of the 
River Severn. 

The fall of rain there may be safely estimated at 70 or 80 inches 
per annum, but Mr. Bateman’s calculations are based on about 
one-half, or 36 inches per annum. 

There are no metalliferous veins to contaminate the water in 
these districts, which have a total area of some 120,000 acres, 
and the discharge-pipes of the lowest reservoirs would be placed 
450 feet above Trinity high water mark. From the two districts 
which Mr. Bateman selects, he would carry separate aqueducts 
to Martenmere, each capable of conducting 130,000,000 gallons 
per day. From Martenmere the water would be conducted by 
а common aqueduct capable of conveying 220,000,000 gallons 
daily to the high land near Stanmore, where reservoirs would be 
placed for supplying the metropolitan districts at Шар pressure 
and on the constant supply system. It is probable that the 
water derived from the above sources will be about 1° of hardness 
with about 1:25 grams of organic impurity. The cost of the 
undertaking, which certainly seems large, owing to the distance 
which is to be traversed (183 miles), is to be met by two rates, 
one a public rate on house property, the other a domestic rate. 
The following shows the estimated receipts :— 


Probable annual value of surplus property ... £50,000 
Sales of water for trading purposes of com- 
panies which may be disposed of, and to 
suburban districts and places on the line 

of aqueduct, probably — ... MS .. 260,000 
Compulsory rate for domestic supplies at 10d. 

1n the pound on £12,000, vee ... 500,000 
Compulsory public rate at 2d. in the pound on 

18,000,000 ое o. 150,000 

£950,000 


The total cost for the first supply of 130,000,000 gallons per 
day is estimated by Mr. Bateman at £8,600,000, and the sub- 
pin outlay for completing the whole scheme of 220,000,000 
gallons per day would bring this up to £10,850,000. Mr. Bate- 
man's scheme is, I believe, the result of very careful surveys, 
and deduced from 8 sound knowledge of both the geological 
nature of the district traversed and the peculiarities which 
render it suitable for supplying water to the metropolis.' It is 
to be hoped that the next session may bring this scheme pro- 
minently before the public and the engineering world. 

The next scheme to which I will allude is that of Messrs. 
Hemans and Hassard, which, like the one proposed by Mr. Dale, 
of the Hull Corporation Waterworks, а др lok for the water 
supply from the Cumberland lakes. Messrs. Hemans and 
Hassard, however, propose to supply the metropolis and towns 
in the direct route to London, while Mr. Dale proposed to 
convey the water to the populous districts of Yorkshire and 
Lancashire. The lakes from which the water would be taken 
lie at a distance of 240 miles from London, and Messrs. Hemans 
and Hassard would provide for a daily supply of 200,000,000 

ons for the metropolitan districts, with a further 50,000,000 
ог sale to districts traversed by the aqueduct. 
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The works on the Eastern side would commence with an 
intercepting conduit tapping the tributaries of the River Lowther, 
and running into an auxiliary reservoir at Swindale, hence by 
another conduit tapping the tributaries of the Hawes water, and 
into this lake, the surface of which would be raised 42 feet. 

Another interce ара conduit would carry the water from 
the Hows Beck, Gill Beck, and Heltondale Beck streams into 
the Hawes water. The water from this lake would then follow 
the course of the River Lowther to a point about 1} miles 
south of Askham, where в third conduit is placed to convey the 
water into the River Eamout and the Ullswater Lake. The 
waters of the Dacre Beck would also be conducted into the 
Ullswater by means of an intercepting conduit. The waters of 
the Mosedale Beck, Trout Beck, Barrow Beck, Watendlath and 
Coldbarrow Fells, would all be intercepted by conduits and 
conveyed into Thirlmere. The waters of a further area of six 
square miles would also be conveyed by means of short inter- 
cepting conduits and a tunnel under Dunmail Raise Pass into 
Thirlmere, which would be raised 64 feet. 

A compensation reservoir would be constructed on St. John's 
Beck to receive the waters when Thirlmere is full; such waters 
are to be given out as compensation to mill-owners on the River 
Greta. e waters from Thirlmere and Ullswater would be 
used for the supply of towns, the waters of the River Lowther 
being chiefly used for compensation. The water from Thirlmere 
would be conveyed by means of conduit and tunnel to Ullswater, 
and from the latter the supply would be conveyed by conduit 
and tunnel to Harrow, where a regulating reservoir would be 
constructed, at a distance of 12 miles from London. 

The total cost of this scheme, as estimated by Messrs. Hemans 
and Hassard, is £11,200,000, and the annual expenses £973,000, 
to meet which there would be a probable income of — 

From the sale of 50,000,000 quon daily 


to towns, &c., on the line of aqueduct, at 
34. рег 1,000 gallons .. ... .. £228,125 
From the sale of 30,000,000 of gallons daily 
in London for public and trading pur- 
poses, at 3d. per 1,000 gallons ... .. 186,875 
an average rate of 104. in the pound 
on а property of £16,000,000  ... 666,666 
£1,931,666 


There is also a scheme of Mr. Fulton’s which is to be brought 
forward next session by the existing water companies, who 
doubtless are reluctant to rclinquish their large profits, and 
finding Mr. Fulton’s estimate considerably below those pre- 
viously mentioned, seem inclined to support it. 

Mr. Fulton’s plan resembles very much Mr. Bateman’s, but 
the source is not sought for во far, as he proposes to take the 
supply from a little above Tewkesbury, to do which he must 
divert the sewage of all the towns above that point. And if this 
is impracticable, he would propose to take the water from the 
sources of the River Wye. In the latter case the estimate 
ns be about five millions and a half, in the former only three 

ons. 

There is another suggestion, to which I have already referred, 
from Mr. Gower, with an estimate of £4,328,500, but this 
appears not likely to be adopted, as being only a partial remedy. 

s gentleman would not supply soft water for washing, but 
only for drinking purposes. But, as we have said, a great saving 
would be effected by the use of soft water for washing purport, 
which would be a set-off against the increase in the origi 
outlay, and we may feel certain that no scheme for the water 
supply of the metropolis will be adopted which does not supply 
soft water and soft water only. 

The schemes for crossing the channel are even bolder than 
those for the water supply of London. Tbis communication, 
however, is less important than the other great measures, which 
are urgently called for as essential to the cleanliness and well- 
being of the inhabitants of this vast metropolis; it is, conse- 

uently, less likely of a speedy accomplishment, and I shall 
therefore allude but briefly to the several plans suggested. In 
the beginning of the present century, before the time of railways, 
a French engineer, Mr. Mathieu, proposed a tunnel which was 
designed for ordinary traffic, and was to be lighted by bey 
Among the many other plans subsequently proposed, one of the 
boldest is that by M. A. Thomé de еріндегі He would connect 
Eastware, near Dover, with Cape Grisney, at an estimated cost 
of seven millions. His idea includes the construction of an 
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island in mid-channel, also subterranean approaches to the sub- 
marine tunnel (that on the English side 3} miles long, that on 
the French side 5 miles long), and two large shafts at either end 
of the submarine tunnel, an immense tower being also provided 
for access to the island, and for ventilation in the cen part of 
the tunnel. This scheme was brought forward by M. Gamond 
about nine ycars ago, and since then the question seems to have 
been but little mooted until last year, when Mr. George 
Remington made the necessary surveys for laying down a line 
between Dungeness and Cape бітеу. This route was chosen 
by Mr. Remington as avoiding the chalk, which, from his expe- 
rience, would render futile any attempt to tunnel betwecn Dover 
and the French shore. So far, however, as that point is con- 
cerned, it would, in my opinion, be quite possible to tunnel 
between those points, and I see no great advantages in the route 
suggested by Mr. Remington as compared with the Dover route, 
for the object is not to connect England with France alone, but 
with the whole continent. As regards the approaches, Dunge- 
ness, from its lower level, would be probably more suitable, and 
the less amount of water in this route is До a decided advan- 
tage. Iam not aware that the estimates of Messrs. Remington 
and Hawkshaw are definitely given, but they would радар? be 
about 10 millions. Mr. Remington proposes to construct three 
shafts, one at Dungeness, one on the ridge which is crossed by 
his line in mid-channel, and the third at Cape Grisney, in 
France. 

For the construction of the tunnel, temporary shafts of 
wrought iron would be used, and the tunnel would be made 
sufficiently wide for two lines of railway, two smaller tunnels 
being provided for ventilation, &c. There is not published suf- 
ficient information concerning Mr. Hawkshaw’s tunnel to allow 
me to give a full description, but we shall doubtless before lon 
have complete details, not only of the route to be taken, but o 
the construction of the Channel Railway, according to the designs 
by this eminent engineer. А bridge across the channel is also 
said to be suggested by Mr. McClean, but of this I can sa 
little. It would, if completed, be more acceptable than a tunnel, 
but the expense would probably be nearly double. Pending the 
execution of these gigantic undertakings, Mr. Fowler's Channel 
Ferry is the readiest remedy, and might be used in the mean- 
time. 

Military engineering now becomes a part of the civil engineer's 
education, and the successful progress in the manufacture of 
large artillery makes it a matter alike interesting and important, 
interesting on account of the great experience it gives in the 
manufacture and manipulation of the largest masses of metal, 
and of the utmost importance, not only because artillery forms 
the vital strength of our national defences, but also because we 
are sadly forced to admit that, notwithstanding all her expendi- 
ture, England is now, in this respect, behind two, if not three, 
other European nations, and these the nations from whom she 
would always have most to fear. 

The Americans, without donbt, are far ahead of us in the size 
of their naval artillery. Тһе Rodman gun, with which many 
of their Monitors are armed, could only be successfully op- 
posed by our 600-pounders, of which we have the good fortune 
to possess an unlimited supply in the two disabled specimens, 
* Big Will" and his brother, and a prospect of six or a dozen 
others to bear them company in their misfortune. Тһе French 
are also unanimously in favour of heavy guns for their fleet, the 
ironclad portion of which we must allow to be cased with much 
thicker metal than our own ironclads. They have 18 vessels 
with а 6-inch coating, and 7 with 8-inch coating. against 3 vessels 
of ours, with 6-inch and 1 with an 8-inch coating. The French 
seem also to have adopted the plan of casting tleir large guns, 
and have apparently succeeded in making guns capable of 
throwing 150 or 300]b. shot. 

The largest cast gun at present employed in the English navy 
is the Somerset 100-pounder, the Woolwich authorities seeming 
to be bent upon making larger guns, according to some one or 
more of the built-up processes. The Armstrong has been for 
some years the favourite at Woolwich, but, owing toits numerous 
failures, this seems about to be finally abandoned for some other 
method, and it is to be hoped, for the sake of England’s purse, 
credit, and power, that better success will attend the efforts of 
the present Government than we have recently seen achieved in 
this department, as they succeed to their work invigorated by a 
long term of repose. Perhaps the principal methods of con- 
struction now before the English public, and which may be 
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опелу menaced: are (in addition to the well-known Arm ) 
the Blakely, the Fraser, the Mackay, the Whitworth, the Palisser, 
the Parsons, the new Woolwich, the Епссвоп, the Longridge, 
the Ames, the Krupp, and the non-recoil gun. 

The Blakely system (which includes the Armstrong, Fraser, 
and new Woolwich) is, as is well known, founded on the principle 
of strengthening guns or tubes by means of hoops or rings 
shrunk on so as to give an external tension and an internal com- 
pression to the material. The Fraser, Armstrong, and Wool- 
wich guns differ from the Blakely merely in the construction of 
d hoops; or the mode of putting them on, so as to include the 

reech. 

The Palliser and Parsons 8 are constructed on a new 
principle, and have for their chief object the making use of the 
саак stock of old guns. In these systems а steel tube is 
inserted into the bore, and it need not be said that to do this 
requires the most careful workmanship, or very uncertain results 

ill be obtained. The Mackay gun, like the Whitworth, is not 
so much a novel constructiofi of gun as a new method of rifling 
but the principles of the two systems are exactly opposite. 

The Whitworth, aiming at tight, close-fitting shot, would 
require to be made according to one of the above-mentioned 
methods if made of a large calibre, while the Mackay, having a 
very great amount of windage, allows English gunpowder to act 
similarly to the slow-burning powder used by the Chinese, and 

robably by the Americans, for it is загону likely that the 
man cast guns would stand a full charge of English powder. 

The Mackay gun principle, then, is suitable for guns throw- 
ing heavy shot, and such guns, on account of the rotation given 
to the shot, would excel the Rodman or Somerset smooth bores, 
not only in point of accuracy, but also in durability, if strengthened 
on the Blakely system. The Ames gun is purely a wrought 
iron gun, е by welding together in succession rings or cross 
sections of the gun, and possesses no advantage of initial tension, 
but merely of material. As might be expected, it yields beyond 
the limit of elasticity, so as to become permanently enlarged. 

The plan which has been proposed of inserting a steel tube 
into the bore would probably prolong the life of such a gun, but 
it would thus become a most costly article, and scarcely less 
difficult to make than the cast steel guns of Krupp. : 

There are two other methods of strengthening a tube to form 
a gun. One is the Ericcson method, which consists in forcing 
on to the conical tube discs of iron or steel; but here again, as 
in the Blakely, there must be most careful workmanship, other- 
wise no satisfactory results can be anticipated. The other plan 
is an old one as regards the time of being е and has not 
yet received the attention it deserves; I allude to the wire 
system of Mr. Longridge. This, in fact, is the same as the 

lakely system, carried almost to perfection as regards the num- 
ber of rings or hoops, but without its disadvantage of requiring 

at accuracy of work. In fact, in the wire system a can 
Bo made of almost unlimited size or strength, and that, more- 
over, at very much less cost than on any of the other systems. 
The limit to the size is not the difficulty of manufacture, but the 
mere question of facility of use. Іп this system, where the wire 
is wound with а calculated tension on в rough. light casting of 
steel or iron, а gun can be made with all the advantages of steel 
for the interior, and of steel wire, the very strongest material 
known, for the outer portion, and the gun is made in the easiest 
manner by winding on the wire. This ig the cheapest form of 
gun; the cost, for instance of & 600-pounder on the Woolwich 
system is £4,000, while the same sized and more effective gun 
constructed on the Longridge system would cost about £800 
or £1,000. If this system were & plied to the non-recoil А 
І think we should have a more etlective and cheaper gun 
any at present in use. Тһе question of breech-loading small 
arms is also one of great interest to the engineer, as it is в 
question of the best mechanical means to accomplish a definite 
end, and here again the Americans have gone ahead of us, as 
there is little doubt that as effective weapons the Spencer 
Henry and other repeaters must be superior to a simple breech- 
loader like the Bader, 

The Atlantic Telegraph now forms the grandest of connecting 
links between the old and new worlds. The laying of the cable 
of 1857, commenced on the 6th August, when the Niagara 
started from Valentia, and on the 6th day, August lith, the 
cable parted in 2,000 fathoms. It was. however, decided to lay 
a similar cable the next year, and, acrording ly: on the 29th May. 
1858, the Agamemnon and Niagara sailed for an experimental 
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trip to the Bay of Biscay, their object being to ascertain the 
racticability of splicing and submerging the cable in mid ocean. 
The experiments were made in 2,600 fathoms, and having been 
successful, the expedition left England on the 10th June, 1858, 
and the splice was made in mid ocean on the 26th of June, but 
on the same day, after paying out 24 miles, the cable broke іп 
the machinery, and the splice had again to be made; the laying 
out progressed favorably until the following day, when the con- 
tinuity ceased, and on an attempt being made to wind in, the 
cable broke, and 42 miles of it were lost. 
On June 28th, a third attempt was made, and after paying 
out 142 miles 230 fathoms, the cable again broke close to the 
stern of the Agamemnon, and the vessels then returned to 


land. 
me the 17th July, the vessels left England, and after some 
little delay in meeting at the rendezvous, on the 29th the work 
of paying out commenced ; after ten hours paying out the con- 
tinuity partially ceased, but only for a time; on the return of 
continuity the paying out was continued until the eighth day, 
August 6th, when the cable was landed in Trinity Bay, and was 
in partial working order until September 1st; on that day, how- 
ever, it finally ceased to transmit the slightest d gam The last 
message sent from Valentia to Newfoundland was, “ Please 
inform American Government we are now in a position to do 
best to forward their Government messages to England." The 
message was sent correctly as far as the word “forward,” but 
that was the last word ever transmitted through the cable. 
The total number of letters which were sent from August 10th 
to September Ist, was 21,220. The core of this cable consisted 
of seven copper wires, surrounded by three coats of gutta percha, 
then six strands of yarn, and, lastly, eighteen strands of No.7 
iron wire. 

Great improvements have since been made in the construction 
of the cable. The conductor, this year, is the same as it was in 
1865, that is to say, seven wires imbedded in Chatterton's com- 
pound. The insulator is also the same as in 1865, four layers of 

tta percha, interlaid with four of Chatterton’s compound. 

е core was protected іп 1865 by tin wires, No. 13 gauge, 
each wire surrounded by five strands of Manilla yarn, and the 
whole wound in spiral form round the core, the latter being 
padded with jute yarn, which as well as the Manilla yarn, was 
saturated with preservative mixture. In 1866, the same 
method has been adopted, but white Manilla yarn has been used, 
and, in place of jute yarn, ordinary hemp. 

The breaking strains in 1866 was 8 tons 2 cwts., or 12 times 
its weight in water per knot, as against 11 times in 1865, and 
less than 5 times in 1858. The means of testing the perfect 
state of the wires has also been brought to much greater 
perfection. 

The success which has at last crowned the bold undertaking 
18 а cause of sincere congratulation, and the raising of the 1866 
cable has formed a double crown for the reward of persevering 
labour; but we must not rest here, but enquire whether there 
are not still imperfections in both cables, which can be remedied 
in the fature. 

The nse of a lighter, and therefore a comparatively stronger 
cable, seems strongly urged by our experience gained in these 
late efforts; such, for instance, as that advocated by Mr. Allan, 
which has a weight of 8} cwt. рег mile, as against 31 cwt. per 
mile, the weight of the present one. In water the difference 
is still more striking, the former weighing 24 cwt. against 
14} cwt., the weight of the latter per mile; so that in raising to 
the surface the strain upon the grappling wire, instead of being 
for 9 miles of suspended cable a tension of 9 times 143 cwts., ог 
nearly 7 tons, would be only 12 tons. The raising of a cable on 
Allan’s system would therefore be much easier, the cable itself 
more durable in deep water, and the laying infinitively safer, and 
if we continue to apply our thought and experience in this 
direction we shall Бате in a very few years the benefit of dee 
sea cables laid throughout the ocean with almost as mu 
facility as they are laid in shallow water. 

Another su Ар which will probably claim the attention of 
Engineers is the growing science of eronautics, which, by means 
of the ronautical Society, seems likely to take a firm hold 
upon the public. Here young and old are alike inexperienced, 
and consequent run an equal race in endeavouring to construct 
a machine which shall be for the air what the locomotive is for 
the land, and the steamboat for the sea. 

In reference to the works completed they are во numerous 88 
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to allow a very brief allusion to the most important only. Тһе 
connecting link between the London Chatham and Dover 
Railway and the Metropolitan has been completed, by the 
opening for traffic of the Blackfriars Railway Bridge, and the 

udgate Hill is now continually crossed by railway carriages. 
This line places the railways north and south of the Thames in 
direct communication. 

During the past session many important additions to the 
metro anand other lines have been sanctioned by Parliament, 
one of the most important being the new line to Brighton, which 
had such а hard struggle in the committee rooms of the Lords 
and Commons. Many new pneumatic tubes have been or are 
being laid down, and this system bids fair to become much more 
generally adopted, as it enables. metropolitan lines to be laid 
with greater economy, as well as to be worked by а much 
smaller rolling stock; indeed, with little more than actually 
necessary for carrying the passengers or goods, whereas the 
heavy locomotives at present in vogue serve rather to draw the 
heavy carriages than the passengers or goods which they contain. 
The hames Embankment has been vigorously pushed forward, 
and already many portions of what will be а very handsome 
wall are tavel to public view. On the south side the 
foundations of the new St. Thomas's Hospital are being laid, 
and this structure, when finished, will forma handsome vis a vis 
to the houses of Parliament. The Cannon Street Station was 
opened to the public on the 1st September, but the line from 

aring Cross to Cannon Street can hardy et be said to have 
got into working order. The widening of Victoria Bridge has 

een completed from the designs of Sir Charles Fox. The 
Inner Cirde, art of which will run along the Thames Embank- 
ment is a y progressing. 

Among the important engineering events of the past year is 
the launch of the Northumberland, upwards of 9,000 tons in 
weight, after three unsuccessful attempts. 

One of the great works of the day, the Forth Bridge, seems 
to have come to a standstill ; and many of the railway companies, 
owing to a complication of unfortunate events, are at present in 
a very shaky state. The fact seems to be that while the majority 
of engineers have been endeavouring to lessen the prime cost of 
railways by the adoption of the locomotive to нер inclines, 
some others have constructed lines in the metropolis at such 
enormous cost, as to render it impossible that they should yield 
adequate returns for some time tocome. The general of 
contractors and engineers have thus received the blame which 
belongs only to a few of their number, but much more blame is 
to be attached to those who have made it a necessity for the 
constructors of railways to obtain loans at enormous rates of 
interest. . 

In reflecting upon the difficulties attending the execution of 
these enormous undertakings, it becomes an important question 
whether it would not be well for the engineer to subdivide 
oftener the large works placed under his control, so as to remove 
the necessit, for the acquisition of the limitless tackle and im- 
plements, which at present consume the capital and hamper the 
operations of the contractor. 


—————— 


THE ASSOCIATION FOR THE PREVENTION OF 
STEAM BOILER EXPLOSIONS. 


Tux last monthly meeting of the committee of this Associa- 
tion was held in Manchester, on the 25th September, William 
Fairbairn, C.E., President, in the chair, when Mr. Fletcher, 
chief engineer, presented his report, which on that occasion was 
for two months, since the committee meeting for August had 
been postponed. Of this report the following 1s an abstract :— 

During the last two months 568 engines and 834 boilers 
have been examined, as well as four of the latter tested by 
hydraulic pressure. Of the boiler examinations, 584 have been 

xternal, 21 Internal, and 229 Entire. In the boilers examined 
225 defects have been discovered, 10 of those being dangerous. 

Insury то FunNACE Ceowns.—This occurred to a double 
furnace boiler, and was due to the negligence of the watchman, · 
as most of such cases are. Не was getting up steam at five 
o'clock on Monday morning, when he filled the boiler brimful 
of water, steam pipes included, and, being alarmed at what he 
had done, went to call the engineer. Before doing so, however, 
he had opened the blow-out tap, which he either forgot or could 
not shut, во that the water was rapidly pouring from the boiler 
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all the while, with two brisk fires in the furnaces at the same 
time. When the engineer arrived the boiler was empty, the 
fires burning brightly, and the plates of both furnaces overheated 
and seriously drawn out of shape, while, in addition, the shell 
of the boiler was rendered so hot, that a piece of wood lying on 
it was set on fire. The communication of the heat from the 
furnaces to the shell is an interesting fact; and in another case 
met with some time since, in which a fire was put into a boiler 
without water, similar results followed, and not only were the 
furnace crowns injured, but the shell of the boiler strained. It 
has frequently been recommended that the o nings in boilers, 
both for the feed inlet and blow-out * should bs above the level 
of the furnace crowns, and the adoption of this in the present 
instance would have saved them from injury. Тһе bolle was 
fitted with a scumming apparatus, but the outlet was carried 
down to the bottom of the shell, whereas had it been at the 
surface of the water, although the watchman had left it open 
the furnace crowns could not have been laid bare. It is true 
that there must be a tap or valve at the bottom of a boiler for 
convenience in washing out and emptying, but this should be 
entrusted solely to the care of the engineer, and the spanner 
kept under lock and key. Were this siano suggestion generally 
carried out, the expense and annoyance of injury to furnace 
crowns through watchmen carclessly emptying boton would be 
prevented. 

Fracturz.—One of these cases occurred at the bottom of 
&n externally-fired boiler immediately over the furnace, the 
overlap of four of the ring seams being cracked through from 
the rivet holes to the edge of the plate, and this not at a few 
holes at а distance one from the other, but at a considerable 
number consecutively, so that the strength of the plates was 
seriously reduced. This boiler was stayed longitudinally by a 
flue tube running through it from end to end. which reduced 
the strain upon these seams of rivets, so that no serious rupture 
occurred. In the plain cylindrical egg-ended boiler there is no 
longitudinal stay, and hence, when the transverse seams give 
way, the shell tears in halves. This case is an illustration of 
the tendency of externally-fired boilers to fail at the ring seams 
of rivets, and, at the samo time, of the advantage of having a 
longitudinal tie from end to end. 

ExTERNAL Corrosion.—This caso was met with at the 
bottom of a two-flued boiler,7 ft. in diameter, and set on a mid- 
feather wall 10 inches wide. The corrosion extended from one 
end of the boiler to the other, just whero the plates rested on 
the brickwork, and the inspector easily knocked a hole through 
them, and found the thickness not to exceed one-sixteenth of an 
inch. This shows the objection to setting boilers of so large a 
diameter on midfeather walls, and tle importance in those cases 
in which they are retained of ploughing out the brickwork where 
the transverse seams of rivets rest upon it, so that the condition 
of the plates may bo seen at each inspection. The necessity of 
в satisfactory examination of this boiler had been for some time 
pred upon the owner, and it will be seen that explosion was 

ut narrowly escaped. 

ПЕрЕСТІУЕ Sargty-Vatve.—The valve referred to was 
effectually held down by some machinery, temporarily stored 
отете boiler, which, slipping out of place, rested upon the lever 
and bent it out of shape. Such a case as this is but rarely met 
with in the boilers under inspection; but, nevertheless, it shows 
the value of a duplicate safety-valve. 

In addition to the above a dangerously DEFECTIVE MANHOLR 
may be referred to. This manhole was unguarded, and fitted 
with the ordinary internal cover, secured with suspension bolts 
and bridges, though in a boiler 8 feet in diameter, made of plates 
threc-vighths of an inch in thickness, and worked at a pressure 
of 401Ь. on the square inch. Tho edge of the plate at one side 
of the hole was so rotten from corrosion, that the inspector mado 
a breach in it with a hand chisel alone; in addition to which the 
plate at the edge of the opening was buckled by the pressure of 
the bridges, and just commeneing to rend. It appeared to need 
but а slight additional strain, such as might be given it from an 
extra turn of the nuts, to force the cover completely through the 
hole. and thus lead to the explosion of tho boiler, as in several 
similar cases lately reported. On the danger being pointed out, 


," This can be accomplished by blowing off from the surface of the water, a plan 
whichis being aad adopted, and with good resulta. Ifthe outlet іре be 
carried to the bottom of the boiler, one of the advantages of this system is lost, a6 
in the case referred to in this report. 
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it was at once arranged that this manhole should be strengthened 
with & mouthpiece rivetted to the plates. . 

Ехрговіохв.--Тһе Engineer reports that eleven explosions 
have occurred since the last return, by which 23 persons were 
killed, as well as 29 others injured. The details of three of 
these explosions are given. They are of considerable interest, 
and wil confirm the view that steam boilers do not explode 
from some mysterious cause that cannot be grappled with, 
but either from neglect in their construction or subsequent 
working. . 

No. 35 explosion was due to the gross mal-construction of 
the boiler, and resulted in the death of two persons and serious 
injury to seven others. It occurred at about half-past seven 
o'clock on the morning of Saturday, July 28th, at a colliery, to 
one of two boilers whieh had but just been laid down for driving 
в new engine. They were not under the inspection of this Asso- 
ciation. 

The boiler was of horizontal cylindrical construction, per- 
fectly flat at the front end, and hemispherical at the back, 
having within it & single horse-shoe shaped flue, both ends of 
which were attached to the flat plate at the front. It was inter- 
nally fired, and had no external brickwork flues, the furnace 
being placed in the left hand leg of the horse-shoe, and the chim- 
ney at the end of the right, so that the flames merely passed up 
one leg of the horse-shoe and down the other before escaping to 
the chimney, which was made of wrought-iron, and planted upon 
a smoke box attached directly to the front end plato of the boiler. 

The length of the boiler was about 36 fect, and the diameter 
9 feet in the shell, 3 fect 3 inches in the leg of the horse-shoe 
that contained the furnace, and 2 feet 6 inches in the return flue, 
while the thickness of the metal was seven-sixteenths to three- 
eighths of an inch throughout, with the exception of the flat plate 
at the front of the boiler, which was fully halfaninch. There 
were two safety-valves loaded to 35lb. on the square inch. but 
at the moment of explosion the pri eeure wasa pound or so in 
excess of this, in consequence of the steam blowing off freely 
while the engine was standing. | 

The boiler burst at tho flat plate at the front end, which 
tore away completely from the shell, mending. the connecting 
angle iron through the root. The shell of the boiler was thrown 
northwards to a distance of about 60 yards, and the horse-shoe 
tube as far in an opposite direction, passing in its flight over the 
pithead gear and a range of four boilers, three of which had 
steam up at the time, driving another colliery engine. This 
horse-shoe flue, which was about 83 feet long and weighed 
about four tons, struck the ground just where the man in charge 
of this engine had been standing but a moment before, having 
run behind his engine-house for shelter on hearing the report 
of the explosion. Had the flue fallen to the ground a few feet 
short of the distanee it did, it would have pitched into the range 
of boilers just referred to, and, since they had steam up, this 
must inevitably have led to another explosion. One of them 
was struck by the funnel of the exploded boiler; but, as it was 
merely g light one, being made of sheet iron, no mischief resulted. 
The roof of the engine-house adjoining the exploded boiler, 
however, was brought down, as well as the side wall and a 

rtion of both end ones, the engineer to the colliery being 
buted in the ruins, though, fortunately, not killed; while the 
fireman who was attending to the furnaces was literally blown 
to pieces, and the cngineman thrown against the fencing round 
the pit’s mouth, and would have fallen down the shaft had it 
not been guarded. The boiler alongside was lifted from its 
seat, and bloga to a distance of about 50 yards, where it alighted 
on a public roadway, and had one of its plates staved in by the 
fall. This boiler was not completed, and five men and a boy 
were engaged upon it at the moment of explosion. Three of 
them were working outside, and of these one was killed, and the 
other two seriously scalded and bruised; while two boiler- 
makers and a boy at work inside were carried away with the 
boiler and rolled over in it, all three being cut and bruised, one 
of them very seriously. 

There cannot be the slightest doubt as to the cause of this 
explosion. The boiler was defective both in design and work- 
manship. In boilers made with horse-shoe shaped flues, the 
ends do not receive any support, as they do in those of Lanca- 
shire and Cornish construction, from the fue tube running 
directly through the shell, and thus not only tying the two ends 
dearly together, but at the same time materially lesseni 
the amount of pressure on them by reducing the area on whi 
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the steam acts. It is imperative, therefore, that the horse-shoe 
shaped flue should be secured to the shell by substantial stays, 
which, however, in the present instance had not been done, and 
the omission was fatal. The flue tube was merely supported on 
ста” ев, and not bound by any longitudinal stay to the shell, 
while the mode of stiffening the flat plate at the front end was 
most defective. There were five gusset stays above the furnace, 
but these were of the roughest workmanship. They did not run 
back for more than 2 feet, and were attached to the cylindrical 
rtion of the shell with but three rivets, from which, as might 
ve been expected. they tore away. Below the furnace mouth 
there was no gusset stay at all, while the plate was weakened by 
а manhole, which, as well as another in the cylindrical part of 
the shell, was not strengthened by any mouthpiece. Added to 
this, the angle-iron attaching the front end oleo to the shell, 
was not welded up into an entire ring, as it should have been, 
but was in four separate pieces, connected by common jump 
joints. : 
1 This boiler, which had not worked four days before it burst, 
was designed by the engineer to the colliery, and made on the 
spot by their own men, as well as the one alongside, which was 
of very similar and equally dangerous construction, and would 
inevitably have exploded in the same way as the othcr had done 
on being set to work. The case is altogether one of the most 
glaring mismanagement, and the lives of the poor men who 
were killed have simply been lost through the mal-construction 
of the boiler, the design and workmanship of which were alike 
defective. 

No. 39 Explosion occurred at а quarter-past nine o’clock on 
the morning of Wednesday, August 22nd, to a boiler on board 
а screw steam yacht, not under the inspection of this Associa- 
tion. The yacht had been ordered on a cruise. and was just 
moving out of the dock in which she had been lying. when her 
boiler exploded, killing three persons, as well as injuring five 
others, and seriously damaging the vessel. The engineer was 
blown overboard, and halfway across the basin into the water, 
whence his lifeless body was extricated by drags about an hour 
afterwards. His wife and another woman on board at the time 
were both killed, the body of the former being blown to the 
north end of the lock and her head to the south, while the latter 
was picked up dead in the forecastle. The vessel was gutted, 
the deck torn up, the engine, the funnel, as well as the masts 
and rigging, blown overboard, and pieces of the wreck scattered 
about the quay in every direction, the boiler being hurled across 
the basin and thrown to the ground at a distance of 60 to 80 

ds, passing over the stern of the vessel in its flight, and a 
ittle to the port side of the helm; while the end plate of the 
boiler, which divided into two pieces, flew in the opposite direc- 
tion, one part being caught in the forecastle, and the other pro- 
bably falling into the water, ав it could not afterwards be found. 

Тһе boiler, which was а new one, having been put on board 
in January last, and only worked for a few short trips since then, 
was of the multitubular marine type, being internally fired, 
and the furnaces, of which there were two, running into a flame 
chamber at the back of the boiler, connected to the smoke box 
at the front by a number of small return flue tubes passing over 
the furnace crowns. The shape of the shell was that of a short 
horizontal cylinder, flat at both ends, having a diameter of 6 feet 
6 inches, and a length of 5 feet 9 inches. It was worked at a 

ressure of 6015. on the square inch, and had been proved 
Before leaving the maker's yard up to 120 1b. by hydraulic 
pressure. The flat plate at the back of the boiler was flanged 
at its entire circumference for attachment to the shell, and con- 
sisted of two ріссев joined together by a seam of rivets running 
in a horizontal direction, as nearly as may be through the centre 
of the circle, the plate being half an inch thick, and strengthened 
with copper stays seven-eighths of an inch in diameter, about 
B ог 6 inches long, screwed throughout, and spaced about 12 
inches apart from centro to centre, which, passing through the 
water space between the flame chamber and the shell of the 
boiler, were screwed through the two plates and rivetted over at 
the ends, just as in the flat sidcs of a locomotive fire-box. 

It was at this end plate that the boiler gave way, tearing 
round its entire circumference through the root of the flanging, 
drawing one of the copper stays through the plate, and ing 
the others asunder, whilc, in addition, the plate divided. at the 
longitudinal seams of rivets. 

o causes combined to produce this explosion : One, undue 
pressure of steam; the other, weakness of the boiler, Тһе 
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undue pressure of the steam was due to the defective condition 
of the safety-valve, which was of lever construction, held down 
by a Salter's spring balance. I am not able to speak of the con- 
dition of the safety-valve from a personal examination, since it 
had been taken to pieces before I saw it; but the captain of the 
yacht stated at the inquest that the engineer was in the habit of 
raising the lever of the safety-valve by hand, because it used to 
stick, and that he had done this about five minutes before the 
explosion; while в master boiler maker, who made an official 
investigation at the order of the coroner, reported that he did 
not find the valve in free working order; and this was corro- 
borated by the maker of the boiler, who examined it but half an 
hour after the explosion had occurred. It was a serious defect 
in the р of this boiler that there was but one safety- 
valve, whereas there should always be a duplicate. A Select 
Committee of the House of Commons, appointed in the year 
1817, to consider the best means for preventing the explosion of 
boilers on board steam vessels, recommended ‘ that every such 
boiler should be provided with two sufficient safety valves ;’ 
while this recommendation was repeated in America, in the ycar 
1836, by a committee of the Franklin Institute, ‘ appointed to 
examine into the causes of the explosions of boilers used on 
board steamboats,’ and the Board of Trade now.enforce that no 
British steam vessel shall carry passengers unless this condition 
be complied with. Had the boiler under consideration been on 
board а passenger vessel instead of а gentleman’s pleasure 
yacht, it would not have been allowed to put to sea equipped as 
it was with but one safety-valve. The other cause of the explo- 
sion—viz., the weakness of the boiler—was due to the insufficient 
staying of the flat end plate. These stays being spaced 12 inches 
apart, would, with steam at a pressure of 601. on the square inch, 
be subjected to a strain of nearly four tons each, which,—since 
they were made of copper, and only seven-eighths of an inch in 
diameter at the outside of the thread—was dangerously near to 
their ultimate strength, and allowed but little margin either for 
indirect strains being thrown upon them through the working of 
the boiler or for flaws in the metal, so that to rend these stays 
asunder there was required but a slight addition to the ordinary 
working preme of the steam, and this appears to have been 
roduced by the sticking of the safety-valve referred to above. 
ese stays should either have been more numerous or larger in 
diameter ; butas it wasthey were insufficient, and tho explosion 
is attributed to the combined defects in the equipment and con- 
struction of the boiler. 

No. 45 explosion has excited considerable interest from the 
fact of its having occurred at one of Her Majesty's dockyards. 
It took place at about half-past seven on the morning of Friday, 
September tho 7th, and resulted in the death of two persons, 
as well as in injury to three others. 

I visited the scene of the catastrophe a few days after the 
explosion had occurred, and received every assistance from the 
authorities of the dockyard in making my examination. I am 
the more desirous to acknowledge the courtesy I received from 
these gentlemen since I find myself compelled to take a ve 
different view of the cause of the explosion than that which 
understood they entertained themselves. 

The boiler, which was not under the inspection of this Asso- 
ciation, was the left hand one of two set side by side, both of 
the Lancashire type, with two cylindrical furnace tubes runnin 
through them from end to end, their length being 21 fect, an 
their diameter 7 feet 4 inches in the shell, and 2 feet 9 inches in 
the internal tubes, while the thickness of the plates was three- 
eighths of an inch in the former, and seven-sixteenths in the 
latter. The boilers were set upon side walls, and each of them 
had two open lever safety-valves, 4 inches and seven-cighths in 
diameter, loaded by a weight toa pressure of about 5615. per 
square inch. From this it will be seen that the boiler was of a 
safe class, and not worked at an excessive pressure. 

“The manner in which the boiler was rent was somewhat 
complicated, and resulted in its entire destruction. It was se- 
parated into four main fragments, the furnace tubes, although 
not rent themselves, being torn away from the remainder of the 
boiler, along with the back end plate to which they remained 
attached; while the cylindrical portion of the shell was divided 
into three irregular belts, two of which were opened out nearly 
flat. The primary rent appears to have been a longitudinal one, 
about 4 fect 6 inches in length, and to have occurred at the bot- 
tom of the shell, and at the back end, a little to the right hand 
of the centre or keel line, and close to one of the side walls on 
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which the boiler was seated. This primary longitudinal rent, 
after running across two widths of plate, assumed a circum- 
ferential direction, and extended completely round the shell in 
an irregular and jagged line, passing in many places through the 
solid metal, and starting in its course other'rents, which resulted 
in dividing the boiler into the fragments already described. AU 
of these were thrown from their original position, and the twin 
boiler alongside blown from its seat. 

At the inquiry into the cause of the explosion, conducted 
before the coroner, evidence was given by three scientific wit- 
nesses, as well as by two boiler makers engaged at the dockyard, 
all of whom unanimously attributed the explosion to shortness 
of water, supposing that the engineman had neglected his duty, 
and allowed the water supply in the boiler torun short, and then 
suddenly readmitted it, when an excessive and uncontrolable 
prese of steam had been generated, which burst the boiler. 

n Стив quere of this evidence the j concluded that ‘the 
deaths of the deceased were caused by the accidental explosion 
of a boiler, and that such explosion resulted from an insufficient 
supply of water in the said boiler.’ Thus the onus of the 
я тов was thrown upon the engineman who had been 

ed. 

My own examination led to a different result. Had short- 
ness of water occurred with steam at the pressure at which this 
boiler was worked, viz., 561b., the furnace crowns would certainly 
have bulged down, and in в short time have rent, whereas the 
still retain their original shape uninjured, and are covered with 
a slight cake of incrustation, while the seams of rivets are not 
opened. The general character of the explosion was altogether 
different from those which occur to this class of boiler from 
shortness of water. In this the shell was rent and not the far- 
nace tubes, in those the furnace tubes are rent and not the shell. 
It is true that the left hand furnace tube was somewhat bulged 
down; a fact to which much importance was attached at the 
coroner's inquest, but this depression is clearly the effect of a 
blow from some portions of the building falling upon it, and not 
of overheating. It is situated some feet behind the firebridge, 
and thus not at the hottest part of the tube; in addition to 
which it is not directly on the crown, but a little on one side, 
while the entire tube is slightly bent laterally from end to end, 
the result evidently of а blow of considerable force. It may also 
be mentioned that the bottom of the tube is bulged upwards, 
which could not possibly be due to overheating, but is an illus- 
tration of the violence the tube had been subjected to subsequent 
to the explosion. These indentations, therefore, are regarded 
purely as effects of the explosion, and not as in any way 
connected with its cause. ‘The consideration of these facts 
clearly shows that the explosion could not have been due 
to shortness of water, so ‘that the cause must be sought for 
elsewhere. 

On examining the fragments of the shell, I found that the 
plates at the bottom of the boiler at the back end, which was the 
part at which the primary rent occurred, were seriously wasted 
away by external corrosion, and it is to the thinning of the plates 
from this cause that I attribute the ‘explosion. This corrosion 
was so apparent that the thin plates must have been discovered 
in time to prevent the explosion оп a competent and faithful flue 
examination being made. Yet, one of the boiler makers who 
gave evidence at the inquest, and occupied the post of super- 
intendent, his duty being to repair the boilers and inspect them 
when eleaned out, had carefully examined the exploded boiler 
but seven weeks beforeit burst, when he reported that it was “іп 
а good workingstate; while another boiler maker—also witness 
at the inquest—who had repaired it two years ago, was satisfied 
from the appearance of the exploded boiler, that it was quite fit 
to do its duty at the moment it burst. Boiler makers clearly do 
not make good boiler inspectors. They may be perfectly com- 
pen to wield а hammer and make a steam-tight seam of rivets, 

ut know little about the principles of boiler construction, or the 
power of steam. Nothing can Slow more forcibly the necessity 
of independent periodical inspection by men trained for the special 
work and accustomed to it by daily practice. 

In conclusion, this explosion was not due to shortness of 
water, through the neglect of the engineman, who was the victim 
of the disaster and not its cause, but was attributable to tho 
weakened condition of the boiler, through thinning of the plates 
by external corrosion, which might have been detected in timo 
to have prevented the explosion b competent inspection. 
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THE RAILWAY SYSTEM OF GERMANY.* 
By Ковевт CeawForp. 


THERE are few subjects which afford more varied and 
interesting questions for consideration than the growth and 
development of railways. Whether viewed with regard to the 
general influence which they exert on the commerce of nations, 
or their beneficial effect in Jromonne the introduction of im- 
provements in machinery and manufactures, they cannot fail to 
present abundant matter for examination and reflection. Nor 
can an outline of their progress within fixed territorial limits be 
without some value, in furnishing and grouping together the 
elements of information, which may aid in the formation of 
correct opinions, as to the advantages and defects of certain 
systems. 

It is in this latter respect that Germany has been selected as 
the field of investigation for this paper, since, although in the 
first instance railways were there adopted with reserve and 
caution, their construction was afterwards prosecuted with con- 
siderable steadiness of purpose, and with but slight fluctuations 
in the regularity of their progress, except such as arose from 
political questions, or state policy. In Germany, as in England, 
tramways formed the germ from which subsequent enterpri 
developed the vast network of railways now extending throughout 
the length and breadth of the land, facilitating its commerce, and 
increasing in no small degree its material prosperity and wealth. 

The oldest of these undertakings originated ina fifty years’ 
“ privilege" granted by the Austrian Government, upon the 
7th September, 1824, for the construction ofa line from Budweiss, 
in Bohemia, to opposite Linz, on the Danube, a distance of 
upwards of 80 English miles. In the beginning of the year 
1825, this concession was transferred to a Joint-stock Company, 
formed in Vienna, under the title of “ ТЬе Imperial Royal 
First Railway Company of Austria." The works were imme- 
diately begun, and about 40 miles finished before the close of 
1828. The completion of the remaining portion occupied until 
the lst August, 1832, the day of the opening of the line 
throughout its entire length. About this time a new project 
was set on foot, anda concession granted to an association of 
business firms in Vienna, for a line from Linz to Gmünden 
(424 miles), which was made over, іп 1834, to tho Budweise 
and Linz Company. The works were begun in the same year, 
and finished in 1836. This line, although claiming the name of 
railway, was in reality a tramway, worked by horses. The 
gauge was 3 feet 7% inches іп the clear. The rails consisted of 

t bars of iron, 2; inches wide by rather more than j an inch 
in thickness, and weighed 14} lbs. per yard; they were laid on 
longitudinal timbers, supported and kept in p by cross 
sleepers, 6 feet 3 inches apart from centre to centre. The 
maximum gradienfs were 1 in 20 on the length between 
Budweiss and Linz, and 1 in 46 between Linz and Gmiinden- 
The junction of the northern and southern sections was affected 
by means of a short line, on which occur gradients of 1 in 15 
and 1 in 28, passing over the Danube on the timber bridge 
between Linz and the north shore of the river, which answers 


for the purposes of ordinary traffic as well as for those of the 
tramway. The cost of tho Budweiss, Linz and Gmünden line 
was about £4,877 per mile. In 1854, small locomotive engines 


were adopted for the working of a portion of the southern section, 
and this system was extended in the following year to the 
entire length between Linz and Gmünden. ‘Ihe gauge remained 
the same, but the permanent way was altered onthe inclines 
and sharp curves: the original flat bars and longitudinal 
timbers having been replaced by small solid rails of the con- 
tractor's, or broad-based pattern, laid on transverse alee Е 
Btill more recently, the whole of thie undertaking has 
incorporated with that of the “ Empress Elisabeth Western 
Railway of Austria,” from Vienna to Passau and Salzburg; and 
it is contemplated, eventually, to convert both the branches to 
Budweiss and Gmiinden into ordinary railways, with the regular 
normal gauge of 4 feet 83 inches. 

Returning from the digression occasioned by tracing down to 
в recent period the salient points in the history of what was not 
only the first line in Austria, but in all Germany, the enterprise 
which next attracts attention is that of a proposal for connecting 
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Prague with Pilsen, by means similar to those already described. 
The works were begun in 1828, and a portion of the line was 
opened in 1830. The original project was never completed, and 
a length of 344 miles of tramway, the extent to which it was 
carried into execution, after changing ownership twice, was 
finally made over to a Colliery Company for local purposes. 

These preliminary remarks bring do the subject to the 
most important and decisive period 1n its history, occasioned by 
the proposal to adopt steam as а motive power instead of horse 
labour; a proposition carried into effect for the first time in Ger- 
many inthe case of a railway 4 miles in length from Nürnberg 
to Fürth, which was opened for public traffic on the 7th Decem- 
ber, 1835. The works on this line were unimportant, and pre- 
sented no engineering difficulties whatever, occupying only nine 
months in their construction. The cost was £4,745 per mile. 
The rails, which were for a single way, were laid for about three- 
fourths of the distance on stone blocks, and the remainder on 
timber sleepers, which were subsequently replaced by stone 
supports. е maximum gradient was 1 in 250.. 

us Germany, possessing, at the close of the year 1835, up- 
wards of 108 miles of tramways, had up to the same time only 
4 miles of railway, properly во called. 

The five years following in regular succession from this date 
served to introduce railways into all parts of the country, and to 
give them a fair start. It appears that upon Ше 31st December, 
1840, five years after the completion of the first line, there were 
twelve railways in Germany, either wholly or in part finished, 
and yielding a total length opened, equivalent to 377 miles. 
These, arranged according to the priority of opening of any part 
of them, assume the following order; it being premised, that 
those lines worked by steam power are alone referred to :— 


lst; Railway in Germany from Nürnberg to Fürth opened 7th Пес. 1835 


2nd, „ Leipzig to Dresden, a portion wasopened 24th Apr. 1837 
8rd, „ Vienna to Oderberg  ,, ” 23rd Nov. 1837 
4th, ,, Berlin to Potsdam $ Е 22nd Sept. 1838 
6th, , Düsseldorf to Elberfeld ,, 5 15th Oct. 1838 
6th, , Brunswick to Wolfenbuttel э 16 Dec. 1838 
7th, , — Madgeburg to Leipzig ,, n 29th June 1839 
8th , Cologne to the Belgian frontier ,, 2nd Aug. 1839 
9t, , Munich to Augsburg „ » lat. Sept. 1839 
105, , Frankfort-on-Maine to Wiesbaden 26th Sept. 1839 
llth, » Berlin to Anhalt » j lst Sept, 1840 
19th, , Mannheim to Heidelberg » 12th Sept. 1840 


Such was the position of railways at the close of the year 
1840, after which they became so numerous and varied that it 
would be impossible, keeping in view the object of this paper, to 
follow them any further in detail. Itis sufficient for the present 
purpose to review in general terms their progress from time to 
time, from their first adoption down to the present day, as ex- 
hibited in the following statement, showing the extent opened at 
different fixed periods :— 

There were 4 miles of Railway in Germany opened up to the close of 1836 


» 377 » ,5 » 1840 
» 1,817 » » » 1845 
» 4,487 33 » ” 1850 
” 5,750 ” ” ” 1855 
„ 8,612 * № x 1860 


88,06 : И А 1861 


The local distribution of this latter quantity and the cost рег 
mile are as follows :— 


In Prussia there were about . . 3,417 miles constructed at £ 
an average cost per mile of . : . 16,200 
In the German provinces of Austria 1,706 5 is 22,700 
» Bavaria . . . А 1,172 R 5 13,670 
» Hanover . . 450 Е Е 13,100 
s Saxony . 435 3; » 18,350 
„ Baden . . . . 260 " и 16,500 
5, Wirtemburg . . . 260 и я 14,500 
s, the other German States 1,166 5 7 14,390 


Total 8,866 miles constructed, 


‘at an average cost of about 816,400 per mile, 


Nearly one-fourth of the entire length is provided with two 
lines of rails. 


About 38 per oent. of the existing lines are Government property. 
э 10% , arethe property of Companies, but worked by 
Government, 
» 514 , аге the property of, and are worked by private, or 
Joint Stock Companies. 
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Many railways which were originally constructed by State 
means have been sold, or rented to Joint Stock Companies, and 
the reverse of this has in some instances taken place. Hence it 
becomes necessary to return to an examination of the manner 
in which they were at first carried ont, in order to estimate the 
extent to which Government resources participated in these 
undertakings. Іп this respect it appears, that 


39% per cent. of the entire length were constructed by different States. 


241 » by Companies under a guarantee of interest, ог a Govern- 
ment subvention. 
9851 , ” at their own risk and cost. 


That is to say, Government aid has been granted directly, or 
indirectly, to nearly two-thirds of the entire system. ese 
8,866 ailes of railway comprise sixty-two different undertakings 
as at present constituted, under as many separate organisations, 
and are managed by nineteen Government departments, and 
forty-three boards of Directors, or some substitute, whose con- 
trol however is not confined to а proper, but extends to 
adjoining territories, over an aggregate length of 10,830 miles of 


е. 
Not long after the introduction of railways іп at aces В it 
became apparent, that their management would be far from 
sufficiently perfect to meet the continually increasing require- 
ments of commerce, except some common plan of action could be 
agreed upon, which would bring all the railways in the coun 
into ono large association, for regulating to a certain extent, their 
relations with each other, according to general rules, somewhat 
after the manner of the German political Confederation. 
For this purpose a conference was held at Cologne, in 
June, 1847, which resulted in the formation of a society under 
the title of “ The Association of German Railway Directions,” 
which now embraces the whole of the lines alre referred to, 
with very trivial and unimportant exceptions. Each railway 
subscribes a fixed sum towards the general management fund 
together with a variable amount depending upon its length, and 
is represented at the meetings of the Association and in the de- 
bates, in proportion to its importance. Yearly general meetings 
are held, at a time and place mutually agreed upon, and when 
considered expedient, special meetings are also called. At all of 
these, such matters as relate to the interests of tho Association 
are discussed and settled. A code of laws has been drawn up, 
and agreed to, by the Engineers and managing directors present 
at these meetings, which is revised and enlarged from timo to 
time, according to the requirements. These rules express the 
decided opinion of the associated body, upon all the points which 
are usually involved in the construction and working of railways, 
and are adopted by all concerned, as the standard source of 
guidance and instruction in such matters. It may here be 
proper, before passing on to the consideration of the engineering 
points involved in the present subject, to state that Germany 
at the close of the ycar 1861, had, in addition to railways, about 
143 miles of tramways. constructed at an average cost of £3,200 
per mile. 

The battle of the gauges can scarcely be said to have been 
fought in Germany, or, И во, it was conducted with almost all 
the energy on one side; as, early in the movement, the gauge of 
4 feet 8} inches came off victorious, and the line from Mannheim 
to Heidelberg, which represented the opposing interest, having 
been laid to à medium width of 5 feet 3 inches between the 
rails, after struggling along for some time in its unsocial loneli- 
ness, was obliged to yield under the pressure of public opinion 
and the inconvenience arising from a break of gauge, and was 
altered to the ordinary width of 4 feet 8} inches, which is now 
the universal gauge of the country.* The width between the 
ways on a double line of railway is usually fixed at 2 metres 
between the centres of the rails, or 6 feet 4} inches in the clear. 
At stations this allowance is generally greatly increased. 

With regard to curves and gradients, the rules laid down are 
—First, The radius of curvature shall, if possible, not be less 
than 3,600 fect on level land, nor than 2,000 feet in hilly districts, 
except in particular instances, when it may be necessary to 
reduce it to 1,200 feet. This latter is to form, as a general rule, 
the minimum rate of curve on railways in mountainous countries, 
to be diminished in exceptional cases, where necessary, to 600 feet, 
but never less. 


* To this must be mentioned ва ап exception the branch from Lembach to 
Gmunden, 16 miles in length, already described. 
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Secondly. The generul scale of maximum gradients admissible 
on railways is 1 in 200 in level districts, 1 in 100 among hills, 
and 1 in 40 on mountain lines. 

As examples of sharp curves upon works already executed may 
be noticed :—One of 570 feet, and another of 590 feet radius on 
the Baden State Railways; two curves of 618 feet radius on the 
railway from Magdeburg to Wittenburg, and a similar minimum 
radius on the railway from Breslau to Schweidnitz; one of 660 
feet and several of 622 feet radius occurring on the passage of 
the Alps, on the line from Vienna to Trieste; the viaduct 
approach to the Cologne bridge, on the left bank of the Rhine, 
18 оп a curve of 618 feet ius; a сигуе of 780 feet radius on 
the line between Passau and the Austrian frontier, and of 824 
feet as the minimum radius of curvature on the Main Weser 
Railway, from Frankfort-on-Maine to Hesse Cassel; besides 
numerous other curves of importance on existing lines. 

. The increased power of locomotive engines has introduced 
into practice a severer character of ruling gradients than was 
formerly contemplated. On main lines, ЗЕ practicable, 1 in 
100 is now generally adopted as the maximum rate of inclina- 
tion. In many instances, where the districts traversed are very 
level, the lents are much easier than this; but, on the other 
hand, Germany has ample proofs of having approached the 
limits recognised at present as suitable for the working of loco- 
motives, in gradients of the steepest description, which are not 
confined to one state or locality, but are to be found in both 
north and south. Ав an illustration of this statement, it will 
suffice to instance some of the most important cases. Between 
the stations of Erkrath and Hochdahl, on the railway from 
Düsseldorf to Elberfeld, there occurs а continuous incline of 1 
in 30 for a distance of 8,038 feet, or upwards of 14 mile. This 
was originally worked by stationary engines and а long endless 
rope. Іп 1841 the plan was altered, and the trains in opposite 
directions arranged so as always to meet at this point, and the 
weight of the descending train was made use of in helping to 
draw the other up by means of a rope attached to both trains, 
and passed round rollers at the top of the incline. The diffi- 
culties arising from the necessity for the meeting of trains 
pronght about another modification in tho system of working, 
which is that now in use. A pilot engine is always ready, wit 
steam up, to assist the ascending trains, which it does by acting 
ава counterpoise attached to the upper portion of the rope, inthe 
same capacity as was formerly fulfilled Б the descending train. 
This latter now always passes down without being attached to 
the rope, and under the control of powerful breaks, and by these 
means the inconvenience of the traífic, from being compelled to 
depend upon meeting trains, has been removed. The Aix-la- 
Chapelle incline of 1 in 38, for в length of 6,814 feet, stands 
next on the list. It begins immediately on leaving tho station, 
and rises westwards towards the Belgian frontier. It, also, was 
intended to be worked by stationary engines, but в tank engine, 
with three pairs of coupled wheels of small diameter, now 
answers the purpose, by pushing the train from behind up to 
the station at the level on the summit, where an ordinary engine 
is in waiting to take the train оп. Several gradients of 1 in 40 
and 1 in 46 were adopted on the Semmering Railway, of which 
a particular account Вяз already been brought before the Insti- 
tution. An incline of 1 in 40, for a distance of 17,680 feet, or 
upwards of 3% miles, upon the Bavarian State Railway, from 
Augsburg to Hof, serves to surmount the water-shed between 
the rivers Maine and Saale, near the village of Neuenmarkt. 
The short Schneeberg branch line in Saxony has gradients of 
1 in 40, and the total ascent which it makes averages at the rate 
of 1 in 48. The passage of the Swabian Alps, between Geis- 
lingon and Amstetten, on the Würtemburg State Railway, from 
Stuttgart to Ulm, is accomplished by means of an incline of 1 in’ 
45, 16,720 feet long, or 31 miles. There is a gradient of 1 in 45, 
for a length of about 1,800 feet. at Viennenburg, on the Bruns- 
wick State Railway, from Wolfenbuttel to Harzburg. On the 
railway from Bamberg to Asschafenburg there is a gradient of 
lin 50, extending over 43 miles. The same rate of inclination 
occurs on the line from Breslau to Schweidnitz, and also between 
Eisenach and Coburg. near the former place, on the Werra 
Railway, the length of the gradient being 3 miles. 

The Semmering Hailway, already alluded to, is one of the 
most remarkable instances of a combination of heavy gradients 
with sharp curves. This line, which is in reality but a section 
of the Southern Railway of Austria, from Vienna to Trieste, 
extends from the station of Gloggnitz to that of Murzzuschlag, a 
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distance of 25-44 miles, or more exactly 134,300 feet. In con 
sidering the nature of the gradients, it may be divided into three 
Bections as follows :— 


1st from Gloggnitz to Payerbach 20,815 feet. 
2ud ,, Payerbach to the Semmering summit . 64,0033 ,, 


3rd ,, the summit to Murzsuschlag . . 49,462 ,, 
Total . . . . . 134,300 ,, 
In going southwards the rise is ual until Payerbach is 


reached, the maximum inclination being 1 in 100. From thence, 
until attaining the summit level, which pies its name to the 
pass, the gradients and curves are of the heaviest and sharpest 
character, in order to overcome the various natural obstacles in 
the way. Оп this middle section several gradients of 1 in 40, 
one of them, the longest on the line, being 11,818 feet, or 22 miles, 
and curves of 622 feet radius occur. From the summit to 
Murzzuschlag station the descent is rapid and steep, the heaviest 
rate being 1 in 41:4. The difference of level between Gloggnitz 
and the summit is 1,506 feet; the height of the latter being 
2,937 feet above the sea-level; and the fall from thence to 
Murzzuschlag on the South side is 714} feet. The nature of 
the inclines, and their effect upon the working of the line, will 
be best understood by referring to the following tabular state- 
ment :— 
List o» GRADIENTS. 

From lin 40tolin 50 . . 61 percent. of the entire length. 

» lin óttolin 70 . . 9 i » 

» lin 7140110100 . . 8 » $5 

ә linl^ltolinl20 . . 16 » » 

linl21tolin500 . . 6 ” » 


Led... 22 eue os 1 


100 
The curves under 1,000 fect radius are, 


1 Curve of 560 feet radius, 
29 2 


” 6 2 » 

1 , 1746 » 
22, 81 py 
10, 92 4 
34 p 938 y 


Tho proportion of straight line and curves stands thus,— 
Curve of 560. . . feet radius . 08 per cent. of the entire length. 
16 


3; 622 T » » 
» —— 623 to 1244 ,, 26 y » 
” 1246 to 1867 ,, 6 » » 

» over 1867 » 2 » ” 
Straight lines 2.0.0. 2.50 y ” 
100 ” ” 


Several of the curves of 622 fect radius occur upon inclines of 
1 in 45. 

There are fifteen tunnels on this work, of the aggregate кана 
of 14,867 feet. The longest is that through the summit, called 
the Semmering, which is 4,695 feet. The next, in point of length, 
is one of 2,2x0 feet. 

The viaducts, of which there ато sixteen, are built of masonry 
and brickwork, and are principally composed of semicircular 
arches, varying in span from about 25 feet to 65} foet. The 
longest of these works is 614 feet, and the four which attain to 
the greatest height, from 119 to 150 feet, consist of two rows of 
arches, one above the other; the lower of which tends to 
strengthen the piers and add stability to the structure. Many 
of the viaducts are placed on curves of 622 feet and 933 feet 
radius, and on gradients of 1 in 45. . 

The permanent way consists of flat-based rails Neb So 
76} lbs. per yard, resting on cross-sleepers, laid 3 feet 1, in 
apart from centre to centre, which in their turn are supported 
by longitudinal timbers, into which they are let, and held firmly 
in place by small angular iron brackets. The rails are inches 
in d th, Tare a similar width of base, with a head 2} inches 
broad, and a thickness of 25 inch for the central web; their 
usual length being 18 fect 8inches. The joints are made fast by 
fish plates, with four screws-bolts in the usual manner; under- 
neath are placed wrought-iron chair-plates, to prevent the 
working of the ends of the rails into the sleepers. A similar 
plate, but of smaller dimensions, is interposed between the base 
of the rail and the timber at each, of the intermediate bearings. 
The joint sleepers are 12}inches wide, by 6ł inches thick, and 
the intermediate sleepers are 9inches by 64 inches. The ballast 
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consists of a lower course of angular broken stone of large 
dimensions, laid with the hand, on which rest smaller broken 
stone and gravel. Its depth at the centre of the gauge, measured 
from the surface of the “boxing,” which reaches to within 
2inches of the rail level, is 2 feet 4 inches, and the width to 
which it extends outside the rails is 4 feet 6inches on embank- 
ments, and 3 feet 9 inches in cuttings. 

The engines used for working the line are of a peculiar 
description, the result of a prize offered by the Government, for 
the best locomotive to take a given load up the inclines, with a 
fixed minimum velocity. The engine and tender are in one, and 
rest upon five pairs of wheels; the three leading pairs are 
coupled together, and attached to axles fixed at right angles to 
the axis of the boiler. The other two axles are placed, one in 
front of the fire-box, and the other under the tender, and are 
attached toa moveable carriage, or frame, which admits of the 
wheels suiting themselves to the nature of the sharp curves to 
be traversed. The following statement shows the comparison 
between the passenger and goods engines on this line, and their 
principal average dimensions :— 


Passenger Engine.| Goods Engine, 
Ft. ln Ft. In. Ft. In. 
Diameter of Driving-wheels (3 
pairs coupled . . . . . . 4 8 3 4to3 6 
itto of uncoupled wheels (2 pairs) 3 1 3 403 6 
Ditto of cylinder . . . . eà 1 6$ 1 7ю1 7 
Length of Stroke of Piston 2 0 2 fv. біп, 
Diameter of Boiler (mean) . . . 4 8 4 3 
Length of ditto . . . . .. 15 6 15 6 
Number of Tubes 2 іп, diameter . No. 191 No. 191 
Average Heating Surface in eq ft. 1,694 1,694 
Maximum pressure of steam in 
Boiler, per square inch . . . 100 Ibs. 100 lbs. 
Thickness of Iron Plates in Boiler 15 in. 1% іп. 
Distance apart of centres of ex- f. in ft. in 
treme coupled wheels. . . . 8 1H 7 6 
Ditto, ditto, uncoupled about . . 8 0 8 0 
Total length of Engine from buffer ft. in, ft, in. 
tobuffer. ........ 37 1 34 9 0 85 10 
Total weight of Engine on 6 pairs 
of wheels (empty). . . . o 44 tons. 48 to 60 tons. 
Adhesive weight of Engine on 8 
pairs coupled wheels, loaded with 
an average supply of water, &o. . 39 tons. 38 to 41 tons. 


The cost of one such engine was about £3,500. _ 

The experience derived from the working of this line goes to 
show, that one of the goods engines can ascend the inclines of 
lin 40 at the rate of 91 miles рег hour, taking with it a train 
whose gross weight varies from about 100 tons to 165 tons, 
according to the state of the rails and the weather at the 


time. e normal rate of speed fixed is as follows :— 
Ascending. Descending. 
For Express Trains . . 14} miles per hour . . 164 miles per hour. 
» Ordinary Passenger ditto 111 ,, ” 14 » Е 
» Military Transport and 
Goods Trains . . . 9% 9$ 


” ” ” ” 
In case of a train being late, any one ofthe foregoing speeds 
may be increased, if necessary, by 4 miles per hour. The 
maximum number of trains which have passed over the line in 
one day occurred during the Italian war, and amounted to 
seventy-two, counting both ways. The ordinary average daily 
number of trains is twenty-seven, with from seven to eight car- 
riages in each train. The actual works of construction on the 
Semmering Railway were be towards the close of the year 
1848, and the line was opened for public traffic on the 17th uly. 
1864. Previous to this, however, during the year 1853, rails 
were laid throughout the entire length of the line, and goods 
were transported over it by means of locomotives. The line, 
which is laid with a double way throughout, cost £98,270 per 
mile. 
------Ф--- 

The Foundations of the Old Lowvre.—Excavations have 
recently been made in the court of the old Louvre, with the view 
to the discovery of the real position of the older Louvre, that of 
Philippe Auguste, and the search has been crowned with success 
by the uncovering of the foundation walls of the whole of the five 
towers of the former building. These ancient works are very 
solid, and are now in part open to the view of all the world. 
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THE INSTITUTION OF CIVIL ENGINEERS. 


Tus Council of the Institution of Civil Engineers have just 
awarded the following premiums for papers read during the 
session 1865-66 .—1. $ Telford medal, а: a Telford premium, 
in books, to Richard Price Williams, M. Inst. C.E., for his 
paper, “ Оп the Maintenance and Renewal of Permanent Way. 
—3. A Telford medal and a Telford premium. in books, to John 
Grant, М. Inst. C.E., for his paper, “ Experiments on the Strength 
of Cement, chiefly in reference to the Portland Cement снет іп 
the Southern Main Drainage Works."—3. A Telford medal and 
a Telford premium, in books, to Edwin Clarke, M. Inst. C.E., for 
his paper on * The Hydraulic Lift Graving Dock."—4. A Telford 
me to Sir Charles Tilston Bright, M.P., M. Inst. C.E., for 
his paper on “Тһе Telegraph to India, and its extension to 
Australia and China.”—5. A Telford medal and the Manby 
premium, in books, to Robert Manning, M. Inst. C.E., for his 
paper, “ On the Results of a Series of Observations on the Flow 
of Water off the Ground in Ше Woodburn district, near Car- 
rickfergus, Ireland ; with Rain-Gauge Registries in the same 
locality, for a period of twelve months, ending 30th Junc, 1865.” 
—6. A Telford premium, in books, to William Humber, Assoc. 
Inst. C.E., for his paper, “Оп the Design and Arrangement of 
Railway Stations, ар Shops, Engine Sheds, &e."—7. А 
Telford premium, in books, to George Rowdon Burnell, M. Inst. 
С.Е., for his paper, “Оп the Water Supply of the City of 
Paris."—8. A Telford premium, in books, to William Ri ey, 
for his paper on “Тһе Grand River Viaduct, Mauritius Rail- 
ways. "—9. A Telford premium, in books, to Theodore Anthony 
Rochussen, Assoc. Inst. C.E., for his paper, *On the Main- 
tenance of the Rolling Stock on the Cologne-Minden, and other 
Prussian Railways."—10. А Telford premium, in books, to 
William Hemingway Mills, M. Inst. C.E., for his paper on “Тһе 
Craigellachie Viaduct.” 


————— 


FACTORY SMOKE. 


Ат the recent meeting of the Social Science Association at 
Manchester, the following papers were read :— 


Dr. Амосов 8мітн, F.R.S., remarked that warm interest had 
compelled him for many years to attend to the condition of the 
air of towns. Habit had no power of rendering smoke pleasant. 
Few men living in а smoky town required to be convinced that 
they were in the daily endurance of а monstrous evil. Many 
substances made their appearance as smoke from chimneys; 
that to be now considered was coal smoke. Some time ago he 
calculated that sixty tons of carbonaceous matter were sent off 
in а day into the atmosphere in Manchester. А very small 
amount affected the atmosphere; a grain, or 18 cubic feet, was 
sufficient to convert good air into Manchester air, so far as 
carbon was concerned. About one-half the colour was due to 
tarry matter, and the other half to black carbon only. Dr. 
Smith continued:—This black matter is the colouring materinl 
of all our smoky towns, and, to a great extent, of the clothes as 
well as of the persons, of the inhabitants. We live in houses 
eoloured by it, and we walk on roads coloured by it, and we can 
see the sun, the moon, and the heavens only after they have been, 
to our eyes, coloured by this universal tincture. These are 
calamities of themselves; but, although some men would look 
on such a view of the case as mere sentiment, not one amongst 
us can fail to have his spirits tinged with the darkness of the 
sky. I found this strangely corroborated lately. One of the 
best men of business in Manchester informed me that on an 
atmospherically dull day no one would give a high price for 

oods, по one had the courage to give it; but, on the other 
d, they could buy goods at a lower price, the seller had not 
the courage to hope for better. These dull days are caused in 
part by the climate, but their remarkable НАЯ із un- 
uestionably due in great part tothe smoke. We do not consider 
+ by the smoke we make we are affecting our own spirits and 
clouding our own judgment. It is my belief that this effect on the 
irits 18 the most powerful of all objections to smoke, even іп 
the minds of those who believe themselves above such feelings. 
There is, however, no denying the great fact that everything 
coming in contact with a smoky atmosphere is so blackened that 
cleaning becomes difficult or impossible. Smoke gives to every 
household it visits either a greater amount of labour or a lower 
social appearance. Dr. Smith proceeded to show that the poor 
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paid directly for the smoke, living where it prevailed, and that 
the middle classes and the wealthy suffered proportionately 
in being compelled to live out of town, and to spend time in 
going to and fro. Dr. Smith remarked that it was quite true 
that carbon, tar, and sulphuric acids were disinfectants ; but we 
did not wish to breathe them constantly—we could not live on 
medicines. The disinfecting power of smoke had not rid us of 
disease, nor did at edd te occasional pestilences. If it did 
good, it did more evil, and much of the mortality of Manchester 
must be attributed to smoke. It had been said that if the 
carbon was thoroughly burned, the amount of sulphurous 
acid would be so great as to be intolerable; but when the 
blackness was removed, the sulphuric acid seemed to escape 
more easily. The very stones decay under the constant action 
of acid, and the bricks crumble more rapidly. Even in places 
less troubled with smoke, we see the decay. The Parliament 
Houses, built to remain for ages, are rapidly, before our eyes, 
turning into plaster of Paris and Epsom salts. Probably some 
of the evil might be avoided. The finest buildings in London 
appear less handsome than flimsy stractures in many continental 
cities. With us, the peculiarity of the climate is a great enemy. 
On certain days the acids rise rapidly; but, as a rule, they fall. 
Great extremes of dryness and of rain are the best protectives, 
and, during heavy showers, the air of Manchester is not un- 
pleasant to breathe, because the sulphur is carried down on the 
rain. One of the foremost printers of Lancashire told me that 
there were some colours which he found almost instantly to 
fade. They were frequently sent back upon his hands. He 
was annoyed to find that the French sent the same colours to 
the same markets, without the risk of having them returned, 
and it was only after much time and loss that he found that the 
goods must not be allowed to pass through Manchester. One 
day was enough, but in some weather two hours were sufficient 
for their deterioration. The only sure mode we know of dimin- 
ishing the amount of acid given out by chimnies is by burning 
no sulphur. This can be done, perhaps, to some extent, by 
burning less coal, and burning it more economically; next, by 
not allowing the most sulphurous of the coals to be burnt in 
large towns. This latter is a simple mode of doing some good, 
and cannot in all cases be considered too great a demand on 
manufacturers. Dr. Smith would. not speak of the means of 
burning smoke, which some years ago numbered twelve dozen. 
It would be а cause of great gratification if the movement be 
with an association of manufacturers. Municipal bodies had 
failed to produce any important reform. We must remember 
that we could not live without rendering the air impure, and, 
rich ав the country might be, we could not afford to destroy our 
manufactures in order to preserve the beauty of our fields. In 
such cases there must compromise. о should oftener 
arrive at the truth if these questions were considered from wider 
points of view. 

Professor Crack Catvert, F.R.S., read a paper on the same 
subject. Dr. Calvert said:—The action of the products of the 
distillation of coal upon vegetation varies a great deal according 
to the circumstances under which they have been produced; 
thus, the products of the perfect combustion of coals may be 
represented by carbonic sadan water with small quantities of 
nitrogen and sulphurous acid, all of which are invisible gases, 
having no action on vegetation except sulphurous acid. But if 
coals are introduced into a gas retort and heat applied the 

roducts given off aro numerous, chemists having already 
isolated and characterised more than 30 distinct substances, 
many of which are most destructive to both animal and vegetable 
life, being highly poisonous when administered in even minute 
quantities ; therefore, the products obtainable from coals vary 
enormously according to the circumstances under which they 
are produced. The above statement will enable us better to 
understand what is commonly called “ smoke,” and the reasons 
why it varies so considerably in composition. Thus the 
smoke issuing from the chimneys of private dwellings may 
be considered on the whole as belonging to the class where 
perfect combustion occurs, for the gases, as they emerge from 
the chimney, carry with them, only carbonic acid, carbonic oxide, 
and sulphurous acid, and a small quantity of the most volatile 
hydro-carbons which are given off, and this only takes place at 
the time and shortly after the coals are freshly added to the fire; 
the less volatile products being condensed in the flue of the 
chimney, forming what is called soot; but as soon as the volatile 
products (which are characterised by burning with flame when 
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coals are puton the fire at first) are consumed, the carbonaceous 
mass which remains in the fireplace may be considered as under- 
going peret combustion, and emitting, as stated above, only 
gases, ving little or no action on vegetation or man, more 
especially when they become diffused in the atmosphere. But 
the results of burning coals under the steam boilers employed in 
our large factories are very different. 

lst. Because coals are constantly being added to the mass in 
combustion. There is not, consequently, that cessation of the 
distillation of tarry products above stated, as taking place in the 
fireplace of private dwellings, and it follows that the products of 

erfect combustion, which are generated near the grates of the 
вс in factory furnaces, are constantly mixed with a con- 
siderable quantity of tarry substances produced by the distilla- 
пов of the coals, and, therefore, through their imperfect com- 

ustion. 

2nd. As stated above, in the chimneys of our dwellings, the 
draught is such as to permit many of the imperfect products of 
combustion, or most ot the tarry products, to condense, whilst 
in the tall chimneys erected in our factories the draught is such 
ав to carry out from them the above noxious volatile products ; 
and as many of them will easily condense into liquids and solids 
when they come into contact with a cold atmosphere, they 
cannot diffuse nor be carried far before they fall upon plants 
and other bodies existing in the neighbourhood of such chimneys, 
and as many of the tarry products are highly poisonous 
to plants, they affect vegetation in a very marked manner. 

3rd. * Black smoke” is a mixture of the products of the im- 
perfect combustion of coal with carbon ina high state of division; 
the solid particles of carbon when floating in the atmosphere 
become, like all solids, centres of attraction for fluids, and 
thereby assist in the condensation of the liquid and poisonous 
products above mentioned, and help to carry and fix them on 
the surrounding vegetation, which is characterised by a depoeit 
of such products upon the surface of the leaves and bark of 
plants, which prevents that free contact with tho elements of 
the atmosphere which is so essential to their health and growth; 
for, as you are aware, plants absorb carbonic acid from the 
atmosphere from which their carbon is derived, and they Peet 
oxygen and watery vapour. Further the intensity of these 
actions is in exact ratio with the intensity of light, and when 
“black smoke" is produced in large quantities it interferes 


| with the тау of light arriving on the surface of the earth, and 


thereby affects vegetation materially. It appears to me that 
the above facts give an explanation of the activity of vegetation 
observed in London as compared with that witnessed in Man- 
chester, Leeds, Sheffield, Hivatnpham; &c. I am well aware 
that the vegetation in these towns may be slightly affected by 
the large proportion of sulphurous acid which the smoke issuing 
from the factory chimneys contains as compared with the 
quantity of sulphurous acid produced by the consumption of a 
better class of coal in London, but sulphurous acid, like all 
gases, has such a high diffusive power and the mass of air with 
which it mingles is so considerable, owing to the high tempera- 
ture at which it leaves the top of the “igi chimneys, that, 
although it may somewhat affect vegetation, still I consider its 
action is comparatively small in proportion to the injury effected 
by the fixation of “ black smoke " upon plants, &c., as described 
above. Asto the comfort which the inhabitants of our large 
manufacturing towns would derive from the perfect combustion 
of the fuel in our large mills, works, &c., no one can venture to 
say ; at all events, as a matter of health and comfort, an opinion 
can be formed by comparing the state of the atmosphere in large 
towns like Manchester on Sunday as compared with that which 
is witnessed on the other days of the week. It is hardly neces- 
вагу to add that it is on record in evidence before a Committee 
of the House of Commons that manufacturers can effect а saving 
of 16 or 20 per cent. by burning their smoke, and it is most 
painful to reflect that after the weighty evidence which has been 
adduced by many of thc leading manufacturers of Manchester, 
such as Messrs. ley, J. Whitworth, Henry Houldsworth, 
&c., before a Committee of the House of Commons some twenty 
years ago, we should still live in such a noisome, unsightly, and 
unwholesome atmosphere as that of this city; and, lastly, to 
witness how Acts of Parliament are put on one side, when they 
are to be carried and enforced by local authorities who are in 
such cases the offenders, and at the same time the authoritics 
called upon to inflict fines and punishment. 

Mr. Peter Spence, Е.С.\., read a paper on the same subject, in 


November 1, 1866) 


the course of which he said the black smoke of our manufacturin 
operations is, as one would naturally imagine from the continu 
outery made against it, the worst form of the evil: that, in fact, 
it is, all things considered, in a sanitary quint of view, an evil 
at all, I am here to deny; and as I have for years made this a 
subject of thought and investigation, Ithink I shall be able to 
substantiate my opinion. 16, іп getting rid of black or visible 
smoke, we were at the same time to get rid of the products of 
combustion altogether, no doubt the advantage would be great ; 
but if we only increase the quantity and intensify the poner for 
evil of the invisible substances produced, the benefit is not 
apparent; and if by getting rid of visible smoke we merely get 
rid of a body not only inert for evil, but in other circumstances 
fully allowed to be a body of a health-producing character, then 
we not only do no #00, we do paian harm. The facts аге 
decidedly in the inverse ratio of the theory of the sanitary 
smoko consumers, but harmonise completely with what I belicve 
to be a true theory, founded on a consideration of the nature 
and ordinary effects of the body with which we are dealing. 
Would it not be well, therefore, for our sanitary friends to leave 
this matter to the economist? While we have nothing to gain 
on the score of health by consuming our smoke, and may have 
something to lose, we have much to gain in the economy of our 
fuel. 

Mr. HawpseL Свтртнз contributed a paper, read b 
Captain Clode, one of the secretaries. Mr. Grifhths proposed, 
as a practical remedy, that the large chimnies of manufactories 
should be supplied with five or six diaphragms of wire gauze, 
the lowest to be easily removable, and to be placed at so great 
a distance from the furnace that the heat should not affect it. 
The second diaphragm was to be also removable, as, indeed, all 
of them, for the purpose of cleaning. 


—————— 


ON THE UTILIZATION OF METROPOLITAN RAIL- 
WAY ARCHES AS DWELLINGS.* 


Bx B. Emanvet, С.Е. 


Тнв want of good and sufficient accommodation for the 
labouring classes 1n the metropolis has been felt more within 
the last few years than at any other previous time, and has at 
length attracted public attention to the means for its redress. 
It 15 un Сар that the evil has been caused to a great 
extent by recent metropolitan engineering works, and раг- 
ticularly by railway extensions. It is estimated that 20,000 

eople have already been evicted, while 100,000 more will be 
Jispóssessed by the various schemes now on foot. No further 
argument than this statement is needed, to prove the necessity 
for prompt action. таи 

hilst it is clear that that scheme is Ше best which, if ca- 
pable of being practically carried out, would make the cause of 
the evil the means of its removal, it follows that no such perfect 
scheme can be devised as the one which would make it the 
interest of the railway companies (which turn out the poor 
wholesale) to find means for their accommodation. | 

To compel railways, by direct legislative interference, to give 
house-room to the poorer classes whom they evict, would be 
impracticable. The principle has already been attempted to be 
enforced and it has signally failed. As matters stand at present 
and with the strong opposition which railway companies can 
raise in Parliament to an unpalatable scheme, it is a matter 
both of policy and of necessity to endeavour to adopt other than 
compulsory measures. If, then, а feasible scheme could be 
shown by which the railway companics would increase their 
revenues, and by which the poor would be housed and benefited, 
the interest of the railway companies would be, not to oppose, 
but perhaps to further that scheme. 

In and about London there are thousands of railway arches 
belonging to the various companies. Some few of these are 
used as shops, a few more as warehouses and workshops; but 
the great majority are, at the present moment, totally unoccupied 
and unproductive. 

To convert these existing arches into labourers’ dwellings, and 
to provide for similar accommodation in all future viaducts built 
in the neighbourhood of great cities, will at least provide for a 
large proportion of those now ejected. 


* Read at Manchester Meeting of Bocial Science Association. 
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It is the object of this paper to discuss the means which can 
be taken to best carry out this scheme, and the advantages or 
otherwise arising from its adoption. 

For each dwelling that is built inside a railway arch, two side 
walls and a roof are already constructed. It will immediately 
suggest itself that an advantage is gained in point of economy 
of construction over the same amount of accommodation any- 
where else; and this saving may be calculated at about £ 
each arch, or £5 per room. 

It may be urged in opposition to the idea itself, that tenants 
could not be obtained for this class of dwelling :—that the noise 
and vibration arising from the traffic overhead would render 
such arches practically uninhabitable. It is believed that this 
objection, oes popular, is groundless. A very few of these 
arches are fitted up and occupied as dwelling-houses, and the 
author during the investigation of the past few months into this 
subject has met with and questioned the occupants of most of 
these—the experience of some ranging over a period of six years. 
They have been unanimous in the statement that no great incon- 
тешепсе is experienced. Indeed it is а fact that the noise and 
vibration arising from the passing trains is more felt in the 
houses by the side of the railway than in the arches themselves; 
and if further evidence be required it is possible to point to shops, 
restaurants, &c., where business is carried on with no more disad- 
vantages than if the premises were streets distant from the 
railway. 

It may be a matter of surprise that such an obvious expedient 
as the utilization of the arches should not have been previously 
carried into effect. It ів probable that had they been the pro- 

erty of individuals they would long since have been во utilized. 

ut although the idea has, doubtless, been suggested before, and 
notwithstanding the difficulty of dealing with any new idea by a 
railway company, other causes have had their effect in dela 
the scheme. e causes which have prevented private indi- 
viduals from taking the arches from the companies and convert- 
ing them as proposed, are somewhat numerous ; but, as will be 
seen, are matters of practical detail only. 

One of the most important preventive causes is the policy of the 
companies, hitherto, in refusing to grant long leases. y of 
them will give only a yearly tenancy—the most liberal a 7, 14, 
or 21 years lease—while insert clauses reserving power to 
regain possession by a three or six months' notice. 

is policy, if МЕНІ in, would be fatal, for it would prevent 
capital being employed by private individuals on such a precarious 
tenure. But as possession is only likely to be again required by 
the companies in case of a desire to widen their lines, it would 
meet the requirements if а short lease only were granted, and 
compensation be given in case of eviction, for the moncy laid out 
in fitting the arches as dwellings. 

Again, the present arches vary a great deal in size, and, there- 
fore, in adaptability to the purpose. The best type is an arch 
about 25ft. to 30ft. frontage, about 30ft. deep, and 2Oft. high to 
crown. In each of these arches could be built five rooms, a 
washhouse, yard, and offices. But only a small proportion of 
the whole number of arches closely approach this type. In 
the construction of a railway viaduct, the requirement insisted 
on by Parliament is a headway of about 17ft. where the arches 
of the viaduct cross public roads. For purposes of economy, 
the height of the arches is reduced directly the roadway is 
passed. The consequence is that the generality of arches do 
not averhge nearly 20 ft. in height. Sf hose on the London, 
Chatham, and Dover extension system average only about 14ft. 
from ground to crown of arch. 

Again, there are also many arches under four lines of rails, 
where a necessary depth of about БО feet for this purpose would 
render them too closely approaching tunnels, for the light and 
ventilation essential to a dwelling-house. Though then a double 
dwelling-house can be constructed, with six rooms in each arch 
of such a railway as the London, Chatham, and Dover, yet the 
accommodation in point of economy of building, of light, and of 
ventilation, would not be perfect. It is necessary to add, how- 
ever, that a very large number of arches of the latter type 
are at present in existence round London. 

Again, it may be objected that the smoke arising from the 
chimnies would be likely to be a nuisance to the passengers on 
the railway. The few chimnies which now exist without com- 
Ваш are at the level only of Ше top of the parapet ; but, if 
uture inconvenience be experienced, it will be a slight matter 
to carry the chimnies up to above the level of the carriage tops. 
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If this is found to be inefficacious, it will be possiblé to use one 
of the numerous smoke-consuming grates or stoves, or the 
principle (which has been carried out in some of the buildings 
of the Metropolitan Association for Improving the Dwellings 
of the Industrial Classes) of conveying the smoke from в number 
of flues into one large common shaft, may be applied. Іп an 

ши these ways it is possible to obviate any objections on this 

ead. 

The difficulty of access to some, and the absence of water- 
pipes and drainage, have also hitherto acted as a slight draw- 

ack to the utilization of arches as dwelling-houses. 

The above are the principal objections which can be urged 
against the scheme. It is believed that the whole of them are 
matters of detail which can be satisfactorily solved by the intro- 
duction of clauses into future railway Acts, without the opposi- 
tion of the companies themselves, if (in order to disarm this 
opposition, and to’ prove to the companies that they would not 
be prejudiced, but, as before stated, benefitted by it) private 
enterprise first showed the value of the proposed scheme. 

It is, accordingly, in contemplation to try the experiment by 
а private association on (say) twenty arches. Such an experi- 
ment can in no way be a very bad, and it is possible that it may 
be a good, investment. 

If the latter is found to be the result, it will then be possible, 
without the opposition of the railway interest, to introduce into 
Ton private Acts some such compulsory clauses as the fol- 

owing :— 

(1.) Compensation, pro rata, for outlay in building to be given 
to tenants of dwelling-houses under arches, in case of 
summary eviction. 

(2.) Where a viaduct is required to be wider than 30 ft. (or 
two lines of railway), to build & second viaduct at a distance 
from the first. 

(3.) Sufficient land to be bought to get access on one side 
(вау ay. ft. in width), and light on the other side (say 6 ft. in 
width). 

а) Standing orders to be altered to a compulsory minimum 

eight of 20 ft. to crown of arch. 

(5.) Fireplaces and flues to be constructed in piers and 
parapets. 

These clauses, though entailing an extra cost upon the railway 

m anies, would repay them in the rent obtainable from the 
wellings. 

In all fatate railway schemes which come before Parliament 
for sanction, the policy also should be in favour of constructing 
overground rather than underground railways. In all of the 
latter class, with the exception of those under carriage-ronds, 
property is destroyed without an opportunity for provision being 

о for those dispossessed. In those of the former class, it 
may be possible to provide dwellings for nearly the whole 
number evicted. 

The author has now indicated what he believes to be the best 
means to adopt to give good house accommodation to large 
numbers of the labouring classcs at the present time, and to 
provide for future wants as they are created by the chief cause 
of the wants. It remains now only to prove that the commercial 
value of the scheme claims for it that support which its higher 
results demand. 

The following figures are taken from a tenement of this nature 
on one of the existing lines of railway, and which is within the 
author’s knowledge. 

The tenant, who is also lessee, a working builder, took the 
arch six years ago, and built himself a house within it, consisting 
of two sitting-rooms, three bed-rooms. kitchen and washhouso 
combined, and offices, and states the cost аі £100, 

Which at 5 per cent., gives ... £5 0 0 

Rates and taxes . 200 

Insurance А 22% € .. 013 0 

Add cost of collection of rent (say) ... 1 

And repairs per annum (say) e 2 

Total outgoings per annum (exclusivo of rent of 
arch) Да E ves 275 is ... £10 13 0 

Now, at an estimate of 8s. per week for rent of 
the dwelling, the income from each arch, per 


annum, would be 20 16 0 
Leaving a net income to the railway company on 
each arch, per annum, of (say) asa £10 0 0 
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On the thousands of arches in existence and in eontemplation 
in and about London, the increase of revenue to the railway 
companies may at once be secn. 7 . 

But taking the arches as worked by private enterprise, and 
each therefore as subject to ап additional charge to the company 
of ground-rent, and taking this ground-rent at an average of £4 
(ап ample charge to cover the ground-rents of five-roomed 
dwellings in the district where these are contemplated), а 
further deduction of £4 would be made on the above net income. 
This would leave an interest of £11 per cent. on their outlay to 
any lessees under the company ; and a simultaneous profit, free 
from risk, of £4 per arch per annum tothe companies themselves 
on the thousands of arches which they will be in a position to 
lease. 

In many districts in London large blocks of buildings have 
been erected with new materials, and on a scale which should 
not be attempted in this scheme; and yet at в cost of £160 per 
tenement (capitalising the ground-rent in the same way as 
been done above), ӛ per cent. is paid to the shareholders of the 
company over which Alderman Waterlow presides; and this 
instance is from buildings in the City-road, where ground-rents 
are certainly higher than in the out-districts where the railway 
arches would be utilized. 


———— — 


Боби. 


Architecture of Ahmedabad, the Capital of Goozerat. Photo- 
graphed by Col. Bicas, R.A. With an historical and descrip- 
tive Sketch, by Тнкорове С. Hors, Bombay Civil Service, and 
Architectural Notes by James Еквосвон, F.R.S., M.R.A.S., 
F.H.I.B.A. Published for the Committee of Architectural 
Antiquities of Western India, under the patronage of 
Ptemchund Raichund. London: John Murray. 1866. 


Тнів is not a country nor an age prone to the publication of 
handsome architectural books. From time to time elaborate 
volumes leave the press, but their frequency has not kept pace 
with the late general advance of architeeture. The work before 
us is, however, one of the most important and most novel which 
it has fallen to our lot to notice for a long time past, and forms 
some exception to this rule, for it introduces the architectural 
student to a series of fine examples, the merits of which are in 
England but little understood, nay it is not too much to say» 
the very existence of which has been but barely known to the 
majority of Europeans; and it makes use of photography as a 
means of illustrating architecture in a more systematic and 
complete way than almost eny previous publication. Many 
series of photographs illustrative of buildings have been pub- 
lished, ahd some books partially illustrated by photography have 
also appeared, but this volume appears to us more completely to 
develop the capability of this new art to lend itself to the 
highest class of book illustration, in the same way as the art of 
engraving has hitherto been used, than any previous attempt 
in the same direction. 

To understand how it comes to pass that in Ahmedabad there 
should be found a series of buildings uniting the patient industry 
and endless elaboration in decoration of the Hindoo, with the 

urer architectural forms and wonm skill in ornament of the 

{ahommedan, we must go back some little way into the history 
of that northerly province of Western India known as Goozerat, 
of which Alimedabad is the capital. 

Goozerat is a province marked out by well-defined natural 
boundaries, and having an extended sea-board. It is described 
in this volume as possessing great and varied natural beauty, 
and containing many cities and places of note, and as having from 
very carly times maintained a strongly marked independence. 

“The population consists of several distinct elements, each holding 
Из appropriate position іп the whole, and resembling each other in little 
more than that all are bold and warlike. The aboriginal Bheels and 
Khoolies, swartby children of the bow, still lord it in the forest and on 
the mountain; but elsewhere they have either blended with, or been 
dieplaced by successive waves of immigration, among which the fair- 
haired Kathi still proclaims his Scythio origin, and the chivalrous Rajpoot 
maintains his political supremacy. 


“ Possessing as we have seen a central and naturally defended position, 
an extensive sea-board, a fertile soil, and a high-spirited people, erat 
has from the earliest times had a distinct and self ing nationality, 


а position in history disproportionate to its area, anda vitality which 
has over surmounted foreign conquest and internal strife.” 
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The inhabitants of Goozerat appear to have held from early 
days the Jain religion, which is а form of Buddhism, and con- 
nected with which flourished a very distinct and remarkable 
architectural style, already well illustrated by Mr. Ferguson 
in previous works. Politically, the history of Goozerat was 
eventful, and even romantic, and Mr. Hope's historical sketch, 
commencing before the Christian era, and coming rapidly 
down to our own day, will be read with great interest. In the 
tenth century, the Mahommedan invasion broke upon India, and 
early in the eleventh the Mahommedans assailed Goozerat, and 
even possessed themselves of Somnauth, but they were eventually 
driven out of the province, and did not again attack it Юга 
ventary and a-half; nor does their authority appear to have 
been at all generally established there till the end of the four- 
teenth century, Rud then only by dint of continued effort could 
it be maintained. 

In the year 1412, Ahmed Shah, Viceroy of Goozerat. deter- 
mined on funding a new capital, to which he gave the namo of 
Ahmedabad, and which embraced in its cireuit the site of one, if 
not more, carlier cities; and here we have reproduced that 
blending of the arts of the conquering and the conquered nations 
which has so often been seen in various parts of Europe; the Jain 
architecture of the existing temples and palaces becoming blended 
with the well-known peculiarities of the Moslem. 

The leading feature of Jain architecture appears to have been 
an octagonal dome, resting upon architraves supported by short 
stone pillars. In the simplest plans these pillars were twelve in 
number, eight under the angles of the dome, and the remaining 
four so placed as to carry out the octagon toa square. From 
this simple plan great elnboration was eventually reached, and 
upon the surfaces carving of the most profuse ricliness was lavishly 
displayed. The mosques and tombs of Mahommedan structure 
displey almost universally these domes resting on a forest of 
pillars; but with the addition, in many instances, of enclosing 
walls, pierced by pointed arches, and of minarets, Moslem in 
shape, but very Hindoo in details. In the carliest of the 
mosques indeed, the enclosing external wall of masonry is very 
solid, with a few wide arched openings, and the enrichments 
sparingly introduced. Later on we get not merely the large 
arched guteways, but numerous window-like openings, many of 
which are filled in with the most exquisite parterna, usually 
geometrical, pierced through thin plates of marble, and producing 
an effect which those who have seen it on the spot describe as 
little short of magical. This species of decoration reached its 
acme in the two windows from Seedee Seyeed's mosque given in 
this book, of which it may be safely affirmed that nothing more 
beautiful has ever been produced by all the resources of medieval 
tracery. These windows have an arched outline, the springing 
line of the arch being on a level with the cills. They are 7 feet 
wide and 10 feet high, and the entire space is filled with flowing 
ornament, formed into the general resemblance of some flowering 

lant, the arrangement of the principal lines and the rich filling 
in being alike porfectly satisfactory to the eye, while the novelty 
of the mode of treatment gives them an extraordinary charm. 

Another variety in the treatment of the external openings 
consists in enriching square-headed openings, resembling Italian 
windows, by throwing out a broad projecting cill on corbels 
carrying shafts detached from the wall, and which support a 
kind of overhanging cornice, the whole very Hindoo in Из 
treatment, but elosciy resembling in its general outline and 
aspect some of the best examples of the same feature in Floren- 
tine Italian, only that the Ahmedabad examples are far bolder 
and far rieher in surface ornament, though less pure in form. 

Another very striking and characteristic feature to be found 
equally in those buildings where the exterior is enclosed b 
walls, and in those buildings or portions of buildings whic 

resent a row of columns carrying an architrave, is the cornice. 
This is very peculiar, and wonderfully well designed for a 
vertical sun. к consists of sloping slabs of thin stone, appa- 
rently projecting from three to five feet from the walls, with 
more or less of corbelling below them, and a parapet surmounted 
by a kind of ornamental battlement or brattishing above. This 
has the effect and appearance of a refined pent-house roof, which 
it, in fact, is, and E^ throw during the mid-day hours a deli- 
cious and sheltering shadow over the colonnade beneath. 

The forms of the columns made use of are very various; the 
are most usually square or octagonal, with elaborate well. 
designed bases, and repeated bands of. ornament on their 
ааба The capitals are ordinarily rather too heavy to an eye 
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trained in European schools; they аге usually elaborate, and 

artake more or less of the type of bracket capitals common in 
nee temples, though from these Mahommedan structures the 
elaborate in fact exuberant brackets всеп in the pure Jain 
buildings are very properly absent. 

The surface decoration is astonishing, whether we regard its 
wonderful elaboration or the purity and correctness of its design 
ав ornament. It is most lavishly applied to the bases of the 
minarets of mosques, and here its character seems ordinarily to 
be purely Hindoo, but examples both of panels and of flat wall 
decoration occur in abundance in these volumes, where, although 
the class of geometrical patterns found in the pierced panels is 
not employed, there is a sensible modification of the Hindoo 
style, so as to produce something better even than pure Saracenic 
wall decoration. As an example of this, we may refer to the 
wall decoration from the tomb of Rance Scepree, p а 24. 

Perhaps the most characteristic of all the features of this series 
of buildings is the dome, but this, unhappily, is less capable 
of being distinctly shown by photography than almost any other 
part of the building. It is externally distinctly visible in some 
cases, but is partly screened by the parapet and cornice sur- 
rounding the outer structure in others. Internally, both its 
height and its gloom render it a difficult subject for the camera; 
nevertheless, in two or three cases, the base at least of some of 
these domical structures is tolerably shown, as seen from the 
interior of the buildings they cover. 

The series of buildings comprising the great glory of Ahme- 
dabad were completed within the compass of & century (the 
fifteenth of our era), although examples are given of later date. 
In what measure the architectural features of which we have 
endeavoured to point out the characteristics, were combined 
into the structures here illustrated, we can hardly attempt to 
describe. Without numerous illustrations, the effort would be 
almost futile, but in the book itself are combined both the needful 
illustrations and a lucid explanation from the pens of two practised 
writers. Ono hundred and twenty Photographs are here given, 
and at a price for the whole volume which reduces their cost to 
below one shilling for each. They form a volume equally 
valuable for the study or the studio as for the drawing-room, 
and one which сап be recommended with more than ordina 
confidence to all who desire to form an acquaintance with this 
very distinct and singularly excellent school of art, hitherto all 
but unknown in Europe. 


—— eo 


NITRO-GLYCERINE IN THE SANDSTONE QUARRIES 
OF THE VOSGES, NEAR SAVERNE. 


THE explosive properties of nitro-glycerine (C$ Н (№0*)3051, 
and the results of experiments rade with this substance in 
various parts of Sweden, Germany, and Switzerland, have 
induced Messrs. Schhmidt and Dietsch, proprietors of extensive 
sandstone quarries in the valley of the Loire (Bas Rhin), to try 
it in their workings. 

These experiments have been successful both as regards 
economy, facility, and rapidity of work, and the use of force 
has been temporarily abandoned, and for the last six weeks only 
nitro-glycerine has been used for blasting purposes in these 
quarries. 

1. The preparation of nitro-glycerine is commenced by mixing 
in a vessel, placed in cold water, fuming nitric acid, at 49° or 
50° Baumé (1-476 or 1-490 вр. g. English), with double its 
weight of the strongest sulphuric acid. (These acids are both 
expressly manufactured at Dieuse and sent to Saverne.) 

The lycerine of commerce, which should be free from lime 
and lead, is evaporated in a vessel until it indicates 30? to 31? 
Baumé (1.245 and 1.256 sp. в. English). This concentrated 
glycerine should become solid when completely cold. А work- 
man then pours 3,300 grammes (about 7} lbs.) of the mixture of 
sulphuric and nitric acids, well cooled, intoa glass vessel (a stone 
pot or porcelain vessel will equally answer the purpose), placed 
in a trough of cold water, and then pours slowly, while gently 
stirring it, 500 grammes (llb. 102.) of glycerine. The most 
important Foni is to prevent a sensible heating of the mixture, 
which would cause a rapid oxidation of the glycerine with the 
production of oxalic and. It is for this reason that the vessel 
in which the transformation of glycerine into nitro-glycerine 
takes place, should be оаа y kepi cool externally with cold 
water. 

The mixture being stirred well, it is left for five to ten minutes, 
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and then it is poured into five to six times its volume of cold 
water, to which a rotating motion has been previously given. 
The nitro-glycerine is rapidly precipitated in the form of a 
heavy oil, which is collected by decantation in a deep vessel ; 
it is then once washed with a little water, which is also decanted, 
and then the nitro-glycerine is poured into bottles ready for use, 

In this state the nitro-glycerine is still a little acid and watery ; 
but this is no drawback, as it is used shortly after its preparation, 
and these impurities in no wise impede its explosion. 

2. Properties of Nitro-Glycerine.—Nitro-glycerine is a yellow 
or brownish oil, heavier than water, in which it is insoluble, but 
it dissolves in alcohol and ether. Exposed to a cold, even 
abate, but prolonged, it crystallises in long needles. A very 
violent shock is the best mode of making it explode. • Its 
management is otherwise very easy, and not dangerous. Spread 
on the ground, it is difficult to make it take fire with a lighted 
match, and even then it burns but partially. A flask containing 
nitro-glycerine may be broken on stones without exploding it ; 
it may be volatised without decomposition if carefully heated ; 
but if tho ebullition becomes brisk explosion is imminent. 

А drop of nitro-glycerine falling on а cast iron plate mo- 
derately hot, volatalizes quietly; if the plate is red-hot, the 
drop inflames immediately, ad burns like a grain of powder, 
without noise; but if the plate is hot enough, without being 
red-hot, for the nitro-glycerine to boil immediately, the drop is 
briskly decomposed, with a violent detonation. 

Nitro-glycerine, especially when impure and acid, may de- 
compose spontaneously after a certain time, with release of 
gas, and production of oxalic and glycolic acids. It is probable 
that spontancous explosions of nitro-glycerine, the disastrous 
effects of which the newspapers have made known, are occasioned 
by a similar cause. Nitro-glycerine being enclosed in well- 
corked bottles, the gas produced by its spontaneous decompo- 
sition cannot release themselves; they exercise a very great 
pressure on the nitro-glycerine, and under these circumstances 
the least shock and the slightest shaking may occasion an 
explosion. Nitro-glycerine is of a sugary, sharp, and aromatic 
flavour; itis also a poisonous substance. In very small doses 
it occasions very severe headaches. Its vapour produces like 
effects, and this circumstances might well be an obstacle to the 
use of nitro-glycerine in headings in mines, where the vapour 
could not be dispersed as easily as in open quarries. 

Nitro-glycerine is not a properly nitrous componnd, analogous 
to nitro-, or binitro-benzol, or to the mono-, bi, and tri- 
nitro-phenisic acids. For instance, under the influence of 
reducing bodies, such as hydrogen, glycerine is set at liberty, 
and caustic alkalis decompose пао cerne into nitrates and 
glycerine. 

3. Methods of using Nitro-Glycerine.—Supposing that it was 
required to detach a mass of rock at 2.60 metres or three metres 
(8 to JO ft.) distance from the external edge; a hole is drilled 
about two tothree metres (from 6ft. біп. to 10ft.) in depth, five 
to six centimetres (2 to 24 inches) in diameter; after having 
cleared this hole of mud, water, and sand, 1,600 to 2,000 
grammes (3lbs. to в.) of nitro-glycerine are poured into it by 
means of a funnel А small cylinder, in wood, card, or tin, of 
about four centimetres in diameter and five to six centimetres 
(18 inch, 2 to 2} inches) in height, filled with powder, is then 
put in. This cylinder is a ed to a fuse, that penetrates it & 
short distance, to ensure the explosion of the powder. By means 
of this the fuse is lowered to the surface of the glycerine, which 
is known by practice. 

The fuse is then held steady, and fine sand is run in until the 
hole is entirely filled. It is unnecessary to compress or plug u 
the sand. The fuse is then cut off a few inches above he Tho е 
and lighted. At the end of a few minutes the fuse burns down 
to the cylinder and ignites the powder, which occasions a violent 
shock, and causes the nitro-glycerine instantly to explode. The 
explosion is so quick that the sand never has time to be thrown 
out. The whole mass of rock is raised up, displaced, settles 
quietly down without any being projected, and а dull report is 
heard. It is only on the spot that any idea can be formed of 
the immense force developed by the explosion. Formidable 
masses of rock are easily displaced, and cracked every way, and 
ready to be cut up by mechanical means. The principal 
advantage is that the stone is but little crushed, and there is 
but little waste. With charges of this nitro-glycerine 40 to 80 
cule nore (1,400 to 2,800 cubic fcet) of pretty hard rock may 

e detached. 
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BELL-FOUNDING. 


Мв. Н. М. Brews, in his contribution to the recent! 
published work, entitled “ Birmingham and the Midland Hard- 
ware District," writes :—This trade seems to have been unknown 
in Birmingham till the middle of the last century, when a 
foundry жак in existence opposite the * Swan " at Good Knave's 
End, on the road to Harborne. This foundry poppies peals of 
bells to three adjoining parish churches in 1760. Twenty years 
later, one Ducker had a foundry at Holloway Head, and cast 
chimes, since which time there із no record of large church 
belis in peals having been cast in the town, although an ex- 
tensive trade in other descriptions has continued to flourish and 
extend. Church, school, plantation, factory, and ship bells 
still closely adhere to the medieval type. They vary in size 
from half a hundred-weight to half а ton, the largest size now 
cast at Birmingham. There is a great demand for them in the 
home and nearly стегу foreign market. including South America 
and the Colonies, "hailwer and dinner belle, from four to 
seven inches wide at the mouth, with a wooden handle attached, 
are largely used for domestie purposes; and the majority 
of railways in England, India, Баа Brazil, &c., have been 
supplied from Birmingham. Musical hand-bells are still 
made, but the demand is very limited, as they are seldom 
required by any but village ringing clubs. Cattle and 
horse bells are oblong at the mouth, the size varying from 
three-and-a-half inches by two-and-a-half inches to seven 
inches by three-and-a-half inches. They have conical sides, and 
a square iron loop at the top. They are in great demand for 
Australia and New Zealand, the smaller sizes being suited to 
the Brazilian and South American markets. Sheep bells are 
cireular at the mouth, and an elongated semi-circle in shape, 
with a loop at the crown. They are used in England, and ex- 
ported to the Cape, Australia, New Zealand, «с. House bells 
are so familiar, as to need no description. Some exceedingly 
small bells, from 2 to ld inch, are used as an article of barter in 
the African trade. Sleigh, dray, and aparin bells, small cir- 
cular bells, with an iron ball cast inside, are largely used in 
Canada and India, and command a limited sale at home. During 
the last ten years an increasing demand has arisen for fancy, 
table, office, and call bells, constructed of the ordinary clockbell, 
mounted on a stand, and struck by the pressure of a spring. 
Not very long since, Messrs. Schofield, Sons, and man 
executed an order for 10,000 green bronzed and lacquered house 
belle, 7202. in weight, for a West African Prince, to adorn his 
new iron palace. Messrs. J. Wilson Browne and Co. recently 
also received an order from avother African prince, for a number 
of polished ship bells, in elegant brass frames, and mounted on 
mahogany stands, some of which were engraved with the name 
assumed by the distinguished potentate, “ Yellow Duke, Esq.” 


—— m 


A new Belt for Soldiers —M. Heeremans, a Belgian, has in- 
vented a belt for soldiers, which deserves the attention of all 
interested in military affairs. After an engagement or battle, an 
idea may be formed of the miserable position of the wounded, 
who, without timely care and dressing for their wounds, often 
perish without succour, or from the heats or colds that bring on 
gungrene. The belt is buckled on as an ordin belt; it is 
1:30 m. in length by 8 centimetres in width. It is hned outside, 
во as to receive a band of dressing of the same length, which is 
readily drawn out. Close to the buckle are two india-rubber 
pockets, containing, firstly, a bandage for a second wound; 
secondly, lint, plaster, pins, вс. The soldier wears it on his 
trowsers, and the total weight does not exceed 150 grammes, or 
about 5 ounces, In many cases the soldier would be enabled to 
dress his own wounds or those of his wounded comrades. Once 
the wound dressed, which might occupy two minutes, the belt 
may be used as a great bandage, whether the wound be in the 

or leg; ifin 45 arm it serves ав a sling. This belt, of so 
slight a weight, and at a price not exceeding a franc, does not 
impede the movements of the soldier. 


Microscopic Printing —One of the objects that have excited 
the most curiosity in the recent exhibition at Toledo, was a 
complete edition of Don Qutrote, printed in microscopic сһа- 
racters, on fifty-four cigarette papers, in four volumes. 


December 1, 1868) 


THE ARCHITECTURAL ASSOCIATION. 


Tue regular fortnightly meeting of this Association was held on the 
9th November, Mr. Е. а Edis, President, іп the chair. Мг, 8. Lane, 
Мг. М. Ferguason, Mr. Willism Day, Mr. Frederick H. Reed, Т.Н. 
Watson, Mr. Arthur Briggs, Mr. Thomas Kedge, Mr. Reginald Worsley, 
Mr. С. W. Mulligan, Mr. E. B. l'Anson, Mr. С. Eals, Mr. W. Birdseye, 
Mr. I. Walker, Мг. W. H. Arber, Mr. В. W. Woodcock, Mr. Edward 
Newson, Mr. George Allin, Mr. F. M. Harvey, Mr. Charles Bell, Mr. 
D. J. Ross, Mr. Talbert, Mr. Arthur Vernon, Mr. A. 8. Alluin, and 
Mr. W. С. Davie, were elected members of the Association. 


An address was then delivered upon 


THE RELATIONS WHICH SHOULD EXIST BETWEEN 
ARCHITECTURE AND THE INDUSTRIAL ARTS. 


By М. Diesy Wyar, Е.В.Г.В.А., F.S.A. 


Тин Lecturer commenced his address by stating that, one 
primary object which he had in addressing the Association was, 
to call the attention of young architects to the importance of 
being ready to seize upon any new invention or discovery, any 
new materials, or processes, or revivals of ancient ргосевзев, or 
disused materials, and to fit themselves for introducing them 
with judgment and success in their buildings. His purpose was 
not then to compare the relative merits of one style of architec- 
ture with another, but rather to show the means by which all 
styles might most safely and surely advance and keep pace with 
the. requirements of the age. There was а continual debate 

about new styles of architecture,—a cry for something different 
' from the Classic or Gothic styles which were prevalent. It 

was not by inventing new styles, but by improving and advancing 
the styles which we possessed, and by the introduction of new 
materials, that architects would be enabled to obtain novelty and 
freshness in their work. Progress in the industrial arts was 
steady and constant, owing to their dependance upon the in- 
cessant wants of humanity, and there was a natural connection 
between those arts and the architect, as between master and 
servant. New inventions were being continually introduced 
to the architect, to be made use of in his work ; and it was 
by availing himself of this natural connection that the archi- 
tect would advance in a right and safe path. Knowing this, 
architects should take great interest in manufactures, in the 
introduction of new technical elements, and in the formation of 
new materials and processes. “ More novelty" was to be got 
by altering and bringing in adjuncts from industrial arts which 
had not been heretofore habitually applied to architecture, than 
by attempting to use the old materials which have been con- 
stantly used by our forefathers, and twisting them into forms 
different from those hitherto seen. Mr. Wyatt said, that if the 
members would carry their mind’s eye back for twenty-five 
ta they would at once recognise the great advances which 

ad been made. Не instanced first mosaic work. Twenty-five 
years ago that art had scarcely any existence at all in this 
country. Now,one could scarcely pass along the street without 
seeing large pieces of pavement covered with it, so universally 

1t come into use. 

It was also rapidly spreading over wall surfaces, and he 
believed it would ultimately change the whole style of the 
interior architecture of the finest ecclesiastical structures of the 
land. Again, in the article of stained glass. Twenty-five years 
ago it was quite rare. Now, it is quite common, and its 
introduction or non-introduction altered the effect of the entire 
building. He thought they could scarcely have the brilliant 
colours in the windows without wishing to have colours also 
on the solid surfaces which surrounded the windows. And 
so the architect was led on to make his design richer and richer 
by the introduction of new materials. Thus he might restore 
to the skeleton of the grandest monument time had alone be- 
queathed to him from past ages, those elements which once 
made it a living form. Тһе architect must engraft on the works 
of the past, the arts of the present, for thus alone could he 
emulate the beauty and grandeur which the monuments of the 
‘best ancient architecture presented. The mason’s art again had 
been essentially siodified. by the number of coloured materials 
which had been introduced. "That alone had changed architec- 
ture within his (Mr. Wyatt's) experienee. Great changes had 
been also wrought by ile introduction of coloured pottery and 
bricks. From these the architect gained the only pels chromatic 
effect which could be gained in a country with a variable climate 
like England. It was impossible to use artistic painting to any 
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extent іп land on exteriors, owing to its limited durability, 
but all materials which were permanent, were at the disposal 
of the architect; and greatly as his range of choice had been 
recently enlarged, there was every reason to hope that in a few 
short years it might be vastly increased. . 
During the building of the Houses of Parliament, mainly 
through the efforts of Pugin and Sir Charles Barry, great 
advances had been made. While engaged in the construction of 
that national undertaking, these great architects at once took 
advantage of every new art and brought it into use. Pugin 
made himself acquainted not only with excellent stone carving, 
but with metal work, wood work, stained glass, encaustic tile 
designing, hangings, carpets, paperings, and in short with 
everything which could furnish the monument which he was 
assisting to design. Especially in the mason's art great ad- 
vances were then made. Тһе old methods of vaulting which 
had fallen into almost entire disuse, were again introduced. 
Setting out complicated stone work had almost died away, since 
the period when St. Paul's had been completed. If reference were 
made to any general treatises on architecture of the last century 
--Вайу Langley's Гог instance—it would be found that there was 
ап almost entire blank in whatever related to stone vaulting. 
The period from about 1780 to 1830 had been especially poor 
in this as in other particulars. A little while before the earliest of 
those dates, Blondel had published his work, “ on the arrangement 
of luxurious houses and the decoration of buildings in general,” 
which waa far from being so poor as those of the English writers of 
the сга. There was the gardening and masonry, the iron-work and 
wood-work given in detail, and the whole of the directions for 
elaborately fitting up every part of the structure. With him 
the wood-work was not the simple rails and styles and panels, 
as given іп the ordinary terms of a modern specification, but 
the designs were much more varied, and intricate, and taxed 
the ability of the workman. It was a kind of work which made 
the workman feel proud of its exeeution. In those days the man 
who did his wor well was an honored workman. The same 
system ought to prevail at the present day. . That part of the 
art which might be called the industrial, or to revert to classi- 
cal tradition, the “technical,” was really the backbone—the 
substratum of architecture. Не was fully aware, he said, that 
there were other branches of study with which а student must 
be acquainted. But no knowledge of the higher branches of the 
art would compensate for the want of a practical acquaintance 
with the technical arts. In the ancient Greek structures it 
would be found that the basis from which the architects began 
their work was the perfection of their masonry. It was wrought 
lovingly with a finish and fineness, and the example of those 
ancient architects showed that perfection in workmanship was 
no less necessary now, and constituted the only means by which 
modern work could be made to gain as high a position in the 
world's estimation as had been won by the monuments of 
ancient civilization. | 
Having considered the dependence of the mother of the fine 
arts on industry, Mr. Wyatt proceeded to touch upon the 
manner in which, as it were by reciprocation, industry was de- 
pendent on the fine arts. For instance, he said, there was a 
class of arts which were dependent on painting. Coloured 
surfaces could only be had upon the principle of mosaic work, 
or by the addition of colour superficially. The architect who 
had studied colour in connection with the industrial arts could 
as easily design paper-hanging as he could any more structural 
mode of mural decoration; if he could design paper-hangings 
well, he could also, by a little special study, learn to design 
carpets, curtains, textiles generally, and he would be in а position 
to exercise a trained taste and judgment in any department of 
industry, even to selecting or composing that most difficult 
roblem a lady's dress. The same process of study carried on 
by the natural principle of dependence which led from one art 
to another, enabled the student to follow out every branch of 
design. Having once acquired a knowledge of general princi- 
ples, һе could, without difficulty, master the рак details of 
each specific branch, so if а student made himself acquainted with 
the laws of sculpture in its various plastic forms, not only in 
the round, but upon flat piain surfaces, and also upon curved 
surfaces, he would be able to apply all this knowledge on a 
smaller scale in relation to works of industry. By the natural 
sequence of things, everything іп the way of designing gravitates 
naturally towards the architect. His mind should be trained to 
appreciate whatever was artistic with special relation to the 
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materialemployed. If anarticle were designed with beauty and 
taste, the architect would see it and feel it the moment he looked 
on it; in fact, having had the mental training, he could scarcely 
keep himself from ihe practice of industrial do n. Looking to 
metal work as an illustration, it would be found that architects 
had almost involuntarily of late years changed its character alto- 
gether. The various books written by archeologists had called 
attention to this branch of industrial art, but the architects for 
the most part had given the revived and beautiful forms it was 
now frequently seen to assume. Till lately it had been very 
much lost sight of, but when теп began to think about it, and to 
insist upon taste in ironwork, improvement commenced, and 
people would not now tolerate bad designs. In this manner not 
only artists, but the public and the trades were benefited. 
Now-a-days the public got a much better article than they 
did twenty or thirty years ago; and this improvement in the 
industrial arts had been effected mainly through the influence 
of the architects. Artists and architects had not sought 
sufficiently industry, but industry had sought the artists. He 
(Mr. Wyatt) strongly recommended students to exercise them- 
selves in designing for the industria] arts to which he had been 
referring. To design for those arts required the same general 
power of combining which was necessary in an architectural 
edifice. Thus whatever an artist designed, he should make 
specific in its function; if it were a box which he designed, its 
purpose should be borne in mind, and it should be like a box, 
and not like two books, as boxes were sometimes designed ex- 
ternally. The purpose of an article, as of a building, should 
always be expressed by its external configuration. 

The same quality in an architect's mind which made him 
design a church like a church, or a warehouse like a warehouse, 
should enable him to make а box like a box, or a chair like a 
chair; it should express the purpose, the right purpose, and the 
class of purpose to which it was to be applied. Much improve- 
ment in this respect had been effected, and it was mainly due to 
archwologists that it had come about. Artists owed а debt of 
gratitude to those who had brought together in museums the 
various b»autiful elasses of objects which had been designed оп 
these principles by the great artists of past ages. If, for instance, 
he pues altar at Milan, the Pala d'Oro at Venice, or the 
wood carvings on the screens of some of the Parisian churches, 
were studied, it would be found that all of them had been 
designed by men who had made metal work and wood carving 
subservient to architecture. An architect's duty was to create 
beautiful things, big or little, cheap for the million, sumptuous 
for the millionaire, and he ought not to turn away from the 
manufacture of any ordinary objects upon which the stamp of 
beauty might be impressed. Mr. Wyatt said he did not need to 
remind them of the number of arehitects who had been not only 
artists in their own particular branch of art. but had been also 
artists in the industrial branches. The middle ages were fruitful 
of men who were not only architects, but goldsmiths and metal 
workers, and who took as much interest in wood and ivory 
carving as in the design of a large building. He (Mr. Wyatt) 
had with him & number of original designs by old masters, 
which he had lately had an opportunity of purchasing in Italy, 
shewing that it was in the power of an architect to make him- 
self master of the details, both of his own profession and of 
the industrial arts. (The sketches were mostly details of wood 
and metal work, majolica, wall painting. and stucco and sgratfito 
work.) Mr. Wyatt continued his remarks by observing that these 
sketches proved that the men who were the finest draughtsmen, 
and the finest artists, were also the men who could best enter 
into the special technical requirements of industrial art. He 
believed that wherever society had been highly cultivated, tlre 
highest artist had been employed to make industrial objects 
beautiful. Many of the ancient architects were universal in 
their Ie of design. The men who were contemporaries 
with Haffael were special instances during the period of the 
renaissance in Italy, and during the best times of Greece and 
Home, the same universality of power was noticeable. Тһе 
same intcllects which constructed the great buildings of the 
country, were also able to descend to little industrial details ; 
and the same people which admired the one most profoundly, 
eould not exist without the other. For the opportunity of 
notieing and generalizing such facts regarding ancient work, 
artists were much indebted to the Manchester Exhibition of 
1857. Не had specially noticed at that exhibition the vitality 
which was shewn 1n every branch of artistic production at the 
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eat culminating periods in the history of monumental art. 
Phere жаза General hatinguy among the objects exhibited, and 
however remote and distinct the period of their production 
might have been, yet as the highest point of artistic power was 
reached, there was found to be a common feeling pervading them 
all It was the same colour lighting up the highest Заб: апа 
the beholder could see that there was the samc art, the same 
nature, and the same God ruling above all. To the Crystal 
Palace, the Hotel Cluny, and the Kensington Museum also the 
artistic world were under great obligations, as in those interest- 
ing collections the same general principles to which he (Mr. 

yatt) had adverted, were noticeable. No country in the 
world, not even France, had such a collection in which the 
student could so readily observe the connection between the 
industrial arts and the architects, ав we posscssed, thanks to 
Mr. Cole's energy and Mr. Robinson’s fine taste, at South 
Kensington. In the museums in Paris, it was true there were 
many beautiful objects, mostly of the renaissance period, and 
their “ loan collection” of the year before last had been most 
instructive. There might have been seen multitudes of old 
processes worthy of active revival by modern architects, such as 
inlays, veneers, and new modes of designing joiners’ and cabinet 
makers’ work, in the study of which latter the observer was 
made to take a delight in the ingenious complication of the true 
art workman revelling in his craft, and had his queue of 
beauty in that field of design altogether quickened. There were 
also in the Paris Exhibition some of the finest specimens of 
Henri II. ware, especially suggestive for ceramic revivalists, as 
well as some beautiful specimens shewing the art of applying 
enamel. There had been another continental exhibition, especially 
interesting from an ecclesiastical point of view, at Mayence. 
Mr. Wyatt produced a fine series of photographs of articles in 
that museum, which he considered were extremely interesting, 
especially those showing the metal work of Namur, wrought by 
that magnificent art workman of the thirteenth century, “ Hugo 
des Oignies,” and е“ dinanderie," or old ecclesiastical “ latten” 
work of Dinant. 

In speaking of the relations between the industrial arts and 
the architect, Mr. Wyatt begged his hearers to bear in mind 
that it was not only the industrial arts which might be benefitted 
b7 плевра ее the bonds of intimacy, but that the architect 
also would be Pii aiii Ad and reciprocally benefitted. There 
was no class of practice which was more improving to the youn, 
architect than one in which he could not only design, but coul 
have his design executed. There was a great difference between 
making such a design and one which passed only to the student's 

rtfolio, without being really put into execution. The latter 

ad not half the instruction which it would have were it to 
be executed. Only then could the designer discover his faults. 
Execution was the crucial test of a design. Now, a student or 
goung architect could per get this test in the form of a large 

uilding, but he could readily in some small industrial object, 
which might only cost a few shillings; and thus his taste and 
judgment were exercised, and he was trained for larger works 
when called on to design upon a larger scale. With such 
poe and experience, he would not be nervous about. how his 

uilding was going to look. Let him but give himself a trainin 
in designing industrial objects, and he would find that he woul 
easily anticipate what his drawing was going to look like, and 
this lisi would give him strength to advance when called 
to deal with responsible problems. А somewhat baser con- 
sideration (Mr. att said) was the emolument to be derived 
from designing industrial objects. Тһе manufacturers of the 
country were earnestly looking out for intelligence. Manufac- 
turers did not want draughtsmen and modellers only. but artists 
with knowledge, taste, and talent. Many of the industrial arta 
had improved, but there was still much room for advance- 
ment. He held it the duty of every architect who could design, 
to design for this class of objects. It should be the pride of all 
those whose occupation it was to deal with mntters oF beauty to 
endeavour to advance the industries of the country and of art in 
all its forms. The aim of the British architect should be that 
all art should be perfect, just as among the ancient Greeks, 
everything was perfect from the Parthenon to a little necklace, 
from the philosophy of Plato to the gem he might have worn 
upon his finger. 


Mr. Sprens said the subject which had been brought before the 
Association by Mr. Wyatt was most important, and deserved the earnest 
attention of young itects. The enormous extent of the publication 
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of drawings and photographs of every known style had since the sixteenth 
century produced a perfect chaos, in which it was difficult to steer, so 
that in an ordinary domestic dwelling, as many distinct styles might be 
formed in the furniture, carpeta, &c., as there were rooms in the house, 
or even articles of furniture. Іп France, however, a certain consistency 
had always existed between the interior decorations of the rooms, furni- 
ture, &c., and the exterior architecture,—so that each of the reigns of 
Louis ХІП., Louis XIV.. and Louis XV., may be said to have possessed 
а distinct style. The architect’s attention, therefore, should be drawn to 
the furniture of a house, as well as to the exterior design. Не (Mr. 
Spiers) had noticed a growing interest in industrial subjects in the class 
of design in connection with the Association. Sideboards, chimney- 
pieces, church plate, &c., had been treated at various times, and last year 
the decoration of a chancel arch, an extremely difficult subject, had been 
well worked out; it was not probable that an architect could be called 
upon to design fresco paintings on church walls, but it was as well he 
should have ideas and judgment in the matter. Next year, when the 
Paris Exhihition is opened, we shall have an opportunity of judging 
of the progress made in industrial art since 1862; he (Mr. Spiers) could 
remember the Exhibition of 1851, and was able to note in 1862 the pro- 
grese which had been made in the interim. Whilst we had learnt much 
from our French neighbours before, now perhaps something might be 
learnt from English work, and in no branch more than in that of stained 
glass and iron work; whilst in architecture proper, the employment of 
coloured materials, of hricks, tiles, marble, &c., in our exteriore, might 
offer many suggestions to French architects, who hitherto had designed 
in plain stone only. Mr. Spiers concluded by moving a vote of thanks 
to Mr. Wyatt fur his excellent lecture, 

Мг. Marurws seconded the vote of thanks. 
greatly indebted to Mr. Wyatt for his valuable lecture. It was one that 
members would do well to think over, and act upon. Не trusted it 
would stir them all up to attention to the minor details of their art. 

Тһе Presipent, in putting the vote of thanks, observed that it was very 
disagreeable for а young architect to find after he had designed his house 
with all саге, that the external effect was to be entirely marred by the 
wretched design of the chairs and other furniture in the internal em- 
bellishments of the dwelling. Architecture was not only an art but a 
science, and the student must bear in mind that if he studied it only as 
&n art, and not as a science, he was in danger of becoming a mere 
theorist. Не quite , however, with all that Mr. Wyatt had said, 
but considered that the one difficulty was the greater expense of furniture 
specially designed; he believed that architects were sufficiently com- 
petent to design artistic furniture, but it was somewhat difficult to design 
it sufficiently inexpensive. Englishmen desired cheap articles, and they 
would rather endure tbe ugly designs than pay more for really artistic 
work, He (the President) had often tried to get cliente to have furni- 
ture designed, and they had always said, “ what will it cost?" The 
answer of course was that it would cost a little more than ordinary 
furniture, and the people had always declined to get it done. It was 
only when manufacturers could be got to do things cheaply from archi- 
tects’ designs that art furniture could be obtained. So long as they threw 
obstacles in the way of the artist, во long would the present system con- 
tinue. He could not comprehend why cheap things should necessarily 
be ugly things. The common articles of the ancients were always 
beautiful and artistic, and people now paid high prices for antique vessels, 
which were probably once cheap enough, but would anybody, four or five 
hundred years hence, give guineas for a ginger beer bottle of the nine- 
teenth century! It was quite clear that the relics of ancient times which 
were stored in museums were valued because they were objects ot beauty. 
In those days, mechanics were mure or less artists, and artists were more or 
less mechanics. They designed carefully, and all worked co-operatively 
together. Why things could not bo doneas well and as artistically now, 
he could not tell; but if an artist took designs to a tradesman, he would 
find the cost from titty to two or three hundred per cent. above the price 
of the articles they put in their windows. The President concluded by 
thanking Mr. Wyatt for his valuable address, and putting the vote of 
thanks, which was carried unanimously. 

Mr. Wyarr, in thanking the meeting for the vote of thanks, observed 
that the difficulti-s which had heen referred to were but additional 
reasons why architects should give greater attention to the subject he had 
had the honour of bringing before them. Manufacturers might be still 
conservative in their trade principles, but tbey had been well stirred up, 
and ought to be so still more, and made to move on in the current of 
improvement. Pugin did much to urge them forward іп the path of 
progress, and it was by other architects continuing what he had во well 
commenced that architects would soonest obtain what they all desired — 
objecta of industrial art in taste, and at such moderate prices as 
shonld render them rather the rule than the exception throughout the 
country. 


The Association was 


— 


Spanish Railways.—The line of railway crossing the passes of 
Sierra Morena is now open for traffic; thus the journey may be 
made without interruption between Paris, Madrid, Cordova, 
Seville, and Cadiz. ithin a few months, Madrid will be 
united with Lisbon by the Badajos Railway. 
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RAILWAY BRIDGE AT LA PLACE DE L'EUROPE, 
PARIS.* 


By Тномав Савопл, C.E., A.B. 
(With Engravings). 

As a nation, we undoubtedly enjoy the distinction of haring 
been the first to introduce and adopt the present system of rail- 
way engineering. We were the pioneers of steam locomotion 
in Fanos and on the continent generally, and are, at this very 
time, actively engaged in carrying into far distant lands the 
benefits which have accrued to ourselves from its constituting 
the most prominent of our internal resources. Those who are 
the first to witness the advent of an improvement, whether its 
origin be fortuitous or otherwise, may naturally be expected to 
be also the first to imitate it, provided they have the 
sagacity to distinguish between an improvement and an 
innovation. Every innovation is not an improvement, nor 
is every novelty a reform. There are still railways in 
progress of construction in France whose professional head- 
quarters are to be found in Victoria and Great George 
streets ; but there is no question that a great proportion of the 
work formerly designed by English engineers and executed by 
English contractors, is now carried out from first to last by the 
French themselves. They have now their own engineers and 
contractors, and we no longer possess а professional monopoly. 
Viewed in a jealous and башқ raninded Hight: this may appear 
а matter of regret, but to the man of enlightened mind, to the 
engineer anxious for the advancement of his profession, for the 
diffusion of its utility, and for the universal recognition of the 
truth and soundness of its principles, it is a subject of cordial 
congratulation. А vast difference exists between an abstract 
principle, theory, formula, or equation, and its application to 
actual practical examples. Тһе former are the embodied results 
of scientific researches and natural laws, and are unalterable ; 
the latter is susceptible of infinite variations. Given certain 
theoretical data in common, every engineer will deduce an 
identical theoretical result; but no two will produce an 
identical practical result. Тһе difference, probably may not 
involve any departure from sound.and established principles of 
construction, but it will, in all cases, be sufficiently marked to 
indicate that the designs emanated from different individuals. 
Thus, every nation will practically apply those principles of 
science which it may either have discovered ве or received 
from а neighbouring people, іп a manner most in unison with 
its own particular tastes and ideas. Hence arises the diversity 
of execution attending similar designs, since the character and 
style of the work will always be, more or less, strongly tinctured 
with those peculiar habits and opinions which, in fact, constitute 
a nation's individuality. Consider the influence of succeeding 
nations upon architecture, and the manner in which various 
styles sprang into existence among different people. With 
respect to ourselves, it must be admitted, however unwillingly, 
that our ideas of architecture are becoming rapidly merged into 
an appreciation of the capabilities of iron, and all our efforts to 


‘maintain its ancient grandeur and beauty are confined solely to 


ascertaining how far this modern substitute for stone and 
timber may be rendered subservient to its interests. If an 
engineer of the present day required an inspiration to complete 
his design, Vulcan is the only deity he could legitimately invoke 
to his assistance. A stone bridge, of dimensions sufficient to 
render it worthy of the name, will soon be a rarity, not only in 
this country, but on the continent and elsewhere. 

The physical features of a country no doubt exercise a con- 
siderable influence upon the most advantageous method of 
constructing engineering works within its boundaries. So far 
as iron structures are concerned, they appear to be indepen- 
dent of this influence, for we have erected dace &nd roofs in 
Russia and India differing in no essential points from those put 
up in our own country. The introduction of railways and that 
of iron bridges was contemporaneous. Iron bridges may be 
divided into two principal classes, viz., those carrying railway 
traffic, and those cárrying ordin road or street traffic. It is 
only recently, comparatively speaking, that iron bridges have 
been employed for the purpose of carrying road or street traffic. 
They were generally confined, in the early days of railroads, to 
carrying the railway over an intervening space, and were con- 
sequently limited to under bridges. The over bridges were 
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usually built of masonry or brickwork. Latterly, however, this 
restriction has been removed ; and considering the success that 
has, in every point of view, attended the erection of Westminster 
Bridge, and the probable success that will also accompany the 
construction of new Blackfriars Bridge, it is almost certain that 
our next street bridge over the Thames will be constructed of a 
similar material. An example of the erection of a wrought-iron 
bridge for the p se of carrying street traffic, has very recently 
been afforded in Paris. It is the object of the present paper to 
give a general and detailed account of this recent construction, 
which possesses some features of peculiar interest to the engi- 
neer. The locality where this remarkable structure is erected 
is known by the name of “ La Place de l'Europe," and is appro- 
priately so termed, since it is the common focus to which 
converge six of the principal streets of Paris, named respectively 
* London-street," “ Berlin-street," “St.  Petersburg.street," 
“ Constantinople-street,’’“‘ V ienna-street," and “ Madrid-strect.” 
Without reflection, it might be supposed, granting that there 
was а choice in the matter, that it 1s bad engineering to run a 
line across the junction of roads and streets, whereas it is in reality 
& point to be aimed at in laying out a line of railway, as one 
bridge thereby answer the purpose of several. It is true that it 
will probably be larger than any one of the others considered 
separately, but it is cheaper to build one good-sized bridge than 
three or four small ones. The late extensions of our metropoli- 
tan lines in and about London will furnish numerous examples 
of the junction of several roads and streets being crossed by 
railway bridges both under and over. The plan of the bridge 
evidently owes its peculiar and irregular shape to either the wish 
or the necessity for preserving the directions of the converging 
streets unaltered. In London, where a glance at the railways is 
sufficient to convince the observer that the question of utility is 
penne every other consideration, we should unhesitatingl 
ave sacrificed the gardensin the angular portions of the prone 
diverted each pair of side streets into the main channels, Berlin 
and Madrid streets, and by so doing reduced the size and cost 
of the bridge to about a third of its present dimensions and 
value. There is те little doubt, however, that the engi- 
neer had no choice in the matter ; a paternal government marked 
out his ground-plan for him, and all that he had to do was to 
employ his professional skill and ability in designing the most 
suitable bridge under the circumstances. In consequence of 
the bridge being close to a station, viz., the terminus of St. 
Lazare, there are numerous sidings and turn-outs running in 
all directions under the bridge. The main lines are, thcrefore, 
considered to be parallel to two of the piers, and to one of the 
abutments, and these latter will be referred to as the piers and 
abutment on the square, and the others as the pier and abutment 
on the skew. The shape of the bridge on plan (see fig. 1, 
Plate 40) may be subdivided into three parts—the central 
portion, and the two side portions or wings. The reason for 
the introduction of the skew picr is not by any means 
clear; it appears to have been introduced for the purpose 
of giving an uniformity of span to a number of the inter- 
mediate girders, which bave the other end resting upon the 
abutment on the skew, to which it is parallel. lt certainly 
divides the whole distance into two spans ; but a single column 
of masonry or cast-iron pillar would have accomplished this 
result equally well, without the necessitating a continued pier of 
masonry. Тһе girders may be classed under the following 
heads—face girders, or those which can be seen in elevation, 
looking from the railway on each side of the bridge; inter- 
mediate girders, or those running continuously from abutment 
to abutment ; girders in the angles under the converging streets ; 
and, lastly. the cross girders. ‘l'he face girders are six in number, 
two of which AB, CD, are called the central girders, and are the 
only two absolutely identical in span and other details out of forty- 
one, which constitute the entire number of main girders, as dis- 
tinguished from cross girders. The span of these central girders 
is 828. The remaining four face girders have the following 
spans У. ог that under Vienna-strect Dus a span of 137 29ft.; Lor 
that under London-street is divided into two spans, of which the 
shorter ів 72:62ft. in length, and the longer 191-80ft., being the 
longest single span of any girder in the bridge. The girder C, 
under Constantinople-street,1s 137 25ft. in span, and may be con- 
sidered identical in all respeets with that under Vienna-street, 
as the difference in their relative spans is only 0:04 of в foot, or 
just half an inch. The other au us P, under St Petersburg- 
street has а span of 112:47ft. ith respect to the rest of the 
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main girders the plan of the bridge may be divided as follows— 
a central portion, comprising all the intermediate girders, and 
the four angular portions, connected respectively with the 
girders already mentioned. The intermediate girders, running 
continuously from the square abutment to the skew one, are 
nine in number. Of these nine, Nos. 1,2, 3, 4 are regarded as 
continuous over three spans, and the remainder, Nos. 5, 6, 7, 8, 
9. extend over four. Strictly speaking, Nos. 2, 3, and 4are con- 
tinuous over four spans, but the span between the skew pier and 
the square one is so small as to be disregarded. It would 
be to no purpose to give the total span of any one of these 
nine girders; it will be sufficient to mention that the total span 
from abutment to abutment of the shortest No. 1, is 3U4'81ft. ; 
that of the longest, No. 9, 340-85 ; and that of No. 5, 322°81: 
which may fairly be taken as the average total span of 
the whole nine. It will be seen that the three same spans 
in each girder have the same constant length. The span 
from the square abutment to the square pier is constant 
for the whole nine, and is 98°40ft.; the central span, from one 
square pier to the other, is also constant, being 82ft. in length ; 
and the span from the skew pier to the skew abutment is the 
same for all, and is 1019086. in length. The variable quantity is 
the span between the square and the skew pier. The distance 
from centre to centre of the intermediate girders is 16 72ft. 
Passing on to the girders situated in the angles of the bridge, 
we will commence with those under London-strect. They are 
eleven in all, seven of which rest partly upon the skew abut- 
ment and partly upon the face girder, and have an average s 
о 64.23ft. The remaining four bear at one end проп Ше skew 
abutment and at the other on the skew pier, and are not con- 
tinuous over it. They have, therefore, a constant span of 
1901908. The distance from centre to centre of the nine inter- 
mediate girders is 18:14ft., being about 18щ. more than that of 
the intermediate girders. The girders supporting Vienna-strect 
are five in number, and supported partly by the square abut- 
ment and partly by the face girder. The span of the shortest is 
21:95ft., and that of the longest 97°19ft. Of those under Con- 
stantinople-street the shortest has a span of 23:4^ft., and the 
longest of 93:65ft. Those under St. Petersburg-street are also 
five in number, the first having a span of 7:201. and the last of 
102:298. Тһе girders under Vienna and Constantinople streets 
are 18:29ft. apart from centre to centre, and those under St. 
Petersburg-street are placed the same distance apart ав the in- 
termediate girders. e reason for these varying distances is 
probably the desire to divide the spans of the face girders into 
a number of bearing points equally distant from one another. 
The cross girders are ааа parallel to one another, but their 
respective spans are not constant. Those іп the central part of 
the bridge placed between the intermediate girders have as 
of 15218., and those between the girders in the angles of 
18920. АП the face girders are what are known as double 
lattice girders, and, in order to preserve an uniformity of 
appearance in the elevation, have the same depth, although their 
spans vary considerably. The intermediate and the girders 
under the side streets, with the exception of those under Vienna- 
street, are also of the double lattice form, but of a simpler 
description. The girders in the corners, in consequence of the 
limited dimensions of their spans, are single lattice girders. 
The girders resting upon the faced girder supporting Vienna- 
street are of the plate form, two of them being single or plate 
irders proper, and three of them being double, or what are 
own as box girders. The whole of the cross girders are plate 
irders. 
S Ова of the principal difficulties to be overcome in the con- 
struction of the present bridge arose from the streets being on 
different levels. It is а common enough observation that “facts 
are stubborn things." Well, levels are engineers' facts. "They 
cannot be disregarded or got rid of. А diversion of а road or 
stream may frequently be accomplished in half a dozen different 
ways, but given a certain height to rise in a certain distance, 
and there is no choice but to adopt the only gradient that can 
be got. The rise in Vienna-street is 1 in 28, the whole rise of 
the street being obtained in the span of the face girder У. the 
roadway continuing horizontal over the central part of the 
bridge. "This difference of level is provided for by constructing 
the girders resting upon the face girder with ends of uneq 
depth. The consequence of this difference о level in the streets 
is to cause the roadway to be suspended at abont the centre, 
vertically, of the face girders, and to produce both an unpleasing 
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and unscientific appearance. The distribution of a load either 
over the top or bottom of a girder appears, во to speak, natural ; 
but the position given to it in the elevation has not only rather 
an unsightly appearance, but is the very worst position a load 
сал occupy, since it is in close proximity to the neutral axis of 
the girder. The actual disadvantage resulting from so placing 
the load depends, in a great measure, upon the amount of 
vibration exercised by the moveable portion of it. In a bridge 
similar to that at the Place de l'Europe, where ordinary street 
traffic has only to be provided for, the concussive action of a 
moving load may be neglected, as it will be absorbed in the mass 
of the bridge, whose vis inertia would more than compensate for 
any slight shock occasioned by the passage of a very heavy 
weight. In railway bridges, unless of very large spans, these 
conditions are reversed, the moveable load preponderating over 
the fixed or static load. The author considers that the face 
girder supporting Vienna-street might have been placed on the 
incline of 1 in 28, and the central girders raised to the level of 
the present streets with considerable improvement in point of 
appearance. The roadway and its support would then appear 
іп their proper relative positions, the centre of gravity of the 
whole structure, together with its load, would be lowered, and 
the rigidity of the bridge increased. The cost of raising some 
of the piers would be counterbalanced by the reduced height 
in the abutment, and, if otherwise, the additional expense would 
be very trifling. The end spans of Lambeth Bridge are upon an 
incline of 1 in 23:33, and, although it is by no means a handsome 
structure, yet it is doubtful whether the inclination of the вһоге 
ends has anything to do with its want of beauty. The masonry 
of the Paris bridge presents no features worthy of particular 
notice. The piers ЖЕ! abutments аге faced with coursed ashlar, 
dressed and chamfered, and relieving arches are built in them 
between the solid pilasters, supporting the ends of the girders. 
The greatest pressure upon the square abutment is 1:86 tons per 
M foot upon one of the square piers, and upon the skew 
abutments 2 tons, and upon the other square pier and upon 
the skew pier 3:2 tons per square foot. The greatest pressure 

r square foot immediately under the bearing of any of the 
Е. е face girders does not exceed 3 tons. 

a longitudinal] section of a portion of the roadway, see Fig. 2, 
the cross girders are shown 6:56. apart from centre to centre, 
and between them are turned arches of hollow bricks, 9in. deep, 
and weighing 0:146 ton per foot run. ‘The haunches of Ше 
arches are filled in with thin concrete, weighing 0°108 ton per 
foot run. Over the arches is spread a layer of Ни, rather 
more than jin. in thickness, and weighing per same unit of 
length 0'018 ton. Оп the top of the asphaltum the metalling is 
laid; it is lft. in depth, and weighs 0366 ton. Adding the 
weight of the cross girder itself, equal to 0:032 ton per foot run, 
we obtain for the total weight, nup by the cross girders 

т running foot, ("66 ton, or nearly 13] смі. This weight, 
owever, is only constant for the cross girders situated in the 
angles of the streets, and in the end spans of the intermediate 
irders. Those in the centre of the bridge, owing to the greater 
epth of metalling, carry half as much again, and may be thcre- 
fore said to have а load per running foot of exactly 1 ton. 
Making W to equal the total weight per running foot, and 
1 d for the distance of the cross girders apart, we find 


= 0:1006 tcn, the weight per square foot of the cross girders 


and roadway. gading a proof load of 00366 ton, we obtain 
0:1372 ton as the total load per square foot. Тһе weight of the 
main girder is, of course, not included in the above calculations. 
In а similar manner, the maximum weight per square foot, 
occurring in the central part of the girder, will be found to be 
0-1828 ton. The minimum load per superficial foot is therefore 
24cwt., and the maximum a little under 3łcwt. Of this total 
load, the portion 0°0366 ton represents the maximum live weight 
per square foot supposed to be brought upon the bridge, and is 

ual to 82lb. This is nearly the proportion adhered to in many 
of our own bridges. In apportioning the live load upon a bridge, 
the chief points to be regarded are its size and character. A 
smaller load per square foot may be assumed as the maximum 
for a large bridge than for в small one, as the effect of any 
violent and sudden transition of a live weight will be more 
severely felt in the latter instance than in the former. Again, 
the situation and character of the bridge determine whether the 
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ordinary assumption of the weight of в dense crowd as в 
maximum load is tenable or not. An iron bridge, especially в 
lattice, offers peculiar facilities for being loaded to an amount 
considerably above what could ЗЫН come upon а stone 
PEE having the same area. Imagine the bridge at La Place 
de l Europe under the circumstances attending a public royal 
departure from the terminus of St. Lazare. It is not too much 
to assert that not only every inch of space available upon the 
roadway and footpaths would be occupied, but every part of the 
sides and top ; every nook and corner into which a d or foot 
could be inserted, would be taken advantage of for the purpose 
ofsight-seeing. Any bridge situated in a locality similar to the 
one in question, is liable to be thus overloaded. The author 
has seen the chains of Lambeth Bridge covered with a live load, 
in addition to the platform. 

The manner in which the final thrust of the hollow brick arches 
supporting the roadway is disposed of is very ingenious, вее Fig. 2. 
It is manifest that although the arches rest upon the cross 
girders, yet the thrust of each half arch is resisted by that of its 
neighbour, acting in the opposite direction. This process of 
thrust and resistance is continued until we come to the last half 
arch, which has no fellow to take its thrust. This thrust is not 
taken by the abutment, as might be supposed, but the following 
method is employed. The last cross girder, upon which the 
arch rests, is tied by strong plate braces to the Jast cross girder 
but one, at the points of its bearing upon the main girders, thus 
transferring the thrust to these points. As an additional pre- 
caution, the last two arches are tied, the last by а Фар 
and the last but one by a flat tie rod. This arrangement makes 
the iron and brickwork to form one complete frame, so that if 
we were to imagine the whole superstructure lifted bodily off its 
supports, it would still be self-containing. If the thrust of the 
last half arches were taken by the abutments, the effects of the 
expansion, by alteration of the temperature of the main girders, 
would be accumulated upon them, and the consequences might 
be serious. By the method adopted, the total expansion is sub- 
divided at every cross girder, and the effect upon each arch is 
inappreciable. 

һе limits of a paper of this nature will not permit of в 
detailed investigation into the proportions and dimensions of a 
the various girders constituting the superstructure of the bridge, 
and, moreover, there would not be the slightest practical utility 
in attempting the task. A description of the details of the most 
prominent will amply suffice to give a clear idea of the manner 
in which the work is designed and executed, and to multipl 
examples on a smaller scale would be wasting both time an 
labour. It has been already mentioned that the girder V, under 
Vienna-street, has thc same span as that under Constantinople- 
street, and since that under St. Petersburg-street has a smaller 
зраз than both, we shall select the first as а fair type of the 

ee. It is shown in elevation in Fig. 3, and 10 section 
in Fig. 4. Its construction is peculiar, and consists of two single 
lattice girders, connected by a strong vertical diaphragm, but 
with a small space left between the respective flanges. The 
span being 137729 ft, and Ше depth 16°40 ft., the proportion is 


very large, being gi is clear that the girders under Vienna- 


-street transmit half of their load to the abutment, and half to 


the main girder V, and that in consequence of the inequality of 
these loads, the main girder is very unequally loaded; the 
frestest weight being brought upon it at one extremity, and the 
east at the other. The girders are placed 18:30 ft. apart, and 
in order to find the total amount of the load brought upon the 
main girder we must first ascertain these weights separately. 
Taking the weight per square foot of the cross girders and 
roadway 01372 ton, and multiplying it by the distance, 18:30 ft., 
we have 2:52 tons as the weight per foot run of the girders V3 
to V$, which is constant for all of them. То find the weight 
transmitted to the main girder by each of them, let P equal the 
constant weight of the foot run, and p the weight per foot run 
of each of the girders itself; making / to equal the span, and W 
the weight brought upon the face girder by any of those V* to 


V$, wo have м=р xi In the annexed table the 


weights, calculated by this formula, are given with the respective 
values of the letters :— 


86 


850 


ж-(? хр) xl 


3 Р=2-51 tons. 
P Ww. 
у 0:089 29.198 
y 0118 55:295 
vs 0:179 81-750 
vs 0:270 111:895 
vs 0:323 140732 


Adding together these separate weights, we find the total 
load transmitted to the main girder to be 419 tons. Тһе girder 
itself weighs 82 tons, which will make the total weight it has to 
carry, in round numbers, 500 tons, which is equivalent to 3:65 tons 
per ranning foot uniformly distributed over it. From the un- 
equal manner in which the load is brought upon the girder, it 
cannot be designed upon the usual hypothesis of an uniformly 
distributed load, and will, therefore, present two principal points 
of difference in comparison with girders designed on that 
assumption. One is that the reaction on the supports, and con- 
sequendi the strain upon the ends of the girder and the lattice- 
bars, will not be equal at both extremities; the other, that the 
point of maximum strain on the flanges will not correspond with 
the centre of the span. It should be remarked here that the 
French engineers in their calculations have taken the clear span 
between bearings, and not the distance between the centres of 
bearings, as is sometimes done. The reactions upon the abut- 
ments can be easily found from the princi le of tho lever, upon 
which is based all the theory of Kar santal. girders. Let R and 
R' be the two reactions, taking R to represent the greater, or 
that upon the square pier, and Е! the lesser, upon the abutment. 
If w?, 103, w*, &c., be the weights calculated for the girders, V*, 
Уз, V*, &c., and Ф, Ф, d*, &c.. their distances from Ше abut- 
mus 1) the span of the girder, V and W! its total weight, we 

ve 

w x d* -- w? хд + w* x d+... &c V Ят 

E mes scs ta 
* (L'— 1-- 1 
Similarly, в = (= (L'— d*) + aa Ф) +... ве) B 
The value of R is thus found to equal 350 tons, and R! — 150 
tons. It is evident that since the total weight supported by 
the girder is equal to (Е + R’), when one of the reactions 
is known, there 1s no necessity for working out the equation. 

The principle adopted by the French engineers in designing 
the girders is that of determining, firstly, а minimum section of 
flange which is constant throughout the whole span, and then of 
adding such additional plates at the centre and elsewhere as the 
amount of the strains may render necessary. - The reverse is the 
usual method employed by us. We generally first ascertain the 
maximum sectional area required, and then drop the flange 
plates accordingly as the decrease in the strains towards the 
коррави will allow. The former method is synthesis; the latter, 
analysis. The object to be gained in making each girder to con- 
sist of two separate girders is not by any means apparent, as all 
the diaphragms and stiffening in the world would never make 
the two act like one, and necessarily involves а much larger 
amount of bracing and extra material than what would be other- 
wise required. This will be evident on comparing the diaphragm 
in the sections with the light lattice bracing between the 
separate bars in the Charing Cross and Blackfriars railway 
bridges. The diaphragm is composed of a plate żin. in thickness 
and is riveted all round to angle-irons 43in. х 43in. x На. To 
lighten the material a piece of the upper part of the plate is cut 
out; but although this occasions a slight saving in weight it 
causes none in the cost, as the metal cut out would have to be 
included in the estimate. The distance between the centres of 
the flanges of each separate girder is 4:92ft., and the breadth of 
each flange is 1478. There is another peculiarity to be ге- 
marked in the manner in which the sections are built up. И is 
the introduction of the angle-irons at the outside edges of the 
flange plates, which almost seem as if they were placed there for 
the purpose of covering or protecting the edges. The compres- 
gion bars are of channel iron, which is undoubtedly the best 
section that can be used when a large sectional area of strut is 
required, but it is not so well adapted for bars of a small section. 
For these, and, in fact for all ordinary purposes, there is no 
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section which, for cheapness and facility of procuring,'can com- 
re with angle-iron. Т-ігоп is also an excellent form of section 
‘or large compression bars, but when used on a small scale there 
is a loss incurred, in consequence of the necessity of riveting it 
on both sides of its rib. An the ties are of flat bar iron, riveted 
at the crossings to the back of the channel irons. Except at the 
diaphragms, which are pues about 13ft. apart, there is no con- 
nection between the webs of each separate girder composing the 
section. The points of intersection of the struts and ties are 
Gift. apart, ind die greatest length of unbraced strut is a little 
over 7ft. The lightest section of channel iron used is 9°84in X 
92-95іп. x O'47in. x O'blin., or, as it might be called, 9łin. x 
Jin. X şin., having a sectional area of little above 7 square 
inches. ‘The section is therefore fully strong and stiff enough to 
dispense with any intermediate bracing for the above length. 
The minumum section of this girder is built up of four angle 
irons, two to each of the separate flanges, of 47210. x 472. X 
0-63in. or 4lin. x 43in. x Но. The author would have wished 
to give all the French measures of angle-irons and plates in their 
usual corresponding English dimensions, but was compelled to 
renounce the attempt, as the sectional areas calculated thereby 
would not tally. It would also have increased the labour very 
considerably, and involves а double calculation. The few tables 
available for converting French weights and measures into their 
corresponding English equivalents are little better than useless 
for scientific purposes. They serve in some instances as a check 
for one’s calculations, but for nothing more. In addition to the 
four angle-irons there are two plates 17:71іп. x 0°47in., and also 
the two angle-irons at the edges 4:33. x 2551. x 05). Of 
these last angle-irons (Fig. À) only the horizontal part is included 
in the calculation of the area. The two side plates are each 1777 lin. 
х 0°59in. The total gross area is 6:372 square inches. At the 
point of greatest strain this area is increased by the addition of 
extra plates, all 72in. in thickness to 97} square inches, the total 
thickness of flange being 2}in. The strain per square inch of 
gross sectional area upon the flange is 3:20 tons. The maximum 
strain per same unit of area, in any part of the bridge, is not 
greater then 3:82 tons, and the metal has been apportioned upon 
this datum. This is rather a low factor of safety, and perhaps 
accounts for the fact that there is no difference made in the 
sectional arcas of the top and bottom flanges. 

The ends of the girders are consructed of plates and angle- 
irons, and it will be sufficient to investigate the strain u 
the heavier end, or that resting upon the square pier. The 
available material to resist the strain consiajs of one plate 
11221 ft. x 059 ш., giving a section of 79} square inches; of 
eight angle-irons 441. x 4}in. x $in., having a total section 
of 444} square inches, and of two vertical plates 2 ft. din. х 0.17in. 
The total end sectional area ін therefore 147 square inches. The 
strain upon the heavy end of the girder has been already ascer- 
tained to be 350 tons, and we therefore find the metal to be 
strained to only the amount of 2:31 tons per unit of area. 
Although the strain is very small, yet it must not be supposed 
that there is a corresponding loss of material, for the ends of 
girders, particularly of lattice girders, require to be made extra 
strong. The principal object to be kept in view in designing 
the end of a lattice girder is, that all the strains brought by 
the bars upon the end pillars should be conducted to a rigid 
bearing, and should not have to draw for support upon any of 
the neighbouring bars, Each of these has its own work to do, 
and should not be losded in addition with strains ра қы) to 
another part of the structure. There is no doubt that solid end 
plates offer the easiest method of accomplishing this result, but 
at the same time it is the most uneconomical. There is no 
more necessity for a lattice girder to have solid ends than for а 
plate or box girder to have open ones. In consequence of the 
unequal distribution of the load, and the point of maximum 
strain not occurring at the centre of the span, but at the point 
У (see Fig. 3) it is here that the load may be supposed to divide, 
and be ultimately transferred to the supports, in the proportions 
prar described. Тһе angle of inclination of the lattice 

ars to the horizon is 44 deg. 6 min. 8 sec., or nearly 1 to 1. 
The ratio of the strains upon the bars to the vertical strains is 
therefore as 1.44 to 1. Тһе tie-bars, starting from the point 
of greatest strain, and proceeding towards the abutment 
from 1 to 7, are each 9:84 іп. x 0°63in., and since the girder is 
в double lattice, they are consequently in pairs, and the total 
sectional area of the pair is 12:38 square inches. The remaining 
ties completing the web on the same end are all of the same 
breadth, but the thickness is increased to 0°78in. The total 


December 1, 1808.) 


sectional area of the pair is therefore 15°36 square inches. Pro- 
ceeding now from the same point towards the pier, all the ties, 
with the exception of the two nearest to the point of maximum 
strain, have the thickness of the bars increased to 110 т. The 
sectional area of the pair is therefore equal to 21°65 square 
inches. The two exceptions are of the same scantlings as the 
lightest section used at the other part of the web. The 
channel-iron struts have thé same breadth as the bars, and 
"n in section in proportion with the ties they cross. 

hey are considered to be also strained to the same amount 
respectively, but as the nature of the strain is different, their 
sectional area is proportioned so as to Бе one-sixth stronger 
than that of the corresponding intersecting ties. The heaviest 
section of _. used in this girder is 9°84in. x 3°46in. x 098іп 
X O°5lin., giving a sectional area of more than 12 square inches. 
The general formula for the strain upon a pair of end bars is 
=. where W is the total load distributed, 
2x N x sine 9 
6 the angle between the bars and the horizon, and N the number 
of systems or series of triangulations in the web. As, however, 
the load in this instance is not uniformly distributed, and there- 
fore not transferred in equal portions to the supports, we must 


substitute for У its two values of Е and В! already found. 


Following the same order with the strains as in describing the 
bars, and bearing in mind that the reciprocal of sine 6 is 1:44, 
we shall find the strain upon the last pair of bars over the 
abutment to be 54 tons. Dividing this strain by the sectional 
area of the bars, it will be seen that they are strained a little 
less than the stipulated maximum amount, since we shall have 
about 34 tons per square inch, instead of 3:82 tons. To find 
the strain upon the bars upon the other end, we must consider 
the position of the girder V6, which is placed at about the 
distance of lft. from the pier. The weight brought upon the 
main girder at this point produces no effect upon the lattice 
bars, and, in fact, scarcely any at all upon that end of the girder, 
as the strain is practically tekon by the pier. Referring to the 
table of weights, we find this load to be 14) tons, and it must be 
deducted from 350 tons, the value found for R', before that 

uantity be used in the formula for the end strain. Effecting 
this substitution, and solving the equaticn, wo shall find the strain 
upon the pair of end bars to be 75 tons, and dividing as before 
by the area, the strain per square inch comes out the same as 


before, viz., 3} tons. The bars in the web of this girder appear ` 


to be proportioned scarcely in so scientific a manner as one 
would expect, nor is that due attention to the var ing amount 
of the strains in every bar sufficiently shown. For instance, 
there is no change made in the scctional area of the eight bars, 
starting from the point of greatest deflection and proceeding in 
the direction of the abutment. Again, when the section is 
inercased, the remaining bars, six in number, are all of the same 
section. The principal point to be noticed is the excessive dis- 


crepancy between the two bars where the increase takes place. | 


Thus, bar 7 has a sectional area of 12}in., and bar 8 of 15} square 
inches, a jump of 3in. in area being made all at once. The dis- 
crepancy at the other end of the girder is still greater, the dif- 
ference in sectional area of the double bar 1 and 2 being over 9 
square inches. It would not be judicious to make the sectional 
area of the web of a lattice girder vary too closely with the 
strains, especially ша railway bridge, or whenever the rolling 
load is large compared with the dead weight, but it should be 
borne in mind that the web of a lattice girder constitutes its 
chief economy. If it is not designed in a correct and scientific 
manner, it would be better to put a plate girder instead, and 
there are undoubtedly numerous examples of lattice girders 
which would have cost more than what plate ones would have 
done in the same positions. The cause of the jumps in the 
section of the bars is mainly owing to the very unequal distribu- 
tion of the weight, and we will consider the respective strains 
upon the bars of equal section. The minimum strain upon the 
first eight bars mentioned is about 3 tons, and the maximum 32 
tons. Similarly, the minimum strain upon the last six bars 
towards the pier is 30 tons, and the maximum 75 tons. There is 
clearly a great loss of material in constructing these bars of 
equal sectional area. As the rolling load in this bridge is little 
or nothing, there is no necessity for making the bars at the 
centre stronger than what is required for a dead load. 


(To de concluded tn our next.) 
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MOSAICS: SOUTH KENSINGTON MUSEUM. 


“ Mosaic,” said Ghirlandajo, “is the only painting for eternity." 
Some two thousand years ago it was practiced y Greeks and 
Romans, and now its revival is attempted by the Department of 
Science and Art at South Е. Ргосеввев which 
centuries ago were firmly established, revert once more to 
experiment, and an art all but lost has again to go through the 
successive stages of discovery. The mosaic pictures, eight in 
number, put up at Kensington, have received, for the most part, 
eulogy ; and the experiment is во important and novel, that a 
critical description of the technical processes and the arts of 
design called into play may prove instructive. First as to 
process or material. ‘Lhe ancient methods are at Kensington 
revived with a difference. Early mosaics, the Roman for 
example, were composcd chiefly of cubes of coloured stones or 
marbles. Our modern mosaics differ from the old in that they 
rely in no degree on natural substances. The cubes or tessere at 
Kensington are entirely artificial, yet in chemical composition and 
art aspect they are not identical. The terms used to designate 
the varied material are “glass,” “enamel,” and “ ceramic,” 
otherwise “earthenware.” Ог. Salviati, whose name has been 
identified with the revived manufacture of Venetian mosaics, 
has (from cartoons) executed in the South Court, Kensington, 
the figures of Nicolo Pisano, Benozzo Gozzoli, Apelles and 
Giorgione, in materials termed “ glass,” and "enamel" Ап 
examination of the Salviati tessere, now before us, shows 
accordingly two distinct materials, а semi-transparent glass, 
used as the basis of gold, and an enamel as opaque as sealing 
wax. It would put the matter on a true eclentitie basis were в 
careful analysis made of these tessere. Will Salviati, Minton, 
Maw, or Powell do this for their several manufacturers? Glass 
and enamel, however, have this quality in common, that the 
surface glistens and gives off light, a quality which in turn has 
been deemed а merit and а defect. And here is the point upon 
which manufacturers diverge at the present moment. Certainly 
а polished surface gives greater brilliancy, and the picture when 
viewed at the right angle is seen at a further distance; for the 
same reason it remains visible in a low light approaching dark- 
ness. On the other hand, there are abundant disadvantages to 
which a dead or mat surface is not subject; such a surface is 
seen in the figure of Cimabue, wrought, both in figure and back- 
ground, by Messrs. Minton, not in glass but carthenware. 
Jertainly the picture is less obtrusive; it can be seen without 
dazzle at varied angles, and so far it ap roaches fresco. There 
is another figure, that of Hogarth, БЫ makes a compromise 
between the two processes; the gold background is glazed, 
while the figure in material ceramic or earthenware is dead 
or mat. This discrepancy or contrast has been specially 
desigged by Messrs. среди to give decorative brilliancy 
to the background, and at the same time to save the 
figure from distracting glare of surface. The experiment 
is believed to be novel in the history of mosaic art. Such 
improvements, indeed, as Constantine and his successors made 
in mosaics were ull on the side of greater brilliancy; and 
specially is it recorded by Theophilus that the Byzantians dis- 
covered а cunning process of introducing a ground of gold under 
a surface of glass, whereby was shed over large mosaic works а 
splendour before unknown. This ingenious method, still to be 
observed in the mosaic pictures on the facade of St. Mark’s, 
has obtained from Mr. Ruskin warm encomiums. And the 
delicate medimval process is certainly skilfully imitated b 
Salviati. When the modern gold glazed tesserm are placed side 
by side with cubes from the facade of Orvieto Cathedral, по 
material difference can be detected betweenthem. An unbroken 
gold background is all but an untried decorative condition in 
this country. But the middle ages afford a number of precedents 
which may serve as guidance, such as the interior of St. Mark's, 
of Santa Sophia, and the ceiling in a stanza of the Vatican, 
painted b phael, in imitation of mosaics. In modern times, 
too, the Byzantine chureh of АП Saints, Munich, shows a back- 
ground blazing in brightest gold. For the direction of our own 
artists, it may be useful to recapitulate the conditions essential 
tothe right use of gold backgrounds. Such backgrounds are 
obviously non-natural, conventional, and decorative; the colour 
of the gold is intense, and requires corresponding lustre in the 
surrounding ornament. Such treatment necessarily implies 
architectonic and monumental styles. And these considerations 
enjoin simplicity of composition, severity in line, breadth and 
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firmness in modelling, and decision in relief of the figure from 
the plane of the background. Such canons, enforced by the 
earliest and best examples, place mosaics in an intermediate 
position between bas-reliefs and paintings; and it is evident 
that the compositions at Kensington Taro been chastened 
and restricted accordingly. Indeed, even that degree of 
pictorial treatment usual to bas-reliefs subsequent to Ghiberti, 
seems to have been deemed inadmissable. It is true that 
the later mosaics on the front of St. Mark's, allied to 
the school of Titian and Tintoret, are flowing and free; and 
it is said that in the Pope’s manufactory in awe, enamels of 
10,000 different colours are used, so as to make the mosaics for 
St. Peter's fac-simile copies of the works of Raphael and the 
florid painters of the late Italian school. But such treatment, 
though not mnplearing to the popular eye, has been deemed out 
of keeping with architectural compositions. This judgment pre- 
vails at Kensington, so that only in some small accessory details 
is pictorial treatment seen in the cartoons, and the completed 
mosaics are in liberty further restricted, so that distance and 
perspective have been wholly excluded. In short, the treatment 
Ppprosches that of the strict Greek bas-relief; in other words, 
the figure and action are limited to the one plane of the fore- 
ground. This is at all events safe; the practice is at least 
sanctioned by the best precedent; yet, in the words of Sir 
Charles Eastlake, the unflinching application of these strict 

rinciples to all mural decoration were an “extreme doctrine.” 

oubtless it may be possible to discover a just mean between 
opposite extremes. e cost of the Kensington mosaics has 
been stated at £25 for each cartoon, and £100 to 6150 more for 
the finished work. It were interesting to ascertain what relation 
this cost, calculated at the square foot, bears to that of stained 
glass, fresco, distemper painting, and other modes of mural de- 
coration.—Journal of the Society of Arts. 


22 --- 
KRUPPS STEEL WORKS, ESSEN, RHENISH 
PRUSSIA. 


Тнввв works rank among the largest in the world, and 
are certainly the most extensive by far of any works devoted 
entirely to the production of cast steel and objects ma- 
nufactured therefrom. They have gradually grown from a 
small factory, employing some 40 hands, and devoted then 
principally to making what are termed lace rolls, a speciality 
requiring rolls of extreme fineness of surface, as they are 
used for rolling out the gold wire for making bullion lace. 
The works have since then grown to an immense extent, and 
articles of a much greater variety are now produced, among 
which are specially tyres, axles, springs, plates, guns, shafts for 
steamships, rails, rolls, «с. They employ at the present time 
about 10,000 men, and occupy in workshops and ада discs, 
&c., nearly 500 acres of ground, of which over 50 acres are under 
roof. The dimensions of the “centre shop" are 259 feet long, 
72 feet broad, and 90 feet high. This shop is furnished with 
a crane capable of lifting 80 tons. There aro about 20. 
miles of railway, on which four locomotives and 150 wagons are 
in daily use, bringing in the raw material and carrying away the 
finished products. is 1865, in the steel works alone, and ex- 
clusive of the blast furnaces and coal mines, there were employed 
8,200 men. There were in operation in the same year 400 
smelting, heating, and puddling furnaces. 160 steam engines, 
varying from four to 1,000 horse-power, in the aggregate 5,863 
borse-power; 42 steam hammers from one to 50 tons weight, 
110 smithies, and over 686 turning and other machines. There 
is in course of erection a 125-ton steam hammer; depth of foun- 
dation 90 feet; weight of bed-plate, 500 tons in one casting; 
its estimated cost, with appurtenances, is £175,000. The con- 
sumption of coal in 1865 was over 1,000 tons, water 200,000 
cubie feet; and gas (8,L00 burners), 280,000 cubic feet. The 
products are sent to all parts of the world, and, last year, ex- 
ceeded 50,000 tons. The special work now going on at Essen 
is tyres and axles for railway use; andthere is hardly a linc in 
the whole world where these tyres are not running and their 
ва durability and consequent economy experienced. This 

as been evidenced recently by a set of five feet tyres running on 
the Great North of Scotland Railway, under a 28-ton engine, over 
109,000 miles, without being tooled since they came from the 
makers’ shops. ‘This is considerably more than the whole life 
of best iron tyres. These steel tyres are made without a weld, 
and by a method which insures that the steel is thoroughly well 
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worked under the hammers. The wheels of the class exhibited 
at Dublin were cast in one piece, and are becoming very exten- 
sively used under wagons. These works have also turned out 
some very large ship's intermediate and cranked shafts for ses- 

oing steamers, which are exclusively used by the steamers 
ра Bremen and Hamburg for America, Ше Austrian Lloyds, 
and other continental companies, while they are also fitted in the 
City of Dublin steamers, Connaught, Leinster, and Munster, 
running between Dublin and Holyhead, and also in some of the 
Royal Frail Steam Company’s vessels. 

The gun department at Essen is very extensive, and embraces 
nearly a fourth of the establishment. The guns are made of all 
sizes, for field, naval, and heavy battery purposes; both muzzle 
and breech loaders. Two of the latter were shown in the 
machinery department of the Dublin Exhibition last year, one a 
nine-pounder field gun and the other а 110-pounder ships’ gun. 
The Rela gun was rifled upon the French system, and the 110- 
pounder upon the Armstrong multigroove principle. The breech 
of these guns was closed by a system that was first submitted to 
the Ordnance Select Committee in May, 1860, and may be 
briefly described as follows :—The bore of the gun runs through 
the whole of the piece, and through the breech end; and at 
right angles to the bore is cut a slot, slightly tapered, and into 
thisis fitted а wedge or valve, which is used for closing the 
breech when firing the gun. One of the chief difficulties to 
overcome in breech-loading guns is to pers the escape of gas 
at the breech upon the discharge, and this was overcome by Mr. 
Krupp in two ways—first by means ofa cup of steel, or copper, 
or even cardboard, that was inserted into the bore of the guns 
after the charge, or was attached to the end of the powder bag: 
This cup, when the explosion took place, was expanded by the 
pressure, and completely filled out the bore of the gun, upon 
the same principle as the steam packing rings in pistons. 
This, however, involved the withdrawal of the cup each time the 

was charged, and therefore a second plan was proposed. 
To tho face of the valve was turned a circular recess, corres- 
ponding exactly with the bore of the gun, and into this recess 
was fitted an angle ring, one face of which, when the valve was 
in its расе. was іп contact with the breech and the other face in 
contact with the side of the circular recess; so that when the 
gun was discharged, the gas entered the circular recess, 
and forced the two faces of the angle ring tight up against 
the breech and the side of the recess, and свет рге- 
vented the gas from escaping. The valve is kept in its 
place by a locking apparatus. This system has been very 
severely tested at Woolwich with perfect success, and has also 
been submitted toand adopted by continental governments, more. 
particularly Russia. Guns up to lóinch diameter of bore are 
made at Essen in very large quantities, but it would occupy too 
much space to enter into all the details of the experiments that 
have been carried on. Sir William Armstrong and Company 
are now lining a great many guns with tubes made by Mr. Krupp. 
The Prussians generally attribute to those guns their signal 
successes over the Austrians in the late war, particularly in the 
decisive battle of Sadowa. The ponderous masses that have to 
be handled at Essen have rendered it necessary that the dimen- 
sions of the tools should be proportionately inereased, and, in- 
deed, this has now become essential, from the large ingots that 
are being daily cast. A short time since an ingot of 45 tons 
weight was cast, to form the material portion of a 15-inch ; 
and to properly forge this even the 50-ton hammer is considered 
too small, as it entails much longer time, and causes the a 
to be too often heated for profitable working. There is but 
little doubt that the stecl-makers of this anny are greatly 
indebted to Mr. Krupp for the energy he has devoted to the 
manufacture of steel, and its application to tho variety of 
purposes. Steel is now entirely superseding the use of wrought 
iron in those parts of machinery where Бен toughness, elasticity, 
and durability of wear is required. There is hardly a locomotive 
used which is not running on steel tyres, and the introduction 
of steel rails is becoming daily of more consequence. The steel 
roduced at Essen is all melted in plumbago crueibles, and 
ormed into the ordinary ingot moulds. this process employing a 
large number of men. For the large ingots of 30 and 40 tons 
and upwards, from 1,000 to 1,300 men are employed at one 
time, occupying in the casting from eight to twelve minutes. 
The whole of the work, of whatever shape, that is turned out at 
Essen is made from these ingots, which are heated and forged 
until the desired density and form is attained. 
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THE RAILWAY SYSTEM OF GERMANY.* 93 feet opening has two arches one above the other, and on either 
side of it rise four rows of arches decreasing to one row at the 
By Rosser Cmawronp. ends. These additional arches are for the purpose of strength- 

ening and supporting the piers, which carry the upper or main. 


(Concluded from page 339.) arches. АП those in the upper tier are semicircular in form, as 


Раватне on to the next point for consideration, that of earth- із also ще lower arch of the central span, while the others аге 
works, it appears to be a general, although not а universal, plan, segmental. я | 
in the case of all main едра гере the earthworks and here is also another fine viaduct over the Elscr Valley, on 
masonry for a double way from be first, but not to lay the the same railway. It is formed of six semicircular arches of 93 
second line of rails, until fhe success of the undertaking makes feet span in tho clear, three openings of 20 feet, and one of 15 
itself apparent, and the requirements of the traffic demand the feet. Two of the lesser openings have four tiers of arches in 
additional way. Some of the heaviest earthworks executed have height, and occur on both sides of the arch which spans the 
been :—An embankment on the Southern State Railway of deepest part of the valley. Two of the 93 feet widths are 
Bavaria, from Augsburg to Lindau, its greatest height being 172 strengthened by a lower row of scmicircular arches, and two 
feet, width at formation 33} feet, and length 1,675 feet, requiring others by means of connecting walls. This viaduct is, at its 
upwards of 2,900,000 cubic yards of material to make it up. On greatest height, 223 feet above the stream, and is 914 feet long. 

e same line also occur embankments of great importance, two The Neisse Viaduct on the branch railway from Kohlfurth to 
of which are respectively 84 feet and 72 feet high. On the Górlitz, in Prussia, consists of one row of semicircular arches, 
railway from Даже to Ulm, there is a cutting 2,390 feet long thirty in number, of which three spans have a clear width of 73 * 
and reaching to a depth of 90 feet ; also an embankment 53 feet feet 1 inch, three of 61 feet 9 inches, five of 41 feet 2 inches, and 
high, and 5,755 feet in length. Between Elberfield and Dort. eighteen of 30 feet 104 inches. Its greatest height is 123 feet 
mund occurs an excavation 86 feet deep, and upwards of 14 mile above low water, and its length, inclusive of abutments, 1,552 
long; and on the same line there is an emb: ent 120 feet in feet. This viaduct carries a double line of railway, and occupied 
height, with a length of 1,600 feet. Embankments from 75 feet about three years and a half in its construction, having been 
to 130 feet high are to be found on the Westphalian railways. begun during the spring of 1844, and finished in the autumn 
On the Bavarian State line, from Bamberg to Aschaffenburg, of 1847. The masonry composing it amounted to 1,173,200 
there is an embankment 100 feet in height at the highest point, cubic feet. | г 
and 1,743 feet long; besides two cuttings measuring in depts The result of a serics of experiments, for the purpose of ascer- 
the one 84 feet, and the other 7] feet, their respective lengths taining the best description of concrete to be placed round the 


being 3,254 feet and 2,297 feet. foundations of the river piers, gave the proportions most suitable 
With regard to tunnels, the first executed in Germany was for yielding & quick setting, hard concrete, at 

one 1,678 feet long, on the Leipzig and Dresden Railway. 22 per cent. of cement 

Besides the summit tunnel, 4,695 fret in length, on the Semmer- 22 „ » Of sand 

ing Railway, already mentioned, there are many others worthy 56 „ ., of small broken stone (2 inches diameter) 

of notice, among which some of the most important are :— PEDES, 

А Tunnel 5,369 feet long at Konigsdorf between Cologne and the Belgian 100 


frontier. — 
» 4,419 , , Heiligenberg between Ludwigshafen and А stone bridge over the Elbe, on the Junction Railway, at 
Bexbach. — . Dresden, is ot acd of notice. It consists of twelve basket: 
» 3,600, опе Saarbruck, Trier and Luzemberg Railway. handle arches of 93 feet span each. The width of the roadway 
» 3,235 , » Railway from Gerstungen to Carlehafen. ів 50 feet, one half of which is spilled to the purposes of an 
and a tunnel 3,087 feet long through the Schwarzkopf between ordinary road, and the other half to those of the railway. Its 
Bamberg and Aschaffenburg. height 1в 37 feet above the river at summer level. One approach 
This brings the subject to one of the most interesting of its to this bridge is formed by a viaduct of forty-four arches of 
sub-divisions, that of viaducts and bridges, which it is proposed lesser span. 
to treat under two separate headings,—First, Bridges composed A bridge over the Roeder, on the railway from Dresden to 
altogether of masonry, and, secondly, Iron Bridges. There are Görlitz, consists of one arch 148 feet 8 inches wide. 
instances of large timber bridges such as those over the branches As a sample of an ordinary river bridge of handsome, although 
of the Danube, at Vienna, on the “ Emperor Ferdinand’s not very extensive, proportions, may be mentioned that over the 
Northern Railway,” and that over the Elbe, at Magdeburg, Neckar, on the railway from Frankfort-on-Maine to Heidelberg. 
whose superstructure only is of wood; but as these are cases of It is divided into seven equal spans of 88 fect 7 inches each, and 
works executed in past years, and it being now laid down аз а carries a double line of permanent way at about 35 feet above 
maxim by German Engineers, that timber is not to be used in the ordinary water level. Its building occupied from 1844 to 
railway bridges, it becomes unnecessary to devote s tothe 1848. The form of the arch is segmental, with a versed sine 
consideration of such works. То explain more fully these somo- equal to one-eighth of the span. The thickness of the piers at the 
what rar ward remarks, it may be well to introduce here, the springing is 10 feet 4 inches, or between one-eighth and one-ninth 
views of the Associated Railway Directors on bridge building, of the span. That of the abutments is 39 feet 4 inches. The 
as expressed in their code of rules. These аге--І. For bridges, width of the bridge between the outside faces of the masonry is 
arches of stone, or good bricks, are preferable to every other 31 feet 6 inches, and the depth of the key-stone is 3 feet 11} 
deseription of structure, except in cases which require ve inches (1:2 metre). Comparing this latter quantity with the 
oblique bridges. II. Timber bridges are inadmissible. ТІ. results to be derived from the different rules of eminent French 
When iron bridges are made use of, the portion of the super- authorities on bridge building, it appears that the dopth of the 
structure which sustains the roadway shall consist of either key in the case of the Neckar bridge is somewhat over the 
wrought, or rolled iron. Thus cast-iron bridges, as well as . minimum thickness асыры both by Desjardin’s formula and 
timber ones, are removed from the field of investigation. The by that of Gauthey. On the other hand, it is so out of propor- 
former by negation, and the latter by direct condemnation. tion with the huge thickness obtained from the шей ad f 
Germany abounds in fine examples of stone viaducts and > Perronet, as to prove the total unfitness of this system for cal- 
bridges of imposing dimensions and extent. It wil besufficient culating cases similar to the one in question. Thus— 
to adduce в few instances in addition to those already casually By Desjardin's formula for an are of a circle = 40°, . 
noticed, as occurring on the Semmering Railway. At the head Е-0:02” + 0:30 metre, 
of these eee а теспе үлі the Goeltzsch Valley, on the where E = the thickness of the key, and r = the radius of cur- 
railway from Leipzig to Hof. It consists of one central span of — vature of the intrados in metres, which in the present instance is 


93 feet, twenty-three spans of 46 feet in the clear, four spans of tima z : : : 
39 feet, and two врапв of 21 feet, опе on each side of the largo ар Roly Mme lrei Supplying tig: value; the expression 


span through what may be called the abutment piers. Its E = 0:09 x 42 + 0:30 metre = 1° 3 
grestest height is 255 feet, and extreme length 1,882 feet. The By Gauth eid suis: for ud of 16-3 - die Biete 
1 
е Read before the Institution of Civil Engineers, рев 
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where D = the depth of the key, and 8 the span in metres, and 
5 being 27 metres, 


D == 1:125 metre; 
whereas in testing the matter by the method of Perronet it stands 
1 1 
Е< а? +0 325 metre -- пар: 


in which Е = the depth of the key, D = tho span, in the case 
of semicircular arches, but in segmental or elliptical ones, D = 
double the radius of the intrados at the crown. Reducing this 
equation to a simpler form, it becomes 


Е = тар + 0:325 metre 
and supplying for D its value, 84 metres, 
E = їд х 84 + 0: 325 metre = 8: 241 metres 


„от nearly three times as great as the thickness required by 
Gauthey's rule. 
By comparing the practical example with the three calculated 
results, the following is obtained :— 


metre, 
The Neckar bridge, as actually built, has а depth of key = 1 200 
Ditto, according to Desjardin’s formula, requires ditto — 1:140 
Ditto, ditto, Gauthey's ditto, ditto . . . = 1125 
Ditto, ditto, Perronet’s ditto, ditto . . = 8:241 

In the саве of wrought-iron bridges the arrangement most 
usually adopted, when the spans are wide, is that of a lattice 
construction, in some one of its various modifications. 

One of the earliest examples of importance is that of the 
bridge over the river Kinzig, at Offenburg, on the Baden State 
Railway. It is built for a double line of railway, with two pro- 
jectipg foot-paths on the outside, and consists of three main 
girders, one on each side, and one in the centre between the 
ways. There is but one span, its width being 206 fect 8 inches 
in the clear. The depth of the girders is 20 feet 7 inches, and 
they rest 13 feet 3 inches on each abutment. The top and 
bottom cross sectional areas of all three pude are the same, con- 
sisting of three thicknesses of iron laid one over the other, and 
forming together a plate 14; inch thick and 13 inches wide; in ad- 
dition to which there are four angle irons 4} inches by 42 inches by 
} inch to 34 inch thick, and one vertical bar, 5% inches by i$ 
inch, on the outside, running along the centre of the horizon 
plates which form the top ізі bottom portions of the girder, to 
which it is attached by two of the angle irons, the other two 
serving to join the flanges to the bars which form the central 
web. This latter is composed of lattice-work, which in the case 
of the two outside girders, is formed with two sets of bars, 41 
inches by 23 inch, crossing each other at right angles, and in- 
clined to the top and bottom at an angle of 45°, the distances of 
the crossings apart being 1 foot 522. inches between the centres 
of the rivets measured along the bars. The central rib of the 
middle girder, between the ways, is stronger than that of the 
outside ones, inasmuch as it consists of three sets of bars, two of 
which are § inch thick and 145 inch, all having the same 
width as the other lattice bars. Along the whole length of each 
central rib there are two horizontal rows, formed of double rails 
of the bridge pattern, one on the inside and the other on the out- 
side, and riveted to the lattice work. These rows occur at 
distances of 3 feet 112 inches and 7 feet 23 inches respectivel 
below the top and above the bottom of the girders. © road- 
way inside and the projecting foot-paths are supported by trans- 
verse trusses, at intervals of 6 feet 3 inches apart, formed of 
ordinary flat-based rails, and the entire bridge is connected above 
and below by а system of cross and diagonal braces. The 
clear width between the outside and the central girders is 12 feet 
8 inches. The abutments are surmounted by handsome ashlar 
portals in red sandstone. The weight of cast-iron in the bed 
рим із 23 tons, and of wrought-iron about 322 tons, distributed 
thus :— 


Weight of central girder . . = about 92 Tons. 
Ditto, two side girders (together) . + 148 ,, 
Ditto, cross girders and lower braces A 5. 
Ditto, upper connecting bars . o 7%. 20s 
Ditto, handrail for footpaths . : Бая ды T5 


Total wrought iron in bridge „ 322 Tons. 
From this short description it appears, that the arrangement of 
the material is not a judicious oue, considering the nature of 
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the strains arising from the weight of the bridge itself and 
any superimposed load, віпсе,-І. the dimensions of the iron- 
work are uniform throughout the length of the врап.-П. 
Although a stronger lattice construction is adopted in the case 
of the central girder, still its top and bottom sections are of 
similar dimensions to the outside ones; and III. the cross 
sectional area of the iron has not been properly proporhoned 
to its different powers to resist compression and extension, 
where these forces act. 

Passing on from the consideration of the first of these under- 
takings on an extensive scale, the largest work of the kind yet 
executed in Germany naturally presents itself. This is the bri 
on the Eastern Railway of Prussia, over the river Vistula, at 
Dirsehau, consisting of six spans, each 397 feet 5% inches in 
the clear. The depth of the girders is 28 feet 94 inches, and 
the beep of their underside, above tho ordinary water level, is 
34 feet. 

The arrangement is for a single line of railway, but the width 
is 20 feet 74 inches in the clear, and the rails are laid along the 
centre, so that sufficient space is left on each side for ordinary 
traffic, to which the bridge is open except on the approach of 
trains. In addition to this, pathways for foot-passengers are 
suspended on cantilevers on both sides. The iron work of each 
two spans is distinct in itself, being fixed on the pier at its 
centre, and moving on rollers at both ends. The system on 
which the iron work is constructed is that of two girders, one 
on either side of the roadway, held together above and below 
by a series of diagonal and transverse braces, in both the ver- 
tical and the horizontal planes. The girder top consists of four 
horizontal tiers of boiler-plate 2 fect 6,2; inches wide, placed one 
above the other, at distances of 2 feet apart, and made fast to а 
central vertical web, by means of angle irons; and similar angle 
irons are rivetted below each of these horizontal plates along 
their outside edges. The bottom section consists of au ordinary 
boiler-plate girder 4 feet 15, inch deep, with two flanges 4 feet 
6 inches wide; the bottom of which has two thicknesses of plates 
and angle irons along the outside edges, while the top consists 
of a single plate. The solid top and bottom sections of the 
girders are connected by means of a lattice frame, consisting of 
two rows of bars inclined at 45° to the horizontal, and crossing 
each other at right angles, at distances of 1 foot 6} inches 
between the rivets, measured along the bars. This is again 
strengthened by double angle irons 6} inches by 4} inches, and 
1} inch by 4 inch thick respectively, arranged vertically, one 
inside and the other outside, and rivetted to the lattice at hori- 
zontal distances of 6 feet 24 inches apart. At these points also 
are attached the cross-girders of lattice construction, which 
support the roadway at a height of 6 feet 2} inches above the 
underside of bridge. The thickness of the boiler plates in the 
top and bottom sections is about. inch at the centre of the 
span. The lattice bars vary from a width of 4} inches at the 
centre to 53 inches at the sides, and À inch thick at the centre of 
the span, increasing to 4 inch at the moveable end, which rests 
on rollers, and tol inch on the piers where the girders are 
fixed. Over all bearings the vertical angle irons are only half 
the normal distance apart, and the ends of the girders are further 
stiffened by solid plates. At the bearings furnished with rollers 
—that is to say, both abutments and piers Nos. 2 and 4—the 
breadth and depth of the top and the bottom sections of the 
girders remain the same as at the centre of openings; whereas 
in the case of piers Nos. 1, 3, and 5, where the bearings rest 
immovably, the top is increased to 4 feet 4 inches in width, and 
all its horizontal plates are laid in double thicknesses of iron, 
while the bottom section, although retaining its regular width, 


` is strengthened by doubling its depth by means of two corbels 


attached to the lower flange, the furthest of which projects about 
40 feet from the face of the masonry and the other 8 feet6 
inches. The whole of the material in the superstructure was 
carefully proportioned to the nature of the strains to which it 
would Бе exposed. The foundations for the piers were prepared 
by driving a number of bearing piles into the sand, at the rate of 
one to every 184 square feet. й е whole space was enclosed by 
a row of sheet-piling timbers 12 inches square, driven close 
together and reaching toa height of upwards of 10 feet above the 
tops of the bearing-piles. The area thus formed, being filled up 
level with the tops of the surrounding piles with concrete, fur- 
nished a bed of 10 feet in thickness on whieh the masonry rests. 
The foundations of the abutments were treated somewhat simi- 
larly to those of the piers, but they are not во deep. 
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The projections of the piers both np and down stream present 
sharp vertical arrises, or nearly во, from the water edge to the 
underside of the roadway. e facework masonry consists 
principally of basalt, with a small proponia of granite ashlar 
up to above ordinary water level. Above this hard sandstone ia 
used, but only in the body of the piers. In the cutwaters the 
basalt masonry is continued for their full height. The blocks 
immediately under the ends of the girders are also of basalt. 
The backing and filling-in is formed of hard burned bricks, and 
partly with ashlar, where greater strength is required, the whole 

ing laid іп hydraulic mortar. The piers are 32 feet 11 inches 
wide at the underside of the girders, and 82 fect long in the 
direction of the stream. On each of the piers rise two circular 
towers, one on either side of the roadway, whose battlements 
teach to nearly 43 feet above the top of the girders. The abut- 
ments are surmounted by massive rectangular towers and a 
handsome connecting portal. The towers are all built with 
yellowish-white bricks, ornamented glazed ones, of a purple 
colour, being used in some of the mouldings. The copings and 
principal dressings are of gray sandstone. 

The general effect produced by this bridge, when seen from a 
distance, is very fine. The great depth of the girders reduced 
to some extent, however, the impression which would otherwise 
arise from the magnitude of the spans, apparently diminishing 
them to much within their real limits. 

There is one point in which the Author thinks the ornamenting 
of this beautiful bridge is deficient. That is the crowded state 
of the relief over the pointed arch of the Dirschau portal, in 
which the fieldis far too small for the subject, and the upper mould- 
ing is brought down so close to tho head of the principe. figure, 
аз to give the appearance of the design having been originally 
intended for a toriy different position to the one it now occupies. 

About 10 miles nearer to Königsburg than Dirschau, and also 
on the Eastern Railway of Prussia, occurs the Marienburg 
Bridge, over the Nogat, which is in reality another arm of the 
river Vistula. The bridge consists of two spans of 321 feet at 
inches each, and two scgmental arches in masonry of 53 feet 6 
inches in width, ono at either end of the bridge. The roadwa 
ie for a single way, with a footpath on both sides, and is arrange 
for ordinar traffic similarly to the Dirschau Bridge. The dis- 
tribution of the iron in the superstructure is, howcver, altogether 
different. The Nogat Bridge may be described as a compound, 
the whole forming one girder, or tube, about 25 feet in depth, of 
which the top and bottom are composed of ordinary boiler plates, 
and the sides of lattice-work, зе еи іп principle to that already 
described. The cross girders which support the rails are of 
lattice-work 243 inches in depth, and are placed at distances of 
6 feet 24 inches apart. At these same intervals, attached to the 
upper portion of the vertical | irons, within 6 inches of the to 
plates, are transverse bars, something in form like the letter Z, 
stretching from the lattice on one side of the roadway to that on 
the other. These ribs, as well as the keelsons below, are more 
securely made fast to the vertical rods by gusset pieces, which 
tend to stiffen the bridge laterally. In the space, 6 inches thus 
left between the eross ties and the covering plates, six iron bars, 
also Z shaped, run longitudinally for the whole length of the 
girder, giving the top the appearance of a cellular form of con- 
struction in cross section. 

As regards the nature of the foundations and the character of 
the masonry, they are similar to those at Dirschau. The towers 
on the central pier are, however, rectangular in form, instead of 
round as in the latter case. 

Both bridges have arrangements for mounting cannon, and 
other military precautions, at their ends. 

The next example sclected is that of the bridge oyer the Rhine 
at Cologne. It consists of four river spans each 32244, feet in 
the olear, and two equal land openings of 64 fect 10% inches in 
width over the wharf and street on the left bank of the river. 
Two distinct bridges, one 24 feet 84 inches in the clear, carrying 
a double line of railway, and the other, 27 feet 94 inches inside 
width, for the purposes of ordinary traffic, are placed parallel to 
each other, and close together on the same piers; that on the 
down stream side being used by the railway. The depth of the 
girders for the four large spans is 27 feet 94 inches, and they 
are formed in two separate lengths each extending across 
two openings. The clear height above low water is 50 feet. 

The railway bridge is formed of lattice girders, double on each 
side. The cross section of the top of one side is that of two T’s, 
placed one after the other, and close together, thus TT, and the 
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bottom has a similar form, but reversed. The lattice frames 
which connect them are 2 feet apart, and are tied together and 
stiffened by diagonal braces, placed vertically at every 5 feet 12 
inch. At the same intervals there are vertical angle irons, to 
strengthen the lattice, and keelsons to carry the roadway. 
Transverse angle irons and diagonal bars above are attached at 
every second one of these points. The lattice bars cross each 
other at distances of 2 fect 61 inches apart measured diagonally. 
They are about 929 inches by 4 inch at the centre of spans, 
increasing to 42; inches by |: inch, the ends resting on rollers, 
and to 52; inches by lẹ inch at the fixed bearings. 

The principle of construction of the bridge for ordinary traffic 
is similar to that of the railway, with the exception that the top 
and bottom sections are in shape that оҒа single Т, and the sides 
consist of a single lattice instead of double frames. Every second 
vertical rod is also composed of two angle irons, instead of one, 
laid together so as somewhat to resemble the letter Е. The 
total weight of iron in both bridges is about 4,600 tons. 

The foundations were formed of concrete, laid on the solid 
natural bed of gravel, which approaches close to the surface in 
the neighbourhood of Cologne. The ashlar masonry consists of 
basalt and sandstone, the former being used in the facework и 
to the underside of the girders, and where the greatest steal 
is required. The piers terminate in sharp upright cutwaters ; 
their form on the down stream side being similar to the upper. 
Their thickness is 20 feet 7 inches at tho level of the Баден: 
The ornamental portion of the design only includes towers, 
which are rectangular in shape, on the centre pier, and on both 
abutments. The approach to the bridge from the Central Rail- 
way Station in Cologne is effected by means of a viaduct of 
т arches, in brickwork, upon a sharp curve, whose 
radius, as already mentioned, is 618 fect. 

The next case to be alluded to is that of the bridge across the 
Rhine, at Kehl, close to Strasburg. In cross section this bridge 
is somewhat similar to the Kinzig one, comprising two lines of 
rails with a lattice girder on either side and one in the middle, 


, all connected together, and two footpaths supported on the out- 


sides. The main portion of the bridge is that to which the lattice 
system is applied, and consists of three spans of 184 feet 8} 
inches cach. In addition to this there are two awing bridges of 
210 feet in diameter, with solid wrought-iron plate sides, and 
орешир a clear width of 85 feet 3 inches on each side of the river 
for military purposes rather than those of navigation. The depth 
of the girders for the three principal spans is 19 feet 10} inches, 
and the clear roadway in md case is 13 feet 9 inches. The lattice 
bars aro inclined at an angle of 45? to the horizontal, and form a 
net work, the open spaces of which measure about 8 feet diag- 
onally. They are secured at their crossings by two rivets. The 
top and bottom sections of all three girders are in form that of 
the letter Т; but they, as well as all other parts, are carefully 
arranged, so as to insure uniform strength for the bridge through- 
out, in proportion to the effect produced upon it by à load: 
keelsons occur at intervals of 3), feet, and are in direct contact¢ 
with the rails, which are riveted tothem. The lattice work is 
stiffened by vertical angle irons, fixed double on both sides, at 
distances of 9 feet 61 inches. The iron work in the whole of the 
three openings is in one length, and is tied together above and 
below by a system of transverse and diagonal rods. The entire 
x o of the wrought-iron in the superstruction is 984 tons, or 
at the rate of 328 tons per span of 184 feet 82 inches for a double 
line of railway. All the piers are surmounted by handsome 
Gothic ornamental work in cast-iron. Great difficulty was ex- 
perienced with the foundations of the bridge, owing to the nature 
of the stratum of shifting sand which underlies the bed of the 
river atthis point. They were eventually sunk to a depth of 
about 66 feet below the lowest water, by means of wrought-iron 
cylinders, in which the masonry was built and undermined ; the 
method adopted being that of compressed air. The operation of 
sinking the foundations progressed at the rate of about 20 inches 
per day of twenty-four hours. 

In addition to these two bridges there is another now in process 
of erection over the Rhine, at Mayence, which is expected to be 
completed during the present year. It consists of the following 


spans :— Feet, In. 
4 River openings of 331 feet 84 inches each . — 1,525 94 
6 Flood  ,, 109 , 11 и = 659 6 
2 y» ” » 0 ” = 1640 
20 4, x 49 , 23 на = 984 2 
32 spans іп all, yielding a clear waterway ой . 3,134 54 
lineal measure, 
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The total distance between the abutments is 3,3724 feet, and 
the heights of the underside of the girders above low water is to 
be 454 feet. The foundations are, like those of the Cologne 
Bridge, formed of concrete. The face masonry consists of red 
sandstone and ashlar, formed from the ite boulders found in 
the neighbourhood. The ironwork in the superstructure, which 
is for a single way, is very similarly arranged to that in the 
Saltash Bridge, modified in some particulars as to the cross 
section, and the form in which the material is applied, according 
to what is known in Germany as the system 0: fessor Pauli, 
of Munich, which gives a rectangular top to the beam instead of 
an oval опе. Asa good example of Herr Pauli's system may be 
mentioned the bridge over the Isar, at Grosshesselohe, on the 
railway from Munich to Salzburg. It has four spans,—two of 
1914 feet, and two of 961 feet, at a height of 1014 feet above low 
water. The Eastern Railway of Bavaria has also some fine lattice 
bridges, such as that over the Danube at Regensburg, having 
five river spans of 153 feet 24 inches each, with iron super- 
structure for single way, and fiftcen flood openings of segmental 
arches in masonry each 47 feet 10} inches wide, of which three 
are on the left and twelve on the right bank of the river. The 
height of the underside of the girders is about 33 fect above low 
water. The bridge was finished in 1859, and the weight of the 
ironwork in the five openings is 563 tons, or 1128 tons per span, 
On the same railway, at the town of Passau, there is a bridge 
over the river Inn, with one span of 296 feet 10 inches measured 
on the skew, the angle between the axis of the railway and the 
direction of the stream being 71°; adjoining this opening there 
are six stone arches, five of 47 feet in width on the left bank of 
the river, and one of 38 feet 3} inches on the right. The level of 
the rails is about 46 feet above low water, and Ше weight of iron 
in the bridge is 347 tons, for a single line of rails. 

These few examples are sufficient for the purpose of illustrat- 
ing the progress made in Germany in the construction of iron 
bridges on a large scale, and complete this portion of the subject 
under consideration. 

Directing attention to the next branch, that of the permanent 
way, it appears that about seven-eighths of the rails in use are 
of the broad base or contractors’ pattern; tho remaining опе- 
eighth being composed cheifly of chair rails, with a small propor- 
tion of the Bdge chaped ones. Fishplates, made fast with four 
screw-bolts, are now almost universally adopted, for connecting 
the ends of the rails, and the joints are always supported by a 
sleeper, generally 12 inches by 6 inches, a wrought-iron chair- 
plate being interposed between the rail andthe timber. The 
modern English system, of leaving the joint free without any 
sleeper under it, hitherto met with but little favour from 
German engineers. A trial of this arrangement has, however, 
lately been made, on a short length of the railway from Frank- 
fort-on-Maine to Heidelberg. and the result has been so satis- 
factory, that it is intended to lay the entire permanent way of the 

new line about to be constructed from Gustavsburg (opposite 
Mayence) to Frankfort, on this plan. 

ith regard to the size of rails, the rule laid down is that 
they shall not be less than 4} inches in height by 2} inches in 
width of head, and that their surface shall be eurved to a radius 
of from 5inches to 7 inches. The general weight of rails now 
adopted varies from about 66 lbs. to 76 Ibs. per yard, both these 
limits being passed in a higher and lower direction according to 
local requirements. 

The following Table of the dimensions and weights of some 
of the principal broad base, or contractors', rails in use on various 
lines will afford interesting information on the subject :— 


Weight|Width| Width Thickness| Height 
of of of Сеп. о 


ет 

ard, | Head.| Base. | ка Web] Rail. 

lbs. finches./ inches.| inch. j|inches, 
Dortmund and Soesto Railway. 66: 21 | 3:86 | 076 | 4:66 
Louise of Hesse ditto . . . .| 68:26 4 386 | 065 | 4-70 
Franktort-on-Maino to Cassel ditto | 70: 2 3°95 | 0°65 | 5:00 
Ditto to Heidelberg ditto . . .|70- | 24 | $95 | 065 | 5-00 
Vienna to Salzburg ditto . .| 7068 ot 420 | 0:60 | 4:90 
Frankfort-on- Maineto Wiesbaden до. | 72:57 21 4 0-70 | 4-93 
Hanoverian State Railways. 72: 23 | € 0°75 | 460 
Bavarian ditto ditto за 73:981 24 | 396 | 075 | 4-65 
Prussian ditto ditto . . . . . |7475 2 4 0:55 | 615 
Baden ditto ditto . . . . . „|7593| 2 4°40 | 080 | 4:70 
Semmering ditto ditto . . . .| 76-686 | 24 | 454 0-90 | 4:54 
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^ The almost universal system of supports is that of cross- 
sleepers. They are generally of oak, when it can be procured 
ata reasonable price. Different descriptions of larch and fir are 
often used, after being prepared by some chemical process to 
resist the tendency to decay. Various are the means adopted 
for this purpose, but the one which is now most favoarably 
received is that of forcing a solution of sulphate of copper 
through the pores of the timber to be prepared. The most 
simple arrangement for ing out this method is a tank 
erected on a wooden frame m 30 feet high, into which the 
solution is pumped from the tub in which it is mixed below. 
From the tank a main distributing-pipe descends, until reaching 
within a couple of feet of the pec when it diverges into two 
horizontal branches, with a series of small feeders about every 
8 feet at right angles to the mains, and 10 inches or 12 inches 
long. On these are tied flexible gutta-percha tubes 6 feet in 
length, furnished at the ends with brass nozzles, and having 
screw clamps attached to them, by which the supply can be cut 
off from each separate feeder, without interfering with the others. 
The timber to prepared must be round, with the bark on, 
generally in lengths of, say, two sleepers. It is laid horizontally, 
on a rough supporting frame, and sawed across the middle, through 
about nine-tenths of its thickness. А wedge is then carefully 
driven under the middle of the stem to raise it up from the 
frame. This opens the saw-cut above, and admits of its being 
caulked round the outside edge with oakum. Тһе ж 

is next removed, and the cut closes up to в certain extent on the 
caulking, leaving а vacant space inside between its two faces. 
Into this a slanting hole is bored from above, and the nose of the. 
flexible tube inserted. The clamping-screw is then loosened, 
and the solution allowed to flow into the centre of the tree, and 
acting by the hydraulic pressure from the high-level tank, it 
makes its way through the pores, forcing the sap out before it. 
When the wood has become thoroughly saturated, it is ascer- 
tained by applying litmus paper to the end of the stem. The 
clamping-screw is then е fast and the piece of timber re- 
moved, to make way for another. The most advantageous 
number of stems to prepare at the same time with one apparatus 
is about fifty, a similar number being always ready to supply 
vacancies as they occur. For success with this method, it 18 
necessary that the timber should be cut down when the sap is 
in it, and prepared while green, as otherwise it occupies too 
much time. so, that the bark should be whole, to prevent 
leakage, and that the stems should be in duplicate lengths, 80 as 
to admit of their being m from the centre. The ave 
time of preparing a log 18 feet or 20 feet long, under favourable 
circumstances, is about twenty-four hours. / 

Square stone blocks are used to в considerable extent, as 
supports for the rails on the Taunus Railway, but this is only on 
the old permanent way, as they are not е use of on the new 
line of rails now being laid down by this Company. 

In noticing ballast on German railways, there is a system fre- 
quently to be met with which can scarcely be passed over with- 
out comment: that is the filling up of the space outside the 
ballast to the level of the top of the sleepers with common earth, 
drains being cut through it at intervals, from the ballast to the 
outside slope, and filled up with broken stone. These drains, 
although at first answering tollerably well the ра в for 
which they are intended, after awhile become cho with the 
mud which is washed into them by heavy rains, and the free 
escape of water from the ballast is prevented. Add to this the 
mixing of the earth with the ballast, which is almost inevitable 
during repairs, and it becomes evident that the system has great 
drawbacks. 

The stations on German railways are, ав а rule, large and com- 
modious, and in many cases display much architectural taste. 
They are prey close together. 

The frequent absence of any пере of fencing is also a 
marked feature on many German railways, the necessity for 
such a protection being done away with, inasmuch as cattle, 
except in some districts, are never allowed to stray at large 
without being attended by a herdsman. is latter arrange- 
ment is rendered imperative by the minute subdivision of land, 
which prevents the practicability of enclosing each separate 
property. 5 

е quantity and description of rolling stock in use оп differ- 
ent railways in northern and southern Germany varies greatly. 
The passenger carriages have princi six wheeles, but there 
are many lines on which four-wheeled vehicles are adopted. On 
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the Würtemburg State Railways, the long eight-wheeled 
carriages on the American system ате іп use. As nearly as can 
be estimated, the quantity of rolling stock at the close of the year 
1861 stood thus :— 
Locomotive Engines . . . . . 
Passenger Carriages (averaging 41:81 seats each) , 04807 
Goods ditto (average load 691 toms) . . . . , 7'040 
Before any engine is permitted to be used, its boiler must be 
tested with hydraulic pressure to at least once and a half the 
maximum steam pressure which it is intended to sustain, and a 
similar test must be applied after the engine has run 46,109 
miles, and subsequently repeated every time an additional 36,887 
miles has been made, or whenever important repairs are required, 
should this be sooner. In no case, however, must the intervals 
between such testings exceed three years. On all such occasions 
the weighting of the safety-valves is also proved. 
With regard to the proper proportion of breaks to any train, 
the rule laid down fixes the minimum number according to 
the following scale :— 


. per English mile 0414 


For Passenger} For Goods 
ins, Trains. 


à of Ше en- № of the en- 
tire number|tire number 
uf wheels %о оҒ wheels to 


For lines with а maximum gradient of 1 in 600 
have breaks.|have breaks. 


» » ” lin 300 | 4ditto. 5 ditto. 
” ” ” 1l in 200 | dditto. + ditto. 
” ” » lin 100 | iditto. 1 ditto. 
» » Е lin 60 | $ditto. 1 ditto, 
» n ” lin 40 |&ditto. 1 ditto. 


When the rate ВЕ ident exceeds 1 in 300, it is ordered that 
the last carriage shall be supplied with breaks, and another rule 
in regard to the arranging of trains is, that between the engine 
and first passenger carriage there shall always intervene at 
least one carriage which 4о”” uot contain passengers. It might 
have been well, whep X упр down such rules, to have gone still 
further, and ordered that the last carriage in every train, 
whether on aline with heavy or light gradients, should have 
breaks attached to it, and should not contain passengers. 
Where there are so few trains daily, and large quantities of 
small parcels and light goods requiring speedy transit, an 
arrangement of the kind might easily be carried out. 

The rate of speed varies very much on different railways. For 
express trains it is usually from 27 miles to 35 miles an hour, 
exclusive of stoppages; the maximum velocity attained by trains 
while in motion being from 30 miles to 37 miles, and in some 
таге instances touching 40 miles. Ordinary passenger trains 
travel at the rate of from 20 miles to 25 miles, and goods trains 
at from 10 miles to 15 miles per hour, exclusive of stoppages. 
These comparatively low rates of speed, as might be expected, 
are most satisfactory in their results upon the wear and tear of 
both the permanent way and tho rolling stock. 


Mr. Утомогев said, he did not think the Paper should be designated 
аз treating on the-German system of railways, though it contuined an 
interesting description of various railway structures, and there were а 
number of points which, when studied in detail, would be useful and 
instructive. Notbing was related, however, of which there were not 
good examples, long previously existing in this country, dnd of a 
character which, if examined, would, he believed, be found more 
interesting to the engineer. Many of the works which had been de- 
scribed he knew perfectly well; and while he gave due credit to the 
engineers of Germany for what they had done, he was obliged, in his 
own mind, to compare them with similar works executed here and else- 
where. Тһе German system of construction was, in general, no more 
than adopting, іп a greater or less degree, the plans which had been 
found successful in this country, with such modifications as the circum- 
stances required; but their works would not ава rule bear comparison 
with similar ones in the United Kingdom: For instance, the viaducte 
built from the designs of Mr. J. Miller (M. Inat. C.E.), upon the 
Glasgow and Dumfries Railway, were still unequalled in Europe for 
boldness of conception and excellence of workmanship, and instead of 
following the old Homan fashion, of building tier upon tier of arches, as 
was the practice upon the continent, there was only one tier of arches, 
each pier being carried up to its full height without lateral support. 
With regard to the Dirschau and the Marienberg Bridges, it wag unne- 
cessary to analyse the principles upon which they had been designed, 
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because even from the descriptions given by the engineers of those 
bridges, and from the diagrams published with respect to those works, it 
might easily be shown that their mathematical construction was faulty, 
there being a want of due proportion between the several parts, He had 
watched the progress of these works during their oonstruction, and had 
ascertained that their oost had certainly not been less than 446 per ton. 
It must be understood that this was not said by way of depreciation, 
because, he thought, considering the struggles that had taken place in 
Germany, the results were moet creditable. 

He was exceedingly diffident in speaking on this subject, for he had 
so much to do in Germany many years ago, at the time of the introduc- 
tion of railways, that it was impossible to allude to that period without 
saying more of himself than was becoming. When, thirty years ago, he 
laid out the railway from Brunswick to the foot of the Hartz Moun- 
tains, then almost the first after the Nuremberg and Fürth line, he 
introduced that particular form of rail, of which the Author had properl 
stated that seven-eighths of those in use on German lines consisted, 
which was known in this country as the contractors' rail, but was still 
better known in America and on the continent as the Vignolos’ rail: it 
was а system whioh he studied very much, before finally recommending 
and adopting it. It was properly called the contractors’ rail, because the 
contractors were the firet persons who had the courage to use it, in the 
face of authorities who would not at that period recogniac it. At the 
same time, he also strongly advocated the introduction, as many of bis 
friends knew, of the system of fishing the joints of rails, which was first 
adopted in Germany. 

The great principles, which he thought ought to have been insisted 
upon, as characterizing the German system of railways, were the simpli- 
fication of the permanent way, and the perfection of their statistics. АЦП 
the Companies were compelled, ав іп France, to give positive returns, 
under specifio heads, of every detail of expenditure, and as these were 
published annually, the Companics were brought into а wholesome com- 
petition, for the reduction of the working expenses to a minimum 
Company was held up “іп terrorem” to the others, so that all were 
interested in the reduction of their respective expenses. А recent 
inquiry showed, that the expenses per train mile on two-thirds of all the 
German railways were within a fraction of eaoh other. But notwith- 
standing this, he believed it was capable of proof that the average exe 

enses per train mile were lesa in the United Kingdom than in Germany. 

till he thought it would be a wholesome regulation if railway com- 
panies in this country were compelled to give that informstion, in the 
some way as farmers were asked to contribute agricultural statistics, If 
those returns were furnished, it would be possible to trace every item of 
expenditure to ita source, во that it would be be seen where 
economy might be effected. It had been stated that the average cost of 
the German railways, one-fourth only having two lines of way, was 
£16,400 per mile; that would amount to about £14,000 per mile of 
single line. Now when the cost of land, the Parliamentary and je 
expenses, and a vast number of other items wiuch had unfortunately 
swelled the expenditure in this country were taken into account, he 
thought that the average cost of the lines in this country did not very 
much exceed that amount, particularly when of later date, those items 
of construction which did not fall upon the continental lines being of 
course eliminated. 

The principle of railway legislation in Germany, as on the continent 
gencraliy, was this: —The Government granted a concession for a rail- 
тау from the town of A to the town of В, and sometimes provision was 
made, that it should run by way of the intermediate towns C and D, but 
all the details were lett to be decided during the progress of the works. 
Тһе evidence of individuals, in respect to tbe direction the line should 
go, was not taken, but the line being granted from point to point, the 
details were decided on the spot, where they could best be settled ; and 
although it sometimes gave rise to considerable delay and annoyanoe, it 
saved vast sums of money. The same might be said as to the land, 
There was more trouble, perhaps, in getting land on the continent, but 
thon it was obtained at the mere agricultural or mere town value. 

There were a number of matters to be considered in making a com- 
parison between the cost of lines in Great Britain and on the continent, 
Asa rule, neither the engineers nor the labourers were во well paid on 
the continent, and there were various contingencies besides; so that he 
really thought—and it was a question he had studied for many years— 
when all these were taken into consideration, if the quantity of work 
done and Ив cost were contrasted, that the expenditure was not greater 
in Great Britain than it was, in the end, on thecontinent. And he would 
lay it down as a positive fact, that in no part of the world oould work be 
done eo cheaply as in the United Kingdom, whether measurement or 
weight of material were taken as the standard of comparison. 

With respect to inclines, on the line between Nuremberg and Hof, on 
the route eastward to Leipsic, there were about 7 miles of І in 45, with 
curves of 400 yards radius, worked by locomotives. The last returns of 
the Semmering Railway in Austria showed that the working expenses 
exceeded the receipte; so great was the cost of working over 22 miles, 
with gradients of 1 in 40 and 1 in 45, and curves of 10 chains radius. 
The railway itself had been constructed at a cost of nearly £100,000 рег 
mile, and he might mention that the bricks for the viaducts were brought 
from Vienna, so that the expense was enormous. However advanta- 
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geous the line might be politically, and perhaps in other respecta, to the 
Austrian Government, commercially the speculation was a most un- 
profitable one. 

In mentioning the railway between Cologne and Lidge, the Author 
had not noticed the way in which the passage had been effected between 
the two countries. The principal works were in Belgium between 
Lidge and Verviers, and up to the Prussian frontier. They were con- 
structed at an early period in the history of railways, and abounded in 
rapid curves, and comprised an extraordinary series of tunnels and 
vi&dncts ; and altogether formed one of the most remarkable examples of 
sngineering on the continent. 

e had laid out the Würtemberg State Railways, and he knew they 
had been execnted according to his recommendations; but most of the 
rolling stock was founded upon the American fashion, and he thought 
bad not turned out satisfactorily. In determining the gauge for the 
railways in Würtemberg, Mr. Vignoles was called on to decide whether 
the Bavarian gauge of 4 feet 8% inches English, or the Baden gauge of 
nearly 6 feet, should be adopted. Though Fimeelf а warm advocate for 
a wider gauge, he felt compelled under the then existing circumstances, 
to declare in favour of the narrow gauge. It was then too late to adopt 
the wider gauge; and the Buden Railways being isolated from the lines 
of Germany on the east, France on the west, and Switzerland on the 
south, were, as the Author had remarked, compelled to alter their 
gauge, and change the under-frames of their rolling stock, 

The Taunus Railways had latterly been relaid, in consequence of the 
failure of the rails. These were originally double-headed, and when 
worn, they were turned; but a few months afterwards they broke, as 
might have been expected, at a short distance from the point of support: 
and he saw hundreds of tons of those raila which had been broken, lying 
m stack, Since then a different kind of rail upon aleepers had been 
adopted. 

т. T. E. Harrison said, it was stated that the average cost per mile 
of the whole of the railways in Germany amounted to £16,400. If this 
was contrasted with the cost of railwaysin England, undoubtedly it 
showed very favourably; but there were many causes which operated in 
favour of the German system, in respect of coat of construction. In the 
first place, they were exempt from Parliamentary expenses, which was 
a heavy item in this country; then, an exorbitant price waa not paid for 
the land. Besides, the railways, when made, were not subject to the 
same competition as in England. : 

Allusion had been made, in the Paper, to the Semmering Railway. 
“Не had passed over that line, which was the work entirely of foreign 
engineers, and he would вау that he knew no engineering work that 
would better repay the time and trouble of an inspection, It had been 
stated that, on the Southern State Railway of Bavaria, there was an 
embankment 172 feet in height, containing 3,000,000 cubic yards. The 
details of that embankment, as to the conditions under which it was 
carried out, were not furnished, but it was certain that in no part of 
England was tiere an cmbankment of that height. It appeared from 
the rules of the “ Association of Government Railway Directors,” formed 
in 1847, that the use of cast-iron was completely ignored. Now, he thought 
there were many cases in which cast-iron was exceedingly useful for 
bridges; and though that material might be open to some objections, 
yet, when employed in the form of segments, of which there were many 
admirable examples on railways in England, he could not agree in the 
conclusion which had been arrived at by the German engineers. The 
viaduc:s on the Semmering Railway were constructed with intermediate 
arches in their height. There were numberless examples of high viaducts 
throughout this kingdom—and those upon the Glasgow and Dumfries 
Railway had already been referred to ; but in many parta of Lancashire, 
there were viaducts more than 100 feet in height, and he had built 
viaducts more than 150 feet in height, without a thought of introducing 
intermediate arches. Comparing the general designs of these viaducts, it 
appeared to him that those on the Semmering Railway contained more 
material than had been introduced into viaducts in England. 

Captain Moorsom remarked, with reference to the small cost of the 
German lines of railway, that it appeared they were laid down generally 
with the earthworks and bridges to receive double tracks eventually, but 
almost invariably waiting for the double track till the traffic should 
justify it. He thought a useful lesson might be taken in that respect in 
this country. Не had only a few weeks ago perused a report from one 
of the Government Inspectors, in which it was noted as a matter of - 
unfavourable character, that land had not been purchased sufficient to 
lay down a double track on a railway branch where only four trains each 
way were run during twenty-four hours. The fact was erroneously 
reported by the Inspector, but still it showed one of the impediments 
thrown in the чат of economy іп this осада ав compared with the 
German system. He was at a loss to understand why ‘The Association 
of Government Railway Directions’ in Germany should limit the radius 
of curves to 3,600 feet on level ground, 2,000 feet for hilly country, and 
never less than 600 feet. He was prepared to eay, that curves of 300 
feet radius might in some instances үні desirable. Not that іп England 
such were frequently found, but he should not hesitate to adopt a curve 
of 300 feet radius, if necessitated by the circumstances under which he 
was obliged to lay out a railway, as he belicved it would be possible to 
work round such в curve, to the satisfaction of the locomotive superin- 
tendent, at a speed of 20 miles or 30 miles an hour, Some years ago, he 
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laid down a curve upon a radius of 7 chains, or between 400 and 500 feet, 
which remained to this day on one of the great lines of the kingdom, ч 
The trains were calculated tu travel on that curve at 25 miles an hour; 
but when the line went out of his hands, the Directors issued instructions 
not to exceed 15 miles an hour round that curve, by which instructions 
of course all the calculations for 25 miles were falsifed. With respect 
to the limitation of gradients to 1 in 200 in level districts, 1 in 100 among 
hills, and 1 in 40 оп mountain lines, he remarked that the character of 
gradients must be guided by what the country would admit, as some 
countries seemed to be laid out for а certain class of gradient. Thus, in 
the West of England, the land was laid out for 1 in 60; and if ] in 70, 
or 1 in 80, were attempted, serious difficulties would be encountered. In 
other parts the ground was suitable for gradients of 1 in 100. Therefore, 
asthe country seemed itself to design the gradient on which the railway 
Should be laid out, to limit these gradients by the dictum of book, or 
tables, appeared exceedingly undesirable. р 

The speed of the trains оп these German lines appeared to be lower 

than was necessary. On the Semmering Railway the speed of the ex- 
press trains was limited to 14 miles an hour in ascending, snd to 16 
miles in descending, gradients of 1 in 40. Не was satisfied that 
might be doubled with safety, from his experience in the working of the 
Lickey incline, of 1 in 87, on the Birmingham and Gloucester Railway, 
aince the year 1839. The goods train at 9j miles an hour might do very 
well, as high speeds were not required for goods, and it was expensive 
to have high speed for goods trains on heavy gradiente. In 
descending such dients, it was quite possible, with ordinary 
breaks, always to have the train uuder command, when travelling 
at а much higher speed; and the only limitation in descending upon 
heavy inclines was that which enabled the train to be held ‘in hand.’ 
When a train was obtaining the mastery, running ahead in fact, it was 
readily perceived, and there was a certain stage of progression which 
might be denominated the ultimate speed which a train attained, after 
the breaks had been got to a proper bearing; and this speed would not 
decrease, or increase, unless a greasy part of the line, or the falling of 
dewa, intervened to give more sliding way. Тһе late Mr. Robert 
Stephenson used always to complain of the cost of going up those beavy 
inclines; but Captain Moorsom believed that the cost of working up the 
Lickey incline, at 28 miles an hour, was practically no more than going 
up atthe rate of 15 miles. From the year 1840 to 1546 the speed 
on that incline was 16 miles an hour with passenger trains of seven or 
eight carriages, at a certain cost per train mile, which he did not remem- 
ber, but it was per engine about £700 per annum. From 1845 to about 
1855, a material tud peo Pent took place, as regarded the traffic, which 
increased so much ms to require ten or twelve carriages, instead of an 
ave of seven or eight, and heavier engines were used. The result 
was that, from 1845 to 1865, the trains of twelve carriages used to run 
up that incline at 28 miles or 30 miles an hour, at по more practical coet 
than they rau іп 1845 at the rate of 15 milesan hour, He referred to the 
accounts in verification of the correctness of this statement. He пачи 
that embankments of 170 feet іп height were dangerous to execute. в 
was laying out a line for tho next session with 82 feet of cutting rather 
than have an embankment of 42 feet. The London clay or lias would 
slip at less beights than that, and he knew of no soil that could be 
trusted to the height of 172 feet. He had an embankment of 84 feet in 
the gritstone, but not higher than that. With respect to the bridge over 
the Rhine, at Cologne, to which allusion had been made, he thought it 
worthy of mention, that a member of this Institution furnished the 
design for which the Prussian Government gave the prize over sixty-one 
competitors of all nations. That design was for a lattice bridge of peculiar 
character, und very large spans. He was not certain whether the design 
had been carricd out in all its details, but he was told that a lattice 
bridge had been constructed there. He mentioned this circumstance, ss 
reflecting credit upon the Institution, that one of Из members should 
carry off the prize as to engineering construction thus largely competed 
for, while the prize for architect design was awarded to an architect 
of Berlin. 

Mr. ~ said, be felt unbounded admiration of German engineers, 
and he Was satisfied that, as regarded sound technical education, the 
Comparison between the English engineer and the German was much in 
favour of the latter, and increasingly so, With respect to originality of 
construction manifested in the German railways, no doubt the earliest 
lines in that country were suggested by the successful creation of the 
railway system in "England. hey were, he believed, not designed by 
military engineers, but by officers from the Bergampt (School of Mines), 
the first ideas of railways being taken from those of their great projector, 
George Stephenson; but the worke were carried out in their own way 
from the commencement, and with striking originality in structural 
detail, Ко far from having copied English engineers, the latter had in 
several respects copied them. The lattice bridge in iron was in fact 
introduced from Germany. Опе of the earliest German irm lattice 
bridges was that across the Elbe at Magdeburg, the wooden lattice having 
been long previously known and adopted in America, Sir John Macneil, 
who was the first to employ iron lattice bridges in this country, took his 
earliest examples, in Ireland, from this and other early German bri 
Mr. Mallet would venture to say that he believed, in the end, the lattice 
bridge, in iron, in one form or another, would supersede all others for 
railway uses, 
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Не had recently been over а new line of German railway, the Deutz 
and Giessen, which ran along the valleys of the Lahn and Sieg, through, 
in great part, а very uneven country, one very unlike the level plain of 
Central Germany, so commonly supposed to form the basis of all German 
lines. This line comprised a vast amount of heavy earthworks, and over 
bridges, and extensive lattice viaducts repeatedly crossing the Lahn a 
large navigable river, and it passed through a country шоге difficult than 
апу he had sven in England. In one place, for 14 miles in length in one 
stretch, the gradient was 1 in 49, and nowhere less than 1 in 80; almost all 
this was in rock cutting and side embankment, and the line was obliged 
to take curves in the form, in some places, of the letter U. That line, he 
understood, had been made, nevertheless, at an expense of about $12,000 
per mile. The bridges over the Lahn were on the lattice principle, and 
were beantiful examples of structural skill, and in some points novel. 
One characteristic of the German railways was well worthy of imitation; 
that was the care taken to prevent accidents, which seemed to be to & 
great extent neglected in this country. Some years ago, a brother of their 
member, Mr. Siemens, himself a German engineer by education, proposed 
а mode of telegraphing along all the lines, by which each train, as it 
started, telegraphed its approach to the station immediately in advance. 
That system was adopted on every line, he believed, and the result was an 
almoet entire immunity from accidents on German lines. It was not 
correct to suppose, that the freedom from accidents on the German lines 
arose from their running few trains, or that these invariably travelled at a 
slow rate. In Westphalia, the grand centre of German industry, on the 
trunk lines, as many trains гап as on some of the English lines, and the 
speed of the express trains was 40 miles an hour, while the average 
speed of ordinary trains was 4 German, or nearly 21 English miles per 
hour. Repeated efforts had been made to get the eame system introduced 
here, but the attempt had been nugatory, except in one or two instances. 
This inertness to improve in England might be illustrated by a smaller 
matter. Nearly all the railways in Germany had their axles lubricated 
with liquid oil, instead of solid grease, the imperfect material in universal 
use here; one loth, or ounce of oil, serving to grease an ordinary axle for 
a month, About fifteen years ago, he introduced a mode of oiling the 
axles of railway wheels which, although independently invented by 
him, turned out afterwards to be identical with that in use in Germany on 
certain lines. He endeavoured to get the method tried on some English 
lines, but was met by the statement, that however good it might be, grease 
was so generally employed that no change would be made. In Germany 
there was an admirable system at work for the technical education of 
engineers and others engaged in skilled and scientific employments, with 
which there was nothing to compare in thie country, and it would be well 
to study it and to adopt it as far as possible. 

Мг. Бнег.08 said, that in the north and north-east of Germany, every- 
thing ів the way of railway works was во plain and simple, and so like 
what it was in any easy district of country at home, that there was not 
much to remark upon. The expenditure upon the railways had been 
small from a variety of reasons, one being that the population supplied an 
excellent industrious class of workmen, and the work did not appear to be 
hurried во much as was the саве іп this country. There was а less amount 
of work to be done, and being carried out more slowly, large bodies of 
workmen were not collected together, by which the price of labour was 
raised to an artificial height. The German navvy was paid about 18, 6d. 

day, and did a large amount of work, so that he believed throughout 
Prussia the cost of the earthwork did not exceed 8d. or 9d. per cubic yard. 
It was to be remarked, that but little contractore' plant was employed, the 
embankments being executed mostly from side cuttings, with barrow runs 
of much greater lengths than in this country, even up to 300 yards. This 
might account, in a great degree, fur the excellence of the earthwork to 
which allusion had been made. The stations in Germany had been 
spoken of as being excellent; and he was surprised that the author had 
not noticed especially the station at Breslau, which was perhaps one of the 
finest iu Europe, as regarded architectural effect. Та his opinion, the 
German lattice bridges should not be taken as models of the best design 
and construction. The lattices were composed of flat bars, which were 
inherently weak in themselves, and which, however they might be sup- 
rtod at intervals, by vertical bracings, to keep the top and bottom 
ges apart, were imperfect constructions. It was, he thought, far better 
to give the lattice bars the necessary rigidity in themselves, than to make 
them inherently weak, and supply what was deficient in them by addi- 
tional construction, He had made such girders some years ago, when it 
was the customary practice, but he found their deflection to be very great; 
in consequence, he had since adopted the system of employing angle 
irons for the lattice braces, whether in tension or compression, or 
of Sane plate girders, which undoubtedly formed a ри atrong bridge. 
The rolling stock was of excellent construction, and the passenger car- 
riages most commodíous ; but the trains were few in number, and in most 
cases several hours apart. Under such circumstances, he did not think 
that so much credit as had been claimed for them was due for their freedom 
from accidents. Іп faot, no fair comparison could be made in this respect 
between the German and the English systems; and he believed that if the 
trains ran as frequently on German lines as on those in England, it would 
be found that as great, if not a greater number of acoidents would take 
plaoe on the former than on the latter. 

Mr. C. Н. бикоовх said, with regard to the alleged advantages of 

special education, without venturing to depreciate that which wasa valuable 
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aid to the labour of all classes, and very useful in assisting the engineer 
and the practical шап, to the best way of attaining his object, yet he 
submitted that undue importance should not be attached to theoretical 
education, to the neglect of that practical experience and training which 
the engineer should always bring to bear upon his profession. The 
history of engineering in this country showed that the works which 
reflected the highest honour upon the profession had been carried out, to а 
great extent, by men who had not any large amount of special theoretical 
education, but who, being possessed of great natural powers, were enabled 
to take advantage of the national resources and peculiarities in such a way 
as to command for English engineers universal respect. He thought that 
thie result would not have been attained, if thoy had relied upon a 
technical theoretical education, and systematized rules, cut and dried by 
others, instead of their own energy and originslity of mind and action, 


------ 


THE ASSOCIATION FOR THE PREVENTION OF 
STEAM BOILER EXPLOSIONS. 


Тнв monthly meeting of the committee of this Association 
was held on the 30th October, when the chief engineer, Mr. 
Fletcher, made his monthly report, from which the following 18 
extracted :— 

During the last month 473 engines have been examined, and 
631 boilers, as well as two of the latter tested by hydraulio 
pressure. Of the boiler examinations, 506 have been External, 
5 Internal, and 120 Entire. In the boilers examined 114 defects 
have been discovered, 5 of those being dangerous, thus: 
Furnaces out of shape, 4; fractures, 5; blistered plates, 2 
(1 dangerous); internal corrosion, 12; external corrosion, 16 
(2 dangerous) ; internal grooving, 2; external grooving, 1; feed 
apparatus out of order, 1; water gauges ditto, 17; blow-out 
apparatus ditto, 13 (2 ШАТЫРДЫҢ | safety-valves ditto, 5; 
pressure gauges ditto, 4; without feed back pressure valves, 32. 

STRENGTHENING THE Мамногкв or Вогһввв with Моотн- 
PIECES.— The importance of и the manholes of boilers 
with mouthpieces is shown by the fact that nine explosions, b 
which fourteen persons have been killed and six others injured, 
have recently occurred to boilers in which this precaution has 
been omitted. In each of these explosions the primary rent has 
started from the manhole, and although in some cases the pres- 
sure of the steam has been considerably higher than it should 
have been, so that the explosions have been partly attributable 
to excessive pressure, yet they have been materially promoted 
by the weakening effect of the unguarded manholes, while others 
have been entirely due to that cause. Particulars of six of 
these explosions have been given in previous reports; while 
those of three others will be found below. The weakening 
effect of unguarded manholes is not produced solely by the 
amount of metal cut away, but toa great extent by the action 
of the covers. These are generally internal, and held up to 
their work by the pressure of steam, as well as by a couple of stout 
bolts and nuts, suspended from arched bridges; and as the 
surfaces of the plates at the joint are not dressed smooth, but 
left rough, a considerable strain is frequently put on the bolts to 
make the joints steam-tight, especially when the cover does not 
fit the sweep of the boiler. Thus the action of the steam, 
combined with bolts, tends to force the cover through the man- 
hole and split the boiler open. This is just the action that takes 

lace. In some boilers it has been detected in an early stage 
just in time to prevent explosion, while others have been known 
to burst shortly after the manhole covers have been tightened 
up, or the joints caulked. Nothing is easier than to strengthen 
these manholes. It is done in all modern boilers turned out by 
first-class makers, so that there is not anything novel about it. 
As, however, somo of our members havo old boilers to which 
this mounting is not attached, and which they are desirous of 
adding, while some makers continue to turn out new boilers 
without it—a practice from which so many fatal explosions, as 
just stated, have already occurred—it is thought thata description 
of this most simple but valuable mounting will not prove unac- 
ceptable. 

he manhole mouthpiece is an external one, made of cast iron, 
and in the shape of a short cylinder, with a flange both at the 
top and bottom, the lower one being curved so as to fit the 
sweep of the boiler to which it is rivetted, while the upper one 
is flat, and fitted with в cover, secured with bolts and nuts. 
Both the cover and upper flange should be faced up true on 
their joint surfaces, while it adds a finish to the work to turn 


them up on the edge, as well as to face the cover on the outside ~ 
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for а width of about four inches, so as to give a true bearing 
surface for the nuts. For convenience in lifting the cover, a 
wrought iron eye bolt should be attached to it at the centre. 
The height of the mouthpiece should be sufficient to admit of the 
introduction of the bolts between the flanges for securing the 
cover, while the opening should be large enough to afford a man 
easy access, say 15 inches, which, however, is a liberal allowance, 
and might be slightly reduced in special cases should it be 
desirable to do so. e metal should be an inch and a quarter 
thick for steam at а pressure of 60lb., while the bolts should be an 
inch in diameter, and spaced about six inches apart. It is well to 
strengthen the upper flange by brackets, while the cover can be 
stiffened by ribs if required. By some makers the flanges are 
made as much as an inch and a half thick. For steam consider- 
ably above 60lb. оп the square inch, mouthpieces are sometimes 

e of wrought iron, but those of cast iron are found to work 
satisfactorily up to that pressure. No hemp ring will be re- 
quired for making the cover joint, but merely a little red lead 
and oil if the surfaces be properly got up, and provided that the 
lower flange be suitably rivetted to the shell, little or no caulking 
will be required to make it steam light. 

This external manhole mouthpiece is not the only form 
adopted. Some boiler makers prefer an internal one. Either 
of them: if properly made, works well. The one described above 
is of a type very generally adopted and approved. Many 
hundred boilers are fitted with it in this neighbourhood. It has 
been found to work satisfactorily, and may safely be followed. 

Мгоноте Могтнріксев.-Іп double furnace boilers the mud- 
hole—which is placed at the bottom of the front end plate, and 
below the furnace mouths—forms a second manhole, and should 
be guarded with a mouthpiece. When this is omitted, incon- 
venience is experienced from leakage at the joint, which not only 
disfigures the boiler, but induces corrosion, in many cases 80 
wasting that the front end plate has to be eut away and repaired. 
With good mouthpieces, suitably got up, this danger is avoided. 

The mounting for mudholes is very similar to that recommend- 
ed above for manholes, but the position below the furnace 
mouths does not allow room for a cylindrical mouthpiece 
sufficiently large to admit a man’s passing through it, and, 
therefore, instead of being cylindrical, it has to be oval. Like 
the manhole mouthpiece just described, one of the flanges is 
rivetted to the boiler, and the other fitted with a cover secured 
with bolts and nuts, both joint surfaces being faced, as well as 
the outside of the cover, for a width of about 4 inches from the 
circumference, in order to ensure the nuts bearing fairly. It is 
important that the joint surfaces should be well got up, and it is 
better to make the joint with a little red lead aid oil, than with 
a spun yarn ring; while a case which has occured during the 
last day or two may be mentioned in illustration of this, in 
which the furnace crowns of a boiler were both laid bare and 
overheated at night time, in consequence of the water's wasting 
away from leakage at the joint of the mudhole cover, which was 
not made metal to metal with red lead and oil, but with a spun 

arn ring. Metal to metal joints will of course sometimes leak 
1f neglected, but they do not give way unawares, and thus rapidly 
drain & boiler as in the instance just mentioned, while the 
amount of discharge in all cases may reasonably be expected to 
be less, even should leakage occur. 

Internal mouthpieces are sometimes preferred for mudholes 
to external, but either one, if well got up, will do good service. 
Perhaps the external ones are more extensively used, and, as 
stated above, with regard to the manhole mouthpieces, they are 
found to work satisfactorily, and may safely be adopted. 

ExPLosrows.— Before entering on the explosions of the past 
month, the particulars of two others, viz., Nos. 27 and 29, 
which were of prior occurrence, may be given, since they have 
DM reference to the subject of unguarded manholes just 

uded to. 

No. 27 Explosion occurred at about half-past four on the 
afternoon of May 31st, at a small elastic braid manufactory, and 
ae in the death of one person, as well as in injury to two 
others. 

The boiler, which was not under the inspection of this Asso- 
ciation, was most diminutive, its length being only 4 fect, and 
diameter 2 feet 5 inches. It was fired externally, and of plain 
cylindrical construction, with dished ends, the barrel bein 
composed of two plates, which were laid lengthwise, an 
measured a quarter of an inch in thickness, while the спів were 
three-eighths. 
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The equipment of the boiler was most defective. There was 
a large manhole cut in the top of the shell, measuring 17} inches 
long by. 13} inches wide, which was not strengthened, as it 
should have been, with a substantial mouthpiece, while the hole 
was laid lengthwise on the boiler, so that it had a very weaken- 
ing effect. There was but one safety-valve, an inch and five- 
eighths in diameter, loaded with a weight which at the end of 
the lever gave a pressure of about 15016. per square inch, Ponga 
it was stated that the boiler was ordinarily worked with the 
weight not at the end, bnt midway. There was no steam-pres- 
sure gauge, and no glass water-tube, the latter having been broken 
some weeks before the explosion, and the boiler worked on 
without it, while there was no feed-pump or injector for feeding 
the boiler, so that this could only be done by letting the pressure 
down, when the water was poured in through a pipe leading 
Бош two or three tubs placed three or four feet above the 

er. 

When the boiler burst, it gave way at the unguarded man- 
hole just described, five rents starting from it, which zipped the 
shell completely open along the top from end to end. The 
explosion reduced the house toa heap of ruins, the brickwork 
and timber being scattered in every direction, and an adjoining 
street strewn with the débris, while other portions were thrown 
on to the roofs of neighbouring buildings. The manbole cover 
is reported to have been blown to a distance of 160 feet, and the 
safety-valve 450, where it struck an adjacent chimney ; while, in 
addition, the owners of the boiler, who were their own firemen, 
were both seriously injured, one of them fatally so. 

From the evidence given at the inquest, it would appear that 
though the boiler was tended by its owners, this was done in a 
somewhat remarkable way. In consequence of there being no 
pump or injector, they were in the habit of charging the boiler 
with a whole day's supply at one time; and as the glnss water tube 
was broken, they ascertained the amount of water in the boiler 
by tying an iron nut to the end of a string, and letting it down 

rough the safety-valve, so as to take a sounding, stating that 
after twelve hours' work they still found water in the teller u 
to the tap at the bottom of the disabled glass water gauge. 
mechanic, who had erected the engine and boiler, said that when 
the steam got up to blowing-off point, the owners were in the 
habit of drawing the weight to the end of the lever, in order to 
confine the steam in the boiler, instead of allowing it to blow off. 
Two engineers, one of whom made an official report on the cause 
of the explosion at the order of the coroner, called attention to 
the weakening effect of the unguarded manhole on the boiler, 
the former stating that if the boiler had been intended for high 

ressure, the manhole should have been strengthened, and the 
atter, that he did not consider it safe at a higher pressure than 
50 1b. per square inch. Both of them concluded, after examining 
the plates, that they had not been overheated through shortness 
of water, while one of them added that the boiler was laid down, 
in the first instance, for a much lower pressure than that at 
which it had been worked; and to admit of an increase, the 
original safety-valve had been removed, and replaced by the one 
upon the boiler at the time of the explosion. The jury brought 
in a verdict, “ That the explosion was due to shortness of water 
in the boiler, and the generation of gas, which caused an over 

ressure;" while, at the same time, they censured the owner 
or not having supplied the boiler with a steam gauge and water 
gauge; expressing, in addition, their disapproval of the practive 
of lacing such boilers in thickly populated parts of the town, 
and entrusting their management to incompetent men, to the 
imminent danger of the surrounding neighbourhood. 

There appears to be an inveterate a habit of attributing 
all explosions to shortness of water and the formation of gases, 
and it would have done more to prevent the recurrence of 
similar explosions if the jury, instead of launching into theory, 
had confined their attention exclusively to the practical defecta 
in the equipment of the boiler—such as the absence of any feed 
pump, steam gauge, or glass water tube, the very disproportioned 
oad upon the safety-valve, as well as the weakening effect of 
the large unguarded manhole—and pointed out the importance 
of having boilers more efficiently mounted. It appears that the 
joint of the manhole cover had been caulked with red lead but a 
few days prior to the explosion, and as the boiler burst the first 
time it was set to work after the caulking, it would seem as if 
the manhole then received its finishing touch, which is in accor- 
dance with the view previously expressed, that the mischievous 
effect of these unguarded manholes is not due solely to the 
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amount of metal cut away by the opening, but also to the strain 
put дроп the plates in making the joint. It was not actually 
proved in the evidence that the weight was at the end of the 
safety-valve lever at the moment of explosion, and even 
if it had been, and steam had been up to blowing-off point, 
viz., 150 lb. on the square inch, it would not have led to the 
rupture ofa shell of so small a diameter as this one was, had it been 
fairly made and suitably equipped; so that it would not appear 
correct to attribute the explosion simply to excessive pressure. 

This explosion must, it is thought, be ranked among those 
due to defective boiler mountings, while it clearly affords an 
additional illustration of the danger of unguarded manholes, and 
the importance of having them all suitably аиа) with 
substantial mouthpieces. 

No. 29 Explosion occurred on June 11th, to à small boiler of 
multitubular portable class, not under the inspection of this 
Association, and resulted in injury to two persons. 

I have not had an opportunity of making a personal examina- 
tion of the бер жігі boiler, but have been favoured with a pho- 
tograph, as well as with particulars and sketches taken by an 
engineer on the spot, from which it appears that the primary 
rupture occurred at the crown of the outer casing of the fire- 
box, the rent running in a longitudinal direction, and through 
the manhole, which was not strengthened with any mouthpiece. 

The explosion is extremely similar to another which took 
place to a portable agricultural boiler when at work driving a 
thrashing machine on the 9th of January, 1865, details of which 
were given in the report for that month, under the head of 
Explosion No. 8. Although there was no evidence in either of 
these cases of there having been excessive pressure, the question 
has been raised in both since the explosions occurred. Indeed, 
in the first instance, an action to recover damages was brought 
by the owner of the boiler against the party to whom it had 
been let out on hire, on the assumption that the explosion was 
due to his having improperly screwed the safety-valve down. 
The desirability of avoiding this uncertainty, apart from con- 
siderations of safety, appears to me a sufficient reason for adopt- 
ing the recommendation already given on previous occasions; 
viz., that the spring balances with which the safety-valve levers 
of portable boilers are usually loaded, should be fitted with 
suitable stop collars or ferrules, which would render it impos- 
sible to screw the valves down beyond a pre-determined pres- 
sure ; added to which, all these boilers should have two safety- 
valves, one at least of which should be of dead-weight construc- 
tionyand not placed inside the boiler, where it would be out of 
oo but outside, so as to be both above-board and accessible ; 
while the constant recurrence of primary rents in boilers through 
unguarded manholes, of which the present explosion is an addi 
tional illustration, must be the apology for repeating the oft- 
reiterated recommendation, that АГ. these misuboles should be 
strengthened with substantial mouthpicccs. 

From September 22nd to October 26th, inclusive, the following 
explosions occurred :—September 25th—Ordinary single flue or 
“ Cornish,” internally fired, 7 persons killed, 2 injured. October 
5+ —РогіаЫе agricultural, internally fired, 1 killed, 7 injured. 
October 8th—Marine, 2 killed, 2 injured. October 9th—Port- 
able vertical, internally fired, 8 killed. Total, 18 killed and 11 
injured. 

Not one of the explosions given occurred to boilers under the 
inspection of this Association. I have visited the scene of the 
catastrophe of the two that were most disastrous, viz., that 
which happened on September 25th, and resulted in the death 
of 7 persons, as well as in injury to 2 others, and also.that which 
occurred on October 9th, and by which 8 persons were killed. 
I am not able, however, to give full details, but may state 
that neither of these explosions arose from shortness of water or 
corroded plates. The first was an ordinary Cornish boiler, 
4 feet 6 inches in diameter, and failed in the external shell at a 
brittle plate. The boiler in the case of the latter explosion was 
a small vertical one, internally-fired, and most m 
equipped, having but a single satety-valve, whereas there should 
have been two, while the one with which the boiler was fitted 
was of a most dangerous construction. Also the manhole was 
not strengthened by any mouthpiece, and the boiler burst at 
that part. This is the second boiler of this class and by the 
same maker which has recently exploded with fatal results, so 
that it deserves serious attention. The details of both these 
explosions are important, and I hope to be able to give them at 
ап early opportunity. 
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APPARATUS FOR SAVING LIFE. 


THE inundations that have recently taken place in France have 
shown how very necessary it is to establish a communication, by 
some simple means, between two points rendered inaccessible by 
the water. M. Gustave Delvigne has invented an arrow to 
carry а line that may be easily used to render assistance in such 
circumstances. There are everywhere a great number of guns 
available, either muskets of the soldiers, carbines of the gen- 
darmerie, or fowling pieces. The average calibre is from 174 
centimetres to 18 centimetres. This arrow, for the purpose of 
carrying a line, consists of a rod of wood 1-10 to 1-20 metre in 
length, and 14 to 15 milimetres in diameter, of ash, or any other 
flexible and straight grained wood. At the end which rests on 
the charge a copper ferule is fixed with a small pin, 15 to 20 
millimetres in height, and half a millimetre less in diameter than 
the calibre of thegun. This ferule thus forms a protection, а 
stop at the back ofthe arrow. Іп urgent cases this stop might 
even be made by a little pin driven through the wood. An 
arrow thus prepared would weigh 180 to 200 grammes. For a 
fowling piece, the barrel of which is shorter, the weight of the 
arrow is reduced by a third, and also the charge of powder. At 
the front of the arrow is placed a loop, formed by the end of a 
line of about 60 centimetres in length, ly fastened by means 
of splice or a ligature. At the middle of this doubled line two 
strong ligatures are made with fine twine, so as to form a ring 
clasping the rod tightly. In this manner the doubled line forms 
two loops of equal lengths on each side of the ring. Below and 

ainst this fastening a noose is formed with the end of a line of 
the same size, with five or six turns tight round the rod. Finally 
the line to be carried is fastened to the loops. This line 100 
metres in length, and from 24 to 3 millimetres in diameter, is 
wound on a conical mandril, which is taken out when the ball of 
line is completed, and the end within the ball is that which always 
should be attached to the arrow. If necessary the balls of twine 
sold by the rope makers, and which are easily unwound from 
the. interior, may be used. This done, the gun or musket is 
then loaded with a charge of from 2 to 24 grammes of powder 
(about half an ordinary charge), then two good wads of felt are 
rammed in, or else a strong арт жай. е arrow is then put 
in (the wood of which should be first slightly greased), and is 
well pressed downto the wad. The gun is pointed at an 
elevation of 25 to 30 degrees in the direction required to send 
the line. In the firing, the fastening and the noose slide stiffly 
the whole length of the arrow as far as the projection or stop on 
the ferule. By this means the inertia of the line to be carried is 
gradually checked, and the shock that would be liable to break 
the line is prevented. 
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ROYAL INSTITUTE ОЕ BRITISH ARCHITECTS. 


OPENING ADDRESS BY THE PRESIDENT, 
ALEXANDER J. B. Вевввғовр Horr, M.P., LL.D., F.S.A.* 


Н лугко by your kindness been for the second time called to 
the chair of this Institute, I have in to open the annual 
session, and to review the position of the Society in regard to 
the noble craft of which we are the accredited representative 
within this realm. My task is, under one aspect, more easy 
than it was last November, because, from having been personally 
engaged in all the work of the Institute during the past session, 
I can speak with the confidence engendered by personal respon- 
sibility. Оп the other hand, that responsibility makes the 
second year's address a more difficult enterprise to him who has 
the honour to deliver it; for when he makes his first appearance 
he comes forward with something of the assurance of an invited 
lecturer; the second time, he appears as an official, bound to 
show cause for what he may have performed in behalf of the 
Institute during the past period, and to plead indulgence for all 
that he has а 

To begin with a purely domestic matter, I have to congratu- 
late you upon the doubt which may have oxisted as to our right 
to prefix the уоса е“ Royal" to our style, having been solved 
by Her Maeng a own gracious and direct pon to use the 
appellation. is session will be marked by certain alterationg 
in our personnel, which are needed to give more efliciency to our 


* Delivered at the Ordinary General Meeting, November Sth, 1808. 
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operations. It will not become ше to say more upon this head 
than to assure you that, while fully convinced of the desirability 
of the change, Тарым regret that we shall no longer show the 
world the example of so much done by a staff so nearly honorary 
in all its organisations. 

Last November I referred to the relative functions of the 
Institute and the Royal Academy. Тһе intervening year has 
been eventful for the Tatter body, for 1885 had not closed ere 
the chair of the Academy fell vacant by the decease at Pisa of 
its beloved and Баира President, Sir Charles Eastlake. Of 
the merits of that admirable man it is hardly necessary that I 
should speak to any who enjoyed the privilege of his acquaint- 
ance ; but our transactions Í trust, penetrate beyond our own 
circle and island, and I should regret that this address did not 
contain our formal valediction of one whose name will long en- 
dure among the famous men whose praise is written in the 
history of British Art. The distinguishing characteristic of Sir 
Charles Eastlake’s bearing, was a certain sweet and grave judi- 
cial evenness ; kindly but firm, choosing with deliberation its 
time for speaking, and speaking then in the tones of one who 
claimed attention in right of his knowledge and forethought. A 
man so gifted, was of course eminently suited to be an efficient 
administrator in difficult times, and such were the latter days of 
the last President of the Royal Academy. Sir Charles East- 
lake’s place has, I am glad to say, been filled by the election of 
an Academician who has shown himself a vigilant sentinel of 
artistic independence, at а crisis which has put his courage to 
the proof. It is not many months since the attitude of art 

olitics in regard to the Royal Academy and to the National 

Пегу was an object of anxious thought to all impartial 
bystanders. The late Government was desirous, to its credit, 
to terminate the long paralysis which had crept over the 
material future of the Royal Academy and National Gallery. 
It made its policy hinge on the expulsion of the Royal 
Academy from the building in Trafalgar-square. which was 
then to be transferred in its entirety, with something more, 
to the National ашат, The administration had not very long 
before advocated a different policy, and proposed, while leaving 
Trafalgar-square to the Academy, to build a National Gallery 
in the garden of Burlington House. The sincerity of my regret 
at the failure of this scheme will not be doubted, because Lord 
Palmerston's Government was induced to reconsider the proposal 
by pressure from the party with which in political questions I 
ат accustomed to act. But art ought not to follow suit to 
general politics. The edict of expulsion had gone forth, and a 
new position was offered to the Academy somewhere upon the 
site of Burlington House and of its grounds, on terms so lax as 
to involve either the destruction of its garden, which nobody 
wants to keep, or of the house and colonnade, which would have 
been a decided architectural loss. Happily, as events have 
proved, for the preservation of that monument of eighteenth cen- 
tury architecture, but at the same time somewhat inexplicably as 
far as its own interests are concerned, the Academy, after a little 
hesitation, declined the Burlington site. Then there spread a 
rumour that a large area at South Kensington was placed at the 
disposal of that body on advantageous terms. The offer was 
undoubtedly liberal, and there might have been reasons for 
closing with it; but the scheme was obviously unpopular, 
because its essential element was the removal of the existin 
exhibition of modern pictures from the centre of bustle an 
population to a spot which its best friends cannot deny is both 
гараан and exclusively inhabited Бу gentlefolks. Ар episode 
intervened of an unsuccessful attempt to induce the House of 
Commons to revoke the decision to which it had come in 1864, 
while, in the meantime, the Burlington House gardens site had 
been reduced by the cession of its northern frontage, lying 
between the Arcade and the Albany, tothe University of London. 
Still between Burlington House itself and this proposed building, 
ample room existed, not perhaps for the construction of a 
National Gallery, but for the purposes of the Academy, while 
Lord Burlington’s own mansion stood available for offices and 
vestibule. Accordingly, at the close of the session, the Academy, 
while finally declining to move to South Kensington, expressed 
itself willing to accept this space, subject to the retention and 
adaptation of Burlington House itself, leaving to the Govern- 
ment to keep and utilise the other buildings flanking the court- 
ard. The Academy galleries are in the hands of one alike 
onoured here and amongst our distinguished allies, Mr. Sidney 
Smirke, while the courtyard and flanking buildings are entrusted 
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to the able manipulation of Messrs. Banks and Barry, who will 
have to consider the conversion for the uses of various learned 
societies of the two flanking wings, the curved colonnades, and 
the solid sereen towards Piccadilly. The decision to which they 
may arrive is, of course, the business of the First Commissioner 
of Works. As to the treatment of the wings there can be but 
one opinion—namely, that those structures are the great blot of 
the whole composition, and ought under any circumstances to be 
rebuilt. On the contrary, the demolition of the colonnade 
would, I venturo to say, be artistically a great misfortune; 
whether or not it be anecessary sacrifice to the Baal of economic 
retrenchment, this is not the time nor the place to settle. The 
screen towards Piccadilly being heavy, though symmetrical in 
composition, and physically obstructive, is unpopular with the 
public, and its removal or vital alteration seems settled. Against 
the expediency of freely handling this member of the group I 
have not a word to say; while I think it due to the taste of 
those who built it to observe that for their object, namely, the 
construction of a wall to serve as a complete screen between a 
private house and the street, it is a work of architectural merit. 
Our age is Jess exclusive, and the house is to become a public 
and not a private building, Nevertheless, if one of our contem- 
poraries were called upon to build a veil-wall, it is quite within 
possibility that he would produce something доное heavy аз 
and less thoughtfully balanced than this often-abused screen. 
In spite of the physical proximity of the new University of Lon- 
don to the Burlington Åouse group, it is impossible to conceive 
any two structures which it is more absolutely impossible to 
comprehend in the same view, and therefore our friend Mr. 
Penncthorne, to whom it has been entrusted, has wisely under- 
taken to carry out a totally independent design. 

When die Royal Academy finds itself established in a mansion 
of its own, and master of its own times and actions, it will act 
with wisdom if it sets itself to consider seriously the position 
in which it annually placcs itself by adhering to the programme 
of an architectural exhibition which meets with so limited в 
response. I blame no one; I willingly admit that better success 
in Trafalgar Square might have been impossible; but we look 
for and asim other things at Burlington House. In the mean- 
while, the Architectural Exhibition, which is our own co-tenant 
under this roof, having made a fresh start, with a new constitu- 
tion, merits our best wishes and hearty co-operation. 

I revert to the National Gallery. The result of the late 
Government's decision was to fix its permanent home in Тта- 
falgar-square, and after the discussions of the past session, this 
result remains unchanged. Fortunately, there is but one opinion 
in or out of Parliament, that neither in size, arrangement, nor 
external appearance is the structure worthy of its destination, 
even after the appropriation of the half now used by the Academy. 
The one grand feature, Wilkins’s double central hall, fell a 
victim some years since to an energy of patching emanating 
from Lord Palmerston’s Government. The purc of the 
workhouse behind the Gallery, of Archbishop Tennison's school, 
and of several houses. combined with the removal of the barracks, 
is a costly method of mcesing the objection which exists against 
the physical capacity of the existing pile to contain a collection 
which our just national pride leads us to hope will not in the 
twentieth century be depreciatorily quoted after Rome, Paris, 
Dresden, and Berlin. However, we have met here to-night as 
artists, not tax-payers, and so we do not complain of this expen- 
diture. It will be an outlay that will show results for the money 
spent, for with the addition of that area an ample space will have 
been obtained for the Gallery, with means of securing a magni- 
ficent facade towards Trafalgar-square. This opportunity of re- 
forming the north side of Trafalgar-square, as i may notice by 
the way, is an advantage which would have been equally within 
the power of, and which would have been made compulsory on the 
Ааа had it been fortunate enough to have retained its 
present position. The mass of building behind will of course be 
a contribution to London interiors, but not to the artistic aspect 
of the streets. The late Government was sufficiently awake to 
the importance of the undertaking to determine upon eos 
the architect by competition, and it further decided on а limit 
competition. 1 know too well the delicacy of the subject to 
risk making this the opportunity for raising a discussion on the 
comparative merits of limited or unlimited competitions. There 
is one stage in the discussion on which all who care for architec- 
ture must agree, and upon which this Institute made ite formal 
stand when called upon to have an opinion in the course of the 
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discussion of last session. Those who support and those who 
oppose competitions, those who wish competitions to be unlimited, 
and those who prefer that they should be limited, must all agree 
that when & competition exists and is not unlimited, there has 
arisen the necessity of в sufficient number of competitors being 
invited to secure the undertaking being alike advantageous to 
architecture, to the publie, and to the objeet in view, both in 
the stimulus to art which such а competition is designed to give, 
and in the good results of а building of which the city in which 
it is to stand and the nation may be justly proud. The competi- 
tion for the National Gallery was to be a double one, each 
competitor having to tender a project for the alteration of 
the existing building, and also for a completely new design, 
and the number of candidates originally named was six. 
It happened that in the other great competition of the year, that 
for the Law Courts, the number six had also been selected. The 
Council felt that in neither case was the number sufficient; but 
there were certain complications in regard to that for the Palace 
of Justice which did not exist in reference to the National 
Gallery, and we accordingly thought it wiser to limit our formal 
petition to the House of Commons (which I had the honour of 
presenting) to one in favour of extending the number of eompe- 
titors for the Gallery, with, however, a manifest spirit of desiring 
to cover the entire controversy. Independent members of the 
House of Commons took the question into their own hands as 
regarded the Law Courts, and the broad result is that for either 
building a selected list of twelve eminent competitors was 
arranged ; and that the double adjudication upon their designs 
will no doubt be the great architectural event of the coming 
session. I may observe, that in the course of the parliamentary 
discussion, I ventured to throw out, with all diffidence, the question 
of the possibility of the adoption, under certain circumstances, of 
a system of competition combining the principles of limitation and 
openness, by retaining a selected body of invited competitors, 
and yet permitting those architects who liked it, at their own 
risk, to enter the lists against the chosen few, with no claim for 
remuneration on account of work атпа in getting out their 
drawings if unsuccessful, but with an equal one to be named if 
most deserving, for the actual construction. I do not here press 
the notion, though I have recurred to it as a subject which 
may be worthy of the attention of the Institute, guarding 
myself by the premise that I suggest it as for the present 
necessity, and not as theoretically and ideally just and de- 
sirable. I moved the House of Commons to reverse the decision 
of two years since, which closed Burlington House to the 
National Gallery. The success of that motion would have been 
fatal to the Trafalgar-square competition, and yet I had been 
working in your name and my own to make this competition 
broader. Still, I venture to plead that there was no real incon- 
sistency in my proceeding. On general principles of art policy, 
I was led to the conviction that a certain scheme was faulty, and 
I opposed it accordingly. Faulty, however, as tho scheme might 
have been in its broader aspect, it carried with itself the inci- 
dental benefits which might accrue from the competition. So 
long, therefore, as the scheme was a fait accompli, as it is now 
destined to be, it has been, and it will be, my duty to deal 
with the incidents of the new building in Trafalgar-square as в 
question to be treated within its own four corners with a single 
regard to the advantage of that building in itself, and in relation 
to the site which it occupies. | M 
I was just observing that there were certain complications 
attaching to the competition for the new Law Courts. ‘These 
were of an administrative character, and owed their origin to the 
fact that the Government had handed over no inconsiderable 
portion of the control, which in the ease of most public buildings 
would have been shared between the Treasury and the Board of 
Works, to a Special Commission, created by act of Parliament, 
and comprising a large infusion of the legal element. These 
entlemen set to work with a very sound principle strongly 
efore them, and, as was not unnatural, rode that principle a 
little hard. They assumed that the successful architect (or 
architects) ought to have made himself practically acquainted 
with the working of the different courts of law, and the inference 
which they drew from this undeniable proposition was that it 
was hee for them to be excessively restrictive in the number 
of competitors chosen, in order to prevent the business of the 
courts from being interrupted by the frequent visits of curious 
investigators, and so they drew the line at віх. This was pal- 
pably, in the eyes of all men except the Commissioners them- 
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selves, an extravagant application of their principle. Not to 
allude to any other objection, this restriction manifested 
considerable confusion as to the artistic obligation, contracted 
with the national honour, to produce the best attainable building. 
However, it required a vote of the House of Commons to over- 
come the reluctance of this most respectable Junta. The 
majority in fayour of extending the number was decisive and 
totally devoid of party complexion, and the Commission of 
course.capitulated. So the number was raised to twelve, while 
a БЕКІРЕ extension, indirectly occasioned by that division, 
enlarged, as we have всеп, the list of competitors for the National 
Gallery to the same limit. 

Last year I had occasion to express my anxiety that the 
coming Palace of Justice might be worthy of its destination and 
of the empire. This year I can confidentially say that the list 
of competitors gives the material rantee that the building 
will fulfil the expectations of artistic patriotism, provided only 
the judges show themselves competent, and Parliament, in 
years to come, is wisely generous enough not to grudge the 
necessarily large sums requisite to bring so grand a work to its 
legitimate completion. I have, I feel, Ппрегед somewhat long 
upon this subject. Butit is one of so much importance, not 
only in regard to the buildings affected, but to the great question 
of the relations which ought to exist betwecn architecture and 
the executive, that I have no reason to offer any apology for 
making it a prominent topic in this address. è 

I bave now to call attention to the prospects of British archi- 
tecture and of the cognate arts at the coming French Exhibition. 
You need not that I should repeat the history of that joint com- 
mittee of this and other architectural societies which has, I 
believe, in some form or other, come before almost every 
mecting during the past session, You know that, after many 
incidents, mainly traceable to the tenacity with which the 
French authorities, who are, of course, supreme, have, true to 
their national character, clung to their own system for regulatin 
the details of other countries, our committee has been recognise 
by the British Commissioners as the body on which it relies for 
accomplishing the Gallery of British Architectural Drawings in 
the Fine Arts Department (Group I.), and also (though with a 
less degree of official recognition) as organisers of a Court of 
Manufactured Productions referable to Architecture and the 
Cognate Arts to be comprised in Group III. Our committee 
was disapointed at finding that we could only have allotted to us 
a pets of 1,000 square feet in this third group. However the 
Ecclesiological Society obtained 700 square feet more, and b 
the terms upon which the joint committee was constituted, this 
allotment was handed over to the common stock, while the 
authorities at South Kensington promised to forward our views 
by placing the two allotments so close together as to enable us 
to mould them into one court. More recently, however, we have 
learnt that in return for this facility, the joint space has to be 
reduced to 1,423 square feet. Remonstrance would be needless, 
and во we are exerting ourselves to make the best of what we 
have got. But out of these arrangements has grown a project, of 
which I am grateful to say that we owe the suggestion to Mr. 
Cole, which promises to be alike useful and full of interest. The 
tale of designs which we shall be able to exhibit at Paris will be 
comparatively small, while the number we should desire to send 
will be proportionately very numerous. In face of this difficulty 
the South Kensington authorities have undertaken to arrange 
for us а preliminary exhibition in London, commencing at the 
beginning of December, in the spacious range of galleries at 
South Keusipton, whieh were during last summer, and will 
again next season, be occupied by the National Portrait Exhibi- 
tion. The space is vast and the time convenient, and so we 
anticipate the RA ordi d of e eed together а mass of con- 
temporaneous architecture such as has never before been put in 
the power of the English publie to study. Those who hope to 
appear at Paris are invited to conform themselves to certain 
necessary and pressing regulations of size, but the committee 
desire it to be known that they do not regard this exhibition as 
a mere tasting trial for Paris, but as one possessing a national 
character and scope of its own, and which therefore need be оп] 
limited by the space at their disposal. It will, it is expected, 
contain many designs tendered for Paris,and it will also embrace 
designs sent to be viewed in London, A comparison of the list 
of the Institute, as it stood at the close of last session, with that 
of the year preceding, will show a considerable increase in the 
section of Honorary Fellows. I think we ought to regard this 
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circumstance with satisfaction, not so much for the material 
advantage which it is to our body, but for higher considerations, 
on which I shall not be deterred. from dwelling, because, when 
out of this chair, I myself belong to that order. What is an 
honorary fellow? Technically and literally he {s the partner in 
& bargain, of mutual convenience to himself and to the Institute. 
Morally, however, we may, I hope, see in every new honorary 
fellow a fresh convert to the importance of our noble profession, 
a fresh pledge that in the construction of all and every building, 
science and art shall bear their due proportions. It 18 no doubt 
the duty, as it is the interest, of the architect to please his 
employer, so faras he can do so without sacrifice of self-respect. 
It is equally his duty to see that he is respected by that 
employer, in the same way and for the same reasons that the 
lawyer or the physician is, because the employcr is convinced 
that the architect’s technical knowledge carries with itself 
the guarantee of successful results unattainable by untrained 
cleverness. Now then, although a little learning is a dangerous 
thing where the half-taught cmpiric himself sets up as a prac- 
titioner, it is not dangerous in the hands of the man of sense, 
who is satisfied to appreciate and not to practise. On the 
contrary, it enables him to understand the value of things which 
are as sealed books to the wholly uninstructed. Applying this 
truth (I fear I should say this truism) to our own case, I contend 
that it is for our direct benefit that the knowledge of the general 
priyeiples of architecture should be as widely diffused as pos- 
sible among the educated classes. The time has as much 

ssed away for our profession as for any other to be a mystery. 

e are constrained to live—and well it is for us to be under 
this constraint—in the broad daylight of general criticism, 
sometimes intelligent, sometimes prejudiced and ridiculous, but 
even when most prejudiced and ridiculous, far more tonic and 
useful to us than the ignorant silence of & careless and indis- 
criminating age. 

This eriticism—to use the word in its largest sense, as in- 
cluding oral no less than published opinion—we may make our 
own, or we may exasperate according as we show ourselves, on 
the one side proudly impenetrable or testily thin-skinned, or on 
the other, genial and tractable, but withal assured and tenacious 
of our principles. We build, it may be for our own fame, but 
also for tho use of all that remainder of the world who are not 
architects ; and, as those who use have a plain right to criticise, 
во it is far better for them to believe that their opinions will 
reach and be considered by the men on whom they are passed, than 
to imagine themselves prejudged to be gainsayers and malignants. 
On these grounds I congratulate this Institute upon the liber- 
ality of that provision in its constitution which admits the un- 
professional element, and thereby truly mnkes us what we 
never should forget that we are, and what we should resolve 
never to cease to be—an academy of architecture as well as an 
institute of architects. The financial conditions which we im- 
pose upon the honorary fellowship, and the test of proficiency 
which we desire for honorary membership, if duly attended to, 
are sufficient to prevent the professional боге of the Insti- 
tute from being enfeebled by a liberal interpretation of the pro- 
visions of our charter, which leaves it at our discretion to 
replenish those two classes without any fantastic limitation of 
numbers. Jn опе detail only I would wish the charter had been 
somewhat different. If the Honorary Fellow deserved from 
time to time to be called to the Chair, I regret that the same 
privilege should not also have been secured for our Honorary 

ombers. 

It will not be out of place, in reference to the co-operation of 
professional and amateur lovers of architecture, if I dwell alittle 
upon the relations which have existed hitherto, and upon those 
which І should be glad to see established, between this Institute 
and the Architectural Museum, ог else some organisation fulfill- 
ing the duties of that Museum. The Architectural Museum, ав 
Таш sure you will all bear me out in saying, grew out of a real 
and acknowledged want. It was founded, in 1851, to meet a 
necessity which was even then palpable and increasing, and 
which has in the few intervening years become even more urgent, 
ewing to the growth of national wealth and of artistic literature, 
both of them combining in a remarkable manifestation of archi- 
tectural luxury. Sculpture was then beginning to revindicate 
its rightful prerogatives as the first handmaid to architecture, and 
the need was pressing for a trained school of architectural 
загтегз of a higher grade than mason's men, but still unen- 

umbered with the usual apparatus which has grown up round 
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the professed sculptor. Primarily no doubt, in the purview of 
the founders of the Institution, the demand was for a staff of 
carvers of Gothic stonework ; but still, above all, of carvers who 
should show some perception of expression, and of anatomy, 
when called upon to place a figure upon a building, irrespective 
of the figure being draped in toga or whimple, or left to the 
light simplicity of nature. The necessity of an improved school 
of wood carvers was, of course, equally apparent, and came alike 
within the scope of the undertaking. Two things were requisite 
really to set up such an institution in working completeness—a 
good collection of examples, and systematic teaching. Of these 
the collection was the one which it was easier to provide ; for its 
rudiments existed, partly in the specimens possessed by private 
hands, and partly in the facility with which the casts of desir- 
able examples could be obtained. Systematic teaching, on the 
other hand, involved the organization of a staff of masters, while 
the class to be instructed was not one which it was very easy to 
bring to school. Accordingly, the new institution came into 
existence as the Architectural Museum, and not the Archi- 
tectural Academy, with a great many casts, and a picturesque 
cock-loft wherein to store them. At the same time, as much 
teaching as could be drawn from the unsystematic friendliness 
of volunteer and often amateur lecturers was superadded ; and 
prizes to art-workmen were set on foot. Out of all these ele- 
ments the complete intended Architectural Academy of Art might 
have grown up, if only sufficient funds had been forthcoming. 
But the financial shoe never set quite easily upon the young 
museum, and, after a short though spirited period of independent 
existence, it succumbed to an arrangement which it would have 
been Quixotic, under all the circumstances, to have flouted, but 
which from the first has proved a source of numberless compli- 
cations. You need not i told that this was the mor, tic 
alliante which the Architectural Museum contracted with the 
South Kensington Museum, whereby, in return for house-room 
and certain privileges, personal and financial, the private made 
loan of its property to the public institution. Of this connec- 
tion with the South Kensington Museum I have no desire (as 
an officor myself of the Architectural Museum) to speak in any 
other than grateful terms. There have been from time to time 
rubs, but we have met with a great deal of kindness and mach 
material assistance. Still the alliance was one which carried within 
itself the seeds of failure, except upon one condition, in which 
indecd I never could вее any antecedent or theoretic incongruity, 
but which, from first to last, through many accidents of negotia- 
tion, passed into every conceivable phase of practical impossibility. 
It seemed to us that—as the South Kensington Museum was 
expanding into a wide miscellaneous national collection of 
objects, both of scientific study and of art demonstration in its 
widest signification, divisible into many branches, and respectively 
capable of being independently administered—the Government 
(which assumed the direct control of the whole institution) might 
relax its bureaucratic grasp of one of those branches, and leave 
it to be administered, under due inspection, within the walls of 
the new Museum, by a private corporation. In the Council of 
the Architectural Museum а body of men existed, willing and 
able to become the curators and directors of & national collection 
of architectural art, while towards making up that collection 
both the South Kensington and the Architectural Museums 
were stakeholders of valuable materials. From the very first, how- 
ever, my Lords of the Committee of Council turned a deaf ear to 
any such suggestion. They were anxious, вв they told us, for ап 
Architectural Museum, as an important component part of the 
great ccllection, whose name is borrowed from the suburb in 
which it has been placed, but the whole administration of that 
great and varied collection was to be, like the French Republie, 
one, indivisible and bureaucratic. They were ready to house 
the Architectural Museum casts, and to decorate those casts 
with a distinctive label of ownership, but in return we were to 
surrender them оп loan. Of this condition of things, difficulty 
was of course, with the most friendly intentions upon either 
side, the inevitable result. The vital powers of the Institution — 
its capacity of growth—were smitten with paralysis; for how 
could it even procure fresh specimens, when on the one side we 
could not be sure whether those would be well received 
by our hosts; and on the other, whether those hosts might 
not themselves be intending to take the same casts, to 
the saving of our own private purse. The resnit wae that 
while our individual casts continued, for many years, to do 
good duty as models for study at South Kensington, they did 
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so not as a valuable and distinct constituent contributed by 
private enterprise, but as scattered fragments of the general 
amalgamation of noticeable objects. The hearts of its real 
proprietors were chilled towards the collection in itself, while 
with a genuine anxiety to do justice to their favourite study, 
and to those whose contributions they were inviting, they vir- 
tually resolved the museum, while still retaining its now some- 
what incongruous appellation, into a committee for providing 
popular lectures at South Kensington on architectural subjects, 
and for stimulating the zeal of art-workmen by annual prizes. 
The lectures, many of them by persons of considerable eminence, 
were very miscellaneous in subject and treatment, and the 
audience comprised members of most diverse social classes. 
Accordingly they did much unsystematic good, in cultivating 
art-feeling, alike among the easy and the working members of 
the community. The prizes, also, which ranged over every des- 
cription of art-workmanship, have, upon the whole, decidedly 
tended to raise the workman standard, and to consolidate per- 
sonal intercourse between employer and employed, though more 
than once the particular result of the year’s competition has been 
a disappointment. Such has been the so-named Architectural 
Museum, in the days of its intimate connection with South 
Kensington. That connection is now to be severed, as far as 
the collection goes, and the society has for itself secured an ad- 
vantageous site whereon to build its own abode, close to West- 
minster Abbey. The lectures and prize giving may or may not 
be still continued at South Kensington, supposing the body to 
maintain its independent constitution; but for all practical 
purposes I believe that the Architectural Museum might advan- 
tageously abdicate a separate existence, if only some more 
powerful institution could be found willing to undertake the 
various duties which it has hitherto discharged. It is, I sup- 
ве, no secret in this Institute that a conference necessarily in- 
ormal, was held during the late session betwecn members of 
our Council and representatives of the Muscum, to con- 
sider whether the Institute could not so far expand its 
organisation as to cover the ground from which the Museum 
might then gracefully retire. This conference did not 
meet with the intention of coming to any definite resolu- 
tion; and it therefore deliberated with freedom, and broke 
up, I believe I may say, with the general idca that there was 
nothing impossible about the project—provided only that due 
care were taken not to hamper either the general funds 
or the chartered functions of the Institute by new and 
voluntary responsibilities. It would be clearly to our own 
credit and dignity, and to the advantage of architecture, if we 
were the possessors of a museum of architectural specimens, 
whether under this roof or in other convenient premises. АШ 
that would be needed would be some moderate distinct income 
from subscription or endowinent suflicient to make it reasonably 
probable that no calls would be made upon our statutable 
revenue. We should, I am sure, be all of us glad to b» the 
managers of some series of lectures of a more popular charaeter, 
and appealing to a more miscellaneous audience than our formal 
course of annual papers, provided only those lectures did not 
starve or hamper the papers; and I think we should none of us 
refuse the trouble of adjudicating prizes for those art-workmen 
on whose proficiency we are so dependent for the satisfacto: 
effect of our works, if only the donors of those rewards put it 
in our power to distribute them according to regulations 
made in concert with our Council Why then not fairly 
see whether the time has not come for a popular develop- 
ment in these three directions? Each would jm to rely for 
the sinews of war upon its own separate account; of which the 
lecture and the prize accounts, at all events, need not be very 
large, and that for the collection might, to a considerable extent, 
be self-supplying, through a system of moderate fees. Each 
might be worked by a separate committee, on which a certain 
number of our honorary fellows and honorary members might 
be invited to act, so as to give that portion of our body some 
share of administrative work, without trenching on the provi- 
sion of our Charter which leaves the government of the Insti- 
tute itself in the hands of its professional members. When I add 
that among the governing body of the Architectural Museum are 
found many of those whom we most honour and respect in this 
room, I have said enough to show how easily the change might 
be made. The Architectural Museum Soild: I believe, gladly, 
and without any haggling, hand over its collection to the Institute, 
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happy to terminate its separate existence by so useful and во 
honorable a euthanasia. 

You will, I conclude, have noticed the programme of prizes for 
the forthcoming year which the council has proposed. I beg 
briefly to direct your attention to two out of the lists of subjects. 
The first is the prize which we offer for the best design for a Gothic 
theatre. The affection which I bear for Gothic is a secret to no 
one, and I should be sorry to deny it, for I have striven not to let 
it interfere with the duty of equal administrative justice towards 
the wide world of architecture, irrespective of school and style. 
I may accordingly, without risk of being misunderstood, say 
that 1 shall look upon the responses which this proposal may 
elicit with peculiar interest. In the first place, I regard it as 
the assertion of the sufficiency (I do not say superiority, but 
sufficiency) of Gothic for any constructive need, secular as well 
as spiritual, recollecting, as we do, that men did not only pray 
but also did work, think, govern, and play, from the eighth to 
the seventeenth century. But in the second place—here speak- 
ing an individual opinion—I look upon the peculiar adaptability 
of Gothic to the modern theatre as a point which our modern 
Gothic architects have either overlooked or have not had the 
opportunity of Gevelopin . Everyone knows the type of the 
Classical theatre; a day ight place, with its receding rings of 
open benches, its official allotment of seats, and in Greece, its 
connection with stated religious festivals. The modern salle de 
spectacle, on the contrary, when true to its own type, is a 
chamber to be used by artificial and not natural light ; 1n which 
the general community does not assemble at any stated times 
and in corporate array, but by person, or by family, when and 
as it likes. Now, then, what structure best responds to this 
demand out of the various forms in which the modern theatre 
has been cast? it is one in which the necessary tiers of boxes 
stick out. like trays from the wall, or that in every lower sto 
legitimately throws up its shafts to support the one above P No 
one who considers the question can hesitate to accept the 
latter, both for beauty of appearance and constructive excellence. 
Now, then, where do we find the nearest example of such cur- 
vilinear mid-air galleries? Not in the theatre of Bacchus, or of 
Pompey, but—let no man charge me with irreverence, viewing, 
as I am, the question from a purely constructive standpoint—in 
the triforium which encircles the asp of some cathedral of the 
thirteenth or fourteenth century! No doubt the shafts will most 
often be of metal, but a metal triforium is a development of 
which the idea may be more readily found in a stone triforium 
than in a semicircle of receding benches. For these reasons I 
venture, in the name of progress and eclecticism, to call on all 
here present to aid in vindicating the theatre no less than the 
eurok as a legitimate object for Gothic treatment; at the same 
time I conjure the competitors to consider seriously how they 
may reduce the risk of fire. 

Another of our prize subjects was suggested by the proxim- 
ate meeting, of which I shall have something to say further on, 
of the Archelogical Institute in London. It is the restoration 
of old St. Paul's Cathedral. Тһе materials for the competition 
will, as all our students are I trust aware, be found in the vigour- 
ous engravings with which Hollar illustrated Dugdale's History 
of that cathedral. In them enough is given to provide the key 
to every portion of the church, as it existed in the days of 
Charles I. and the Commonwealth, but no one feature is depicted 
with an attempt at what we recognise as architectural accuracy, 
while the structure itself that 18 exhibited is St. Paul's after 

enerations of neglect, and the destructive restoration perpetrated 
By Inigo Jones. Enough, therefore, exists to give sure guiding, 
and not enough to reduce the work of the sagacious and erudite 
student to the servile labour of a simple copyist and compiler. 
It would be I am certain, a great satisfaction to the Institute, if 
any set of designs were sufficiently good to justify it in advising 
their author to publish the series, and thus bring back to the 
minds of our generation the details of a minster, which, as I 
believe, from its noble length, the solemn Norman of its nave, 
the developed and rich Gothic of its choir, and the majesty of 
proportion which the English system of a square cast-end was 
carried out must have been more like Ely Cathedral than any 
other of our known great churches. 

The recollection of old St. Paul's naturally leads to the general 
question of the conservation of ancient monuments, which we 
have wisely and boldly claimed as a portion cf our stated mission 
by the appointment of a committee specially charged with this 
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department. The case in which its exertions have come most 
prominently before the public during the past year has un- 
ortunately not been one on which we can report a very success- 
ful issue. I mean the protest which, in common with other 
societies, we addressed to the authorities of Lincoln Cathedral 
against the deplorable scraping of their noble minster. Out of 
this protest, not from our fault, nor from the fault of those with 
whose judgment we coincide, has arisen an acrimonious personal 
controversy. I, therefore, refrain from entering further into the 
details of the calamity. But, without trespassing on the danger- 
ous ground, I think we may profitably draw from it some 
Бета! lessons of an encouraging character. Granted that 

incoln Cathedral has been spoilt, it is at all events some соп- 
solation to observe that so many sections of people have so 
intelligently observed, and so strongly protested against, the 
precise manner of its spoiling. No State-restored public build- 
ing on the continent would have been so defaced by authority 
with the reclamation of more than a few unindusntial. opposition 
archxologists. Thirty years since in England itself an outburst 
of indiscriminate scraping would have been accepted by clergy 
and commonalty and antiquarians alike, as a proceeding stamped 
by anquestionsble good taste and reverence for antiquity. Iam 
well aware that since the era of restoration set in, a suspicious 
and not always quite amicable feeling has some times been 
manifested between the archwologists and the restorationist 
school of architects. The archwologists looked upon the archi- 
tects as somewhat destructive, and the architects treated the 
archeologists as rather obstructive. Happily the antagonism is 
now at an end, or I should not have alluded to it. There was, I 
fully believe, some room for either suspicion. Archeologists 
were at one time impracticable and architects reckless. Human 
nature would not have answered to its own identity had not 
these phenomena been observable. The formal recegnition of 
the pacification came from the side which was originally the 
alarmist one—that of the archeologists, and it, therefore, carries 
with itself the elements of stability. Тһе site was inthe ehurch- 
yard of Sherborne Minster, and the speaker was Professor 
Willis, at the Dorchester meeting of the Archwological Institute, 
in the summer of 1865. It is not an uninstructive illustration of 
this declaration that those who have most loudly protested 
against the Lincoln restoration have been leaders of the restora- 
tionists’ mm In other places our intervention has been 
efficacious. e stone choir screen of Christchurch Priory, 
Hampshire, necessary as it is to the impressive and nearly 
unique choir of that fine church, has been saved, for which, in 
the first place, we owe our thanks to Mr. Ferrey. The church 
of St. John, Leeds, very noticeable as being in its structure а 
grandiose and picturesque example of the revived Gothic of the 
seventeenth century, and in its woodwork one of that English 
continuation of ugue Cento, which is usually known as 
Jacobean, has also been rescued from the destroyer, and will, I 
am sure, in the hands of Mr. Norman Shaw, present a true 
example of conservative restoration. 

Another question, involving as it has done a matter of pro- 
fessional practice, as well as of the preservation of a very 
valuable ancient monument, has been taken in hand by the 
council. I mean the treatment by the Corporation of Bristol of 
the prize designs by Messrs. Godwin and Crisp for the new 
Assize Courts of Bristol, and for the preservation within them of 
the medieval house known as Colston’s. I believe that the best 
preservative against the repetition of such scandals as have dis- 
credited that and other competitions is that more general 

uaintance on the part of the public with the principles of the 
architectural profession which T have already had occasion to 
advocate. So long as the arrogance or greed of the patrons of 
any competition finds itself supported by the uninstructed publie 
opinion of persons who have never yet really learned to treat 
architects as gentlemen or men of sense, so long will the scandal 
continue. Let the world give the architect his true status, and 
then he will find himself the master of public opinion, not its 
enemy. Might it not be worth our while to publish some paper 
bearing the official mark of the Institute, short enough for the 
general newspapers to give it insertion, and clear enough for 
everyone to understand, in which we lay down certain general 
rules of competition, outside of which no architect can compete 
without losing caste, and no patrons institute & competition, 
and be able then to say that they had acted with fairness 
and generosity P 
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But I turn to a more agreable topic, and I invite you to re- 
cord your gratification at the commencement of a work of 
restoration which, alike for the beauty and value of the structure 
itself, and for the national character of the enterprise, deserves 
especial commemoration. You will anticipate that I am speak- 
ing of the Chapter-house at Westminster, and will not require 
any description or encomium of the building. The cheerful 
unanimity with which the House of Commons recognised its 
responsibility towards the chamber, in which for more than half 
the existence of that august assembly, it had been wont to 

ather, must be noticed as an eminent example of that wise love 
or antiquity to which the English People old fast. To Dean 
Trench, who originated, and Dean Stanley, who carried on the 
movement, must be accorded the tribute of our hearty thanks 
for their substantial good services. It was pleasant to observe 
that when once the squalid fittings intruded into the last century 
for the use of the public records had been removed, and the 
vestiges of the Chapter-house stood out again revealed, so much 
of the old work should have been found to be either still existing, 
or traceable from sufficient indications. Mutilated as the 
chamber was, it proved to be essentially the Chapter-house of 
Westminster, and not any modern trespasser run up within its 
walls. Accordingly the restoration is a matter of plain and easy 
architectural induction, while no doubt Mr. Scott will exercise a 
tender and conservative caution in his retention of the very 
stones and carvings of the thirteenth century, where the votaries 
of the French school of clean and perfect sharpness would have 
ruthlessly substituted that which we should have been compelled 
to accept as modern fac-similes of originals smashed up in the 
mason’s yard. It is interesting to recollect that the Chapter- 
house was cleared out just in time to enable its spproprints 
house-warming to take place, in the meeting there the 
Archsological Institute to listen to the lectures of the Dean of 
Westminster, and of Mr. Scott, ароп the Abbey. I ventured 
last year to forecast the London Congress of the Archseological 
Institute as one of the matters which ought to interest oar body 
in the course of the coming session. Iam now rejoiced to report 
not only that the congress showed itself to be a most valuable 
incentive to the philosophical study of architectural archsology, 


. but that it afforded tho occasion for an extremely gratifying 


fraternization between our own body and the Royal 

cal Institute—two societies with so much in common that a 
close alliance between them was plainly a thing to be sought 
and effected. 

I must not close without repeating the regret which we have 
already expressed at the sad and sudden death of our very 
distinguished honorary member, Dr. Whewell, late master of 
Trinity College, Cambridge. His is the only loss last year of à 
very eminent man within our own body, while English art has 
had to mourn the decease both of Sir Charles Eastlake and 
Mr. Gibson. The Pugin travelling studentship, intended to 
maintain, in memory of the great man whose name it bears, the 
study of medieval architecture, is now, I am glad to say, firmly 
rooted. It has been twice adjudicated. The first time only one 
claimant appeared, and so Mr. Tavenor Perry won it without a 
contest, Де by the paper which he produced as its fruit, he 
has shown И full worthy of the distinction. This year we 
had several competitors, with such a good array of well-founded 
claims as to make the adjudication a question of substantive con- 
sideration. 

I have mentioned some prominent questions affecting our 

ursuits, which came before Parliament during the last session. 

ther matters also engaged its attention in which we are more 
or less interested ; among them the improvement of the dwell- 
ings of the labouring classes stands first. The wholesale demali- 
tions perpetrated by different railways in London and other 
towns was the main cause which led the legislature to turn 
its attention tothe subject. Let us trust that it will be one u 
which the eyes both of the upper and the middle public and of 
the Government will be ceaselessly directed, for it is one in which, 
as a nation, we have as yet failed in our duty, both to our fellow 
creatures and to ourselves—to our fellow creatures as itis а 
matter of humanity, to ourselves as it is one of general health. 
I have also to notice the care taken for the protection of the 
integrity of the public parks and open spaces in and about the 
metropolis, noticeably shown as well in a general bill as in the 
resistance made to the erection of gasworks in dangerous 
proximity to Victoria Park. What remains of Ерріпд Forest is 
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also to pass into the category of public parks, from being trans- 
ferred from the Office of Woods and Forests which only regards 
the financial value of its trusts, to that of Public Works, which 
deals with them for the general recreation and the decorative im- 
provement of the ground. 

At last. the administration of the River Thames has been 
reformed, whether efficiently time will show, and also, I 
hope, rectify any improved. efficiency. Beneficial as this 
reform is to the world at large, it carries with itself a special 
advantage to architecture, as it will render possible the vast 
system of metropolitan improvements which turns upon the quay- 
ing of the river, about which we have all no doubt thought so 
much, and will have no doubt still to think a great deal more. Let 
me in passing congratulate the Metropolitan Board of Works on 
having laid the first stone of the Southern embankment. One 
bill received the Royal assent, to which I should desire to call 
pou attention, as the first step towards the long-called- 
or opening between Whitehall and the Palace and Abbey of 
Westminster. This act only deals with the one wedge-like 
block, in front of the new Foreign and India Offices, whose apex 
is the Irish Office, but in this case the proverb about the point 
of the wedge will, I trust, receive its literal as well as its meta- 
pono interpretation. I refrain from recapitulating single 
uildings and monuments, however noteworthy, in various 
stages of progress; but the grandiose rebuilding of an entire 
quarter of the town by the Marquis of Westminster deserves 
especial commemoration. I gave reasons last year why I re- 
garded our architectural future with bopefülhow: to these 
reasons I am able to pledge my continued and increased con- 
fidence. True to ourselves let us only be, and no selfishness, or 
stinginess, or ignorance displayed by the world, which is so 
largely our debtor, can check the architecture of Great Britain 
in its onward course of great and rapid improvement. 


— 


Mr. M. Пловт Wratr erpressed the great pleasure which he and 
all present must have derived from the President's admirable address, 
developing the features of the architcotural movement going on around 
them. lt was in the confluence of a multitude of different ciroumstances 
tending towards the general purification oftaste in this country, that 
the professora and practisers of arcbitecture might look forward with 
most confidence for the improvement of the art to which they were 
attached. Оп the part of some from congenital individuality, on the 
part of others from religious influences, and again on the part of a third 
section of devotees from dilettante or archwological promptings, there was 
an active, combined, and harmonious movement towards the general 
advance of art now going on in this country of the most auspicious 
character; and it was delightful to вее by how many simultaneous im- 
pulses or efforts all these elements were conducing to the common end 
which they all had at heart. 

Mr. James Ревоовзом, V.P., thought the President had dealt with the 
main subjects of interest of the day in a masterly manner, and that 
architectural art was attracting attention, not only amongst architects, 
but throughout the nation at large. Ере were no longer content with 
churches or dwelling houses of plain walls, pierced with holes, but orna- 
mental art was demanded everywhere. They wanted men to think, men 
to appreciate, and men to demand, and when that combination took place 
progress was inevitable. With progress we would very soon be indepen- 
dent of Gothic, Greek, or any other style of art: the publio seeing and 
learning to appreciate what was good would demand it and no longer be 
content with mere copies of extinct styles. He had no doubt the next 
ten years would witness such progress in architecture as would make it 
worthy of the nation and of the world. Іп that sense he felt grateful to 
the President for the able essay he had favoured them with. 

Mr. Свонов Gopwin, F.R.S., was happy to re-echo one of the prac- 
tical points which arose from the President's admirable address. It 
was with reference to the coming competition for the designs of great 
public buildings in London. Не looked with tbe greatest anxiety as to 
the nature of the Committee which had to decide upon those designs. 
It was a most important point. Parliament would not meet before those 
designs were sent in: whether it would meet before the adjudication 
upon them took place he could not say. Therefore efforts through otber 
channels ought to be made to obtain a proper court of adjudication. It 
was nonsense to éxpect three or four amateurs— whether noblemen, 
honourablea, or simple members of Parliament—to judge of the merits 
of such designs es those which were going in. Such, of course, could 
only produce dissatisfaction, and it was to be feared bad results for the 
country. They had but to look at the constitution of juries on such 

matters in France. A certain number of literary men, a certain number 
of painters and sculptors, two or three men of intelligence representing 
the publio, and a certain number of architects formed the jury. There 
was seldom any question аз to the decisions of those juries; and with 
that fact before them, coupled with the further fact that almost every 
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adjudication on public art-works here did disappoint the public, it should 
lead the ruling powers to appoint a proper jury in which the country 
would have confidence. He was therefore anxious that some course 
should be taken to appeal to Mr. Cowper. He believed Mr. Cowper 
was still a member of the Committee of adjudication, which was com- 
posed of a cortain number of gentlemen for whom he had the highest 
respect, but to commit to them the final decision upon the plans for the 
National Gallery and the new Palace of Justice, could only ensure a 
failure. Therefore he thought some memorial should be addressed to 
the right quarter, asking for a proper jury to adjudicate upon this 
matter. On this subject he hoped Е expressed the opinion of the mem- 
bers generally. Halfa dozen other subjects of interest were embraced 
in the President's address: amongst others that of the Architectural 
Museum. That institution was parting from the Government; he 
regretted it, but supposed that it could not be avoided: they must not, 
however, part from the Architectural Museum. If the Government 
would not maintain it, the architects, the art-lovers, and the art-workmen 
of the country must до во. There was now an opportunity to put up a 
suitable building, and they must endeavour to find the money for it, 
and he favoured the notion hinted at of bringing this Institute to take 
charge of it. 

A voto of thanks to the President having been passed by acclamation, 

The Pagsrpent said he had received the greatest and highest reward 
that any author could do in feeling that what he had said had been 
acceptable to those whose good will and respect were so dear and 
precious to him. With regard to what had fallen from Mr. Godwin, he 

eartily echoed all which that gentleman had said as to the necessity for 
в proper tribunal to adjudicate upon the two forthcoming competitions. 
He would try to explain how the matter stood. He was afraid, unless 
some alteration were made by the present Government, those six selected 
names must be the stereotyped judges of the competition for the New 
Law Courts, as their appointment was part of a parliamentary arrange- 
ment. No judges, he believed, had yet been named for the competition 
for the National Gallery, but that the matter rested in the hands of the 
present First Commissioner of Worke. He could assure them from 
what he knew of Lord John Manners, that the minister was fully alive 
to his responsibity, and that the most earnest and anxious care would be 
devoted by him in the selection of a proper tribunal of adjudication. At 
the same time Lord John Manners’s hands would undoubtedly be 
strengthened by an expression of the feeling of this Institute euch ав had 
been suggested by Mr. Godwin—not worded as doubting his lordahip's 
will and desire, but as anxious to support him in appointing such a 
ody of judges as would be satisfactory to the competitors and the 
Em іс at large, and which would carry with it the earnest of a good 
uilding for the purposes to which it was to be devoted, The judges 
of the designs for the new Law Courts were nominated by Mr. Glad- 
stone, Mr. Cowper, and Lord Cranworth. Тһе Law Courta were to be 
carried out by a special commission named in the Act of Parliament. 

Mr. Diony Wratt suggested the propriety, upon the designs being 
sent in, of the lay judges so nominated procuring immediately а profes- 
sional report upon them to assist the adjudicators in their labours. It 
was highly desirable that they should be put into possession of such 
information as an experienced architect could alone give them, not only 
before they should decide, but even, if possible, before they should com- 
menoe their own examination of the drawings submi 
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Metallurgical Industry іп Belgium.—The iron works in the 
district of Charleroi have for this year realised handsome profits, 
in spite of a slight augmentation in the price of labour, as well 
as in fuel. Great progress has been made in the manufacture 
of pig iron. Last year’s production may be estimated at about 
500,000 tons, of which scarcely 10,000 tons were exported, whilst 
on the other hand 25,000 tons were imported. Thus, the 
Belgian pig iron, which formerly served to supply the German 
and French iron works, is almost entirely used up in its own 
country. It is not now sufficient even for home consumption; 
and in general the trade has no cause to be dissatisfied with the 
reduction of import duties, that are now only 6 francs per ton. 
All the Belgian pig iron is worked up in the country, and it only 
goes out in the state of malleable iron. This is of considerable 
advantage for the blast furnaces, which in this manner are no 
longer tributaries to foreign markets. This indicates at the 
same time an extraordinary progress in French trade. Belgium, 
in 1865, exported 57,000 tons less, and imported 120,000 tons 
more than in the preceding year. Free trade and the facilities 
of transport have given an impetus to the mineral districts of 
France. The situation of the mineral industry of the Charleroi 
district would leave nothing to be desired if the low price of coal 
was maintained; but since the end of last year there bas been a 

adual rise, which begins to press heavily on manufacture. 

rench markets for fuel are only obtainable with an augmenta- 
tion of 20 to 25 per cent. on those of last year. 
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THE DESIGN AND ARRANGEMENT OF RAILWAY 
STATIONS, REPAIRING SHOPS, ENGINE SHEDS, &c. 


Ву Упллам Номвие, Assoc. Inst. C.E.* 


Тик rapid development of the railway systems in England 
and in other countries, has necessarily directed attention to the 
study of station arrangements; but the diversity of interests to 
be considered, the changes involved by a constantly increasing 
traffic, and the new aul unexpected demands that have been 
made for accommodation, have prevented, in this instance, that 
general exchange of idea which has attended the progress of 
other branches of engineering. Hence the subject was not 
regularly brought before the engineering profession until a com- 
paratively recent date: when, in 1858, a comprehensive Paper 
on railway stations was read at the Institution by Mr. R. Jacomb 
Hood, M. Inst. C.E.t So far as regarded terminal and inter- 
mediate stations, that paper touched upon most of the points of 
importance; but to one class—the arrangement of which is 
perhaps the most difficult of any that the engineer can be called 
upon to undertake—no reference was made. At New-street, 
Birmingham, there is а description of station neither entirely 
ferina] nor entirely intermediate, but which may be termed 
** terminal-intermediate,” as being a combination of both kinds. 
There is also another part of the subject requiring special notice, 
viz., that of goods and locomotive stations, which Mr. Hood was 
compelled to leave untouched. It will be the main object of 
this paper to supply information upon these heads, by submitting 
the details of the princi metropolitan and other railway 
stations, both terminal and “ terminal-intermediate." 

The classification adopted by Mr. Hood, viz., that of passenger 
stations; goods yards, wharves, and depóts; locomotive and 
carriage sheds ; manufactories and workshops, will be adhered 
to. с latter classes will be illustrated by the goods station of 
the London terminus of the Great Northern Railway, the 
Battersea workshops of the London, Chatham, and Dover Rail- 
way, and the carriage and wagon factory of Messrs. Brown, 
Marshall, and Co., at Birmingham. 

The leading principles to fe observed in general, are—prox- 
imity to the town, or most popular part of the neighbourhood 
which the stations are to serve; facility of access; and available 
space for pus and future requirements. Each of these is 
capable of being further subdivided. 

ith regard to the first two requirements, it is desirable that 
terminal stations should be as near as possible to the great 
central avenues of traffic, without being actually in them; for in 
the latter case, the traffic of the thoroughfare and that of the 
railway would beeome intermixed, and thereby impeded, For 
stations gencrally, a site should be selected where the surface of 
the grouud is near to the level of the platforms, and if this be 
not practicable, inclines should be formed, and a sufficient space 
excavated or embanked, in order to carry on the works on a level 
with the platform. All steps, gangway ladders, &c., should be 
dispensed with; the use of them is only justifiable where no 
other plan can be adopted. Beyond tho station, however, a 
variation of the surface will be an advantage, by enabling level 
crossings in the streets and roads to be avoided. The possible 
contingency of having to extend the line, or to enlarge the 
station, should also be provided for, by a careful inspection of 
the surrounding and contiguous ground, and by laying out the 
first plans in such a manner as to admit of this enlargement, 
without involving the destruction of any permanent building, or 
the disarrangement of the existing accommodation. Upon the 
observance of these conditions will greatly depend the power of 
limiting the expenditure of money, and of abbreviating the time 
required to carry out improvements. 
erminal passenger stations are usually arranged under one of 
three systems—thatin which the booking-offiees are placed on 
the departure side; that in which their situation is at the ends 
of the lines of rail, and transverse to them ; and that in which 
the lines of rail diverge into а fork, having the offices between. 
Examples of these systems nre to be seen at the Victoria Station, 
Pimlico, and at the Euston Terminus of the London and North 
Western. The Victoria Station may be regarded as illustrating 
two principles, that part of it occupied by the London, Chatham, 
and Dover Company having the booking-offices on the departure 


* Read before the Institution of Civil Engineers. 
t Вее С. Е. and A. Journal, vol. 21, 1555, p. 201. 
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side, and that belonging to the London, Brighton, and South 
Coast having them at the end of it, and at right angles to the 
raila. There can be no doubt that the first plan affords, in the 
words of Mr. Hood, “ facilities for giving the greatest length of 
setting down pavement," and is useful for a system of traffic in 
which the trains are very extensive, and arrive and пет at 
distant intervals. But though a large amount of platform 
accommodation is of importance, it is а question whether the 
length of the arrival platform should exceed that of the longest 
train. A departure platform, so proportioned, has the recom- 
mendation of readily admitting a second train behind the one 
about to start ; yet, without great attention, the attempt to book 
for two trains at the same time will lead to confusion. Some- 
times the platform is arranged in steps, with a view to assign a 
distinct line of rails for each train, but by this plan some of the 
trains become inconveniently distant from the booking-offices, 
and the portion of the line between the head of the last train and 
the departure end of the shed is comparatively useless. Where 
the traffic is of a mixed character, involving the despatch of 
trains to different parts in quick succession, the second system 
is no doubt the best; and is, indeed, perfectly fitted for an 

та с, if the shed be capable of containing the longest train whic: 


the traffic will require. This system also secures a great width 
of frontage, and allows of the booking-offices being distinct, and 
opposite their several platforms. It is possible, however, that 


at terminal stations in large towns, a combination of the parallel 
and transverse systems might be employed with advantage. The 
third prineipal is illustrated by the Enston Terminus. The 
ample area of the great hall, with the booking-offices on each 
side, is conducive to the comfort of the passengers ; but the plan 
of placing the departure platforms on either side, and starting 
the trains from both, seems open to the objection of causing con- 
fusion. The London Bridge Station of the South Eastern Rail- 
way, before the extension of the line to Charing Cross, may be 
cited as an instance of how an immense traffic can be worked in 
an inconvenient and a restricted space, by a combination, to a 
certain extent, of the three systems. Accommodation was thus 

rovided for the South Eastern main line, and the North Kent, 

Aid Kent and Greenwich lines. Nowhere were so many traing 
despatched in the same time as from this station; and it is 
doubtful whether, except by the plan which was adopted, such 
an extensive and complicated traffic could have been conducted. 
It is not, however, intended to adduce this station as a pattern 
of arrangement, for its history is that of a gradual adaptation to 
successive requirements. 

The through, local, and exeursion traffic should each be 
distinct, so that a passenger, оп entering the station, may at once 
see where to obtain his ticket and find ha train. Every facility 
should be afforded for receiving, labelling, and despatching 
luggage. Too much attention can hardly be paid to this 
detail and also to the situation of the left luggage and cloak 
rooms. Those at the Paddington Station of the Great Western 
Railway are уегу convenient. Waiting and refreshment rooms 
should be of ample size, and readily accessible. It is well to 
separate the in and the out parcels offices from the general 
най с; and this ean mostly be done by placing them at the end 
of the platform furthest from the passenger and carrisge 
entrances, as at King's Cross and at Paddington. The lamp 
rooms should serve both for the arrival and the departure 
trains, as at the Great Western at Paddington, where their 
position is below the platforms and lines, the lamps being raised 
aud lowered by hydraulic lifts. 

In the urinals, &e., for passengers, slate has been generally 
used, but it does not appear to be so well adapted for cleanliness 
as white enamelled slabs or glazed tiles. Both closets and 
urinals should be arranged to perform the maximum of duty 
with the minimum waste of water. The small glazed basins 
require less than half the quantity of water needed in the alate 
arrangement, besides being always free from bad odour. At 
the Knottingly Station, where the two plans are in use, the 
superiority of the former is obvious. Closets should flash on 
opening and shutting the door, and the walls should be lined 
with а material not easily defaced. Lavatories for the use of 
first and second class passengers might, at both terminal and 
junction stations, advantageously be provided, and would, no 
doubt, be largely used, even if a small charge were made. The 
platforms for passengers should be spacious. For through 
traffic, at terminal and junction stations, the width should not 
be less than 30 feet. 


‘or local trains, docks may be taken out 
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of the extreme end of these platforms, as at King's Cross, 
leaving the wider part of the platform for the long trains. In 
order that the passengers may enter and leave the carriages 
easily and safely, it is essential that the platforms be level with 
the floors of the carriages, or certainly not below the upper step; 
many accidents have arisen, and the passengers in their ingress 
and egress are much impeded, by the neglect of this precaution. 
The stations of the Metropolitan Railway afford good examples 
of arrangement in this respect. Turn-tables should not be 
placed on the main line, or where engines or trains pass over 
them when not in use, as the ends of the rails and the rolling 
stock are injured by the constant hammering of the wheels. 
The use of traversers, especially when light and easily worked, 
cannot fail to conduce to economy. 

At terminal, terminal-intermediate, and large junction stations, 
where there is space available, the greater portion may be roofed 
in, as that part not required for the traffic will be found useful 
as standing room for empty carriages. If it be not possible or 
expedient to construct the roof in one span, the intermediate 
рта should be placed in the centre of a wide platform, in 
order to be free from the danger of collision, in the event of an 
engine or carriage getting off the rails. An accident of this 
description occurred a few years since, at the Bricklayers’ Arms 
Station, where the roof was, in consequence, to a large extent 
destroyed. The height of a station roof is of far more im- 
portance than has hitherto been supposed; when it is very low, 
no contrivance can secure a proper amount of ventilation. The 
general impression, that a hai ding roofed with iron and glass 
must be exceedingly hot during the summer months, has pro- 
bably arisen chiefly from the insufficient height which is some- 
times given to such structures. Gas, throughout all stations, is 
preferable to any othcr means of lighting; and there are few 
places where it cannot be employed with economy. At road- 
side stations, or where there are no works in the neighbourhood 
whence a supply can be obtained, the cheap and simple apparatus 
manufactured by Messrs. Porter and Co., of Lincoln, may be 
advantageously used. А+ all terminal and бөріні ate ane dide 
stations, there should be a siding under cover for engines in 
steam, and every facility should be provided for coking and 
watering. 

Terminal-intermediate and junction stations should have plat- 
forms, for through passenger traffic, on both sides of the main 
line, to avoid the confusion which results from having them on 
one side only, as at Taunton, Reading, and Perth. At the 
latter place, although it is & junction station for the Inverness, 
the Perth and Dundee, the North British, the Scottish Central, 
and the Scottish North Eastern Railways, the whole of the 
traffic of thirty-two trains per day, each way, is worked upon 
one through line, causing a great amount of inconvenience, 
which might have been avoided by placing the station upon one 
of the roads, instead of midway between them as it now stands. 
There are, however, two docks, one at each end of the platform, 
for those trains which commence and finish thcir journey at 
that station. The ntility of this arrangement, as enabling 
passengers by local trains to alight on the platform for through 
traflic, and vice versá, has been already pointed out. It will 
prove a great accommodation also at these stations to have two 
through lines in the centre, and sorting sidings for the mineral 
and goods traffic. At all stations these two latter departments 
should, if possible, be distinct. 

At roadside or intermediate stations, the best site for the 
booking-offices is of course оп that side of the railway whence 
the greatest amount of traffic may be expected. If the station, 
however, be at & point where the line runs in a deep cutting, it 
is then judicious to place the offices over the line, which may be 
done by widening the road-bridge. Тһе platforms are most 
conveniently arranged when the lower end ofthe one serving the 
ор line is oppone the upper end of that for the down line. No 
platform should be shorter than the longest train; nor should 
it terminate abruptly, but with a slope. At these stations the 
company will find it their interest to provide a residence for the 
clerk in charge; he will be near at hand in case of emergency, 
and his remaining on the premises will afford greater security to 


Property: : "E 

e next part of the subject to be considered is that of goods 
y&rds, wharves, and depóts. А terminal goods station may 
either be attached to and form part of the passenger-station, 
though distinct from it, or it may be placed at a distance, and 
enclosed within its own fencing. It is importaht to take advan- 
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tage of water carriage, and to locate the station where the easiest 
access may be obtained. Ample space for vans and wagons 
should be provided in the yards and sheds, and also at the 
entrance gates and in the roadway, to prevent crowding, and to 
diminish the risk of accident. The platforms for arrival and for 
departure should be distinct, and of ample width, with an 
abundance of hydraulic crane power, to facilitate the loading, 
unloading, and sorting of goods ; whilst Ше clerk’s office should 
be so arranged as to allow of easy supervision. The lines and 
turn-tables should be so disposed, that the trains may be made 
up with facility and economy, and that the necessity for shunt- 
ing with engines may be avoided as much as possible. In some 
small terminal stations, and at road-side stations, it is found 
convenient, and conducive to a saving of cost and of time in 
working, to place the goods sheds close to the station, so as to 
enable the station-master to have ready access to this part of the 
traffic. In all cases the shed should be parallel to the line, that 
trains may be shunted into it, and the use of turn tables be 
avoided. The goods sheds, and the various buildings connected 
with them, should be arranged to lock up when not used; by 
this means the expense of a watchman is rendered unnecessary, 
and safety from pilfering is greatly increased. This plan is 
adopted with excellent results on the South Devon and Cornwall 
Railways. The other requirements of goods stations will receive 
more detailed notice in the description of the plans which have 
been selected as illustrations of the subject. 

The development of the railway system has necessitated that 
all important lines should be provided with three classes of 
establishments—for manufacturing, for maintaining, and for 
storing the rolling stock, at one or more points. At the first, 
the locomotive and carriage shops, all the construction and 
renewal of plant is performed ; in the second, the running shops, 
small repairs, such ав are required by daily wear and tear, are 
carried out; and the third, or engine and carriage sheds, are for 
receiving the rolling stock when not in use. Great care and 
forethought are required in the selection of suitable situations 
for these offices ; for if any error be committed, a constant, in- 
creasing, and unproductive expenditure is certain to be incurred. 
The most eligible locality for the locomotive and carriage shops 
is where labour and materials can be most cheaply and readily 
procured. Considerable study should also be bestowed upon 
their arrangement, so as to allow of the economic application of 
labour in the conversion of the material. It is obviously a great 
evil so to design them, as to necessitate unremunerative hand- 
ling and shifting. The raw material should enter at one end of 
the shop, and pass on through its successive stages and pros 
cesses, till it comes out complete at the other end. It is 
advisable, in all cases, for the District Superintendent of the 
locomotive and rolling stock to reside near the works, and to 
have them constantly under his supervision. Carriage running 
and repairing shops, when as close to the terminal stations as 
possible, are in the best position for avoiding waste of time, and 
wear and tear of stock. The disadvantage of placing them at 8 
distance is exemplified by the Waterloo Station of the London 
and South Western Railway. The trains are made up at the 
terminus, where there is a small amount of standing-room, while 
the carriage sheds are at the Falcon Junction; in consequence 
of which nearly all the sparc carriages have to be taken four 
miles, when emptied, and to be brought back again when re- 
quired for service; and it is calculated that engines and empty 
carriages run in this way several hundred miles per week. 

Engine and running sheds appear to be of three descriptions 
—rectangular, circular, and radad or fan-shaped. The circular 
shed is used by the Midland Railway Company, and the 
rectangular and radial by the Great Northern. The objections 
urged against the last are the length of line and the extent of 
ground occupied; but this is in a great degree obviated by 
placing the running shed in the centre, in front of the repairing 
shed, thus utilising what, without the running shed, would be a 
waste of space. Another objection is, that all the engines must 
pass over one pair of points; but this is not so serious as that of 
the single turn-table in the centre of the circular shed. In both 
cases, to guard against delay from accident, a few engines in 
steam should always be kept in covered sidings at the station. 
The accommodation afforded by the rectangular building in the 
centre of the fan is equal to that of the circular, though the area 
covered by the latter is nearly one-third more. There is no 
doubt, however, that the rectangular system requires a greater 
extent of permanent way; but this is partly compensated by 
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the less costly nature of the building. The semicircular shed, 
on the fan-shaped system, can easily be compared with the 
others; the only superiority it possesses over the circular is, 
that of having but a portion of the radius covered. On the other 
hand, it involves a great length of extra road from the turn-table 
when опе is used, as at Battersea, and should that get out of order, 
all the engines must remain in the shed until the defect be 
remedied. An engine shed should be lofty, well ventilated and 
lighted, and sufliciently spacious to allow the men to pass 
readily between the engines and the walls. Engine pits, pro- 
perly paved, by the side of each line of rails in the shed, will 
afford free access to the machinery under the boiler when clean- 
ing and repairs are needed. The best form for the bottom of 
the pits is convex ; and the drainage should be from the sides, 
taking care so to construct the drains, that if any one pit should 
become choked, the working of those in any other would not be 
interrupted. For dropping and cleaning the fires, similar pits 
should be provided outside the shed, where the dirtier and 
rougher work can be performed. Plenty of water, with a good 
pressure, and accessible at suitable places by means of hydrants 
and stand-pipes, should be supplied, together with hose and 
conveniences for cleaning and washing the boilers. аар 
shears, or overhead traversers, with powerful tackle, will be 
found of great service in every shed. By their aid an engine 
can be lifted and slung, so that the strain is distributed equally ; 
they are therefore preferable to jacks, which concentrate the 
strain immediately over one point. The new shops at Nine 
Elms, of the London and South Western Railway, designed by 
Mr. Joseph Beattie (М. Inst. С.Е.), and tho engine sheds at 
the Bishop's Road Station of the Metropolitan Railway, by Mr. 
Fowler (President Inst. C.E.), are supplied with traversers 
worked by steam power. These effect a great saving of space. 
Тһе employment of duplicate traversers, working from each end, 
to prevent delay in the case of a break-down, will no doubt, 
ultimately be adopted. The coke furnace should serve for the 
largest number of engines with as little movement of the lighted 
fuel as possible. The waste heat can be utilised for drying the 
sand to be used in the locomotive boxes, and for heating the 
sheds during the winter months. The coke platforms and the 
water eranes should be close to the lines leading into, or out of 
the sheds, so as to be accessible without shunting; and the 
stores in general should be adjacent to the repairing and run- 
ning sheds, and planned with а view to prevent any material 
being taken in or out, without passing under the notice of the 
storekeeper. 
The different kinds of stations belonging to the railway 
system of this country, their requirements, and some of the 
rinciples involved in their construction, having now been briefly 
escribed, it is proposed to refer in detail to the following exist- 
ing stations, which are considered to embody most of the points 
touched upon :-—The Vietoria Station at Pimlico, for the London, 
Chatham, and Dover, and the great Western traffic, from the 
desi of Mr. Fowler, President Inst. C.E.; the Victoria 
Station at Pimlico, for the London, Brighton, and South Coast, 
and Crystal Palace traffic, from the design of Mr. Jacomb Hood, 
M. Inst. C.E.; the London and North Western Railway ter- 
minus at Euston-square, by the late Mr. Robert Stephenson, 
M. Inst. C.E.; the New-street Station, Birmingham, belong- 
ing to the same Company, and the Stafford Station, also on the 
London and North Western Railway, both from the designs of 
Mr. William Baker, М. Inst. C.E.; the Newton Junction of 
the South Devon Railway, from the design of Mr. P. J. Mar- 
gary, M. Inst. C.E. ; the goods station of the Great Northern 
ailway, at King’s Cross, from the design of Mr. Joseph Cubitt, 
У. Р. Tout. C.E.; the London, Chatham, and Dover Railway 
workshops at Battersen, from the design of Mr. J. Cubitt and 
Mr. F. T. Turner, M. Inst. C.E.; and the railway carriage 
factory and workshops of Messrs. Brown, Marshall, and Co., 
Birmingham, from the designs of Messrs. Marshall and Ross. 
At the Victoria Station of the London, Chatham, and Dover 
and the Great Western Railways, the booking-offices, &c. (at 
the entrance to which is a covered carriage-way), are on one 
side of the station. The waiting-rooms are conveniently placed 
near the booking offices, and the refreshment-rooms are large 
and well appointed. The parcels traffic is satisfactorily pro- 
vided for, the out-parcels, in-parcels, and left.luggage offices 
ing very commodious. The а running into the station are 
of mixed gauge; and three trains can be prepared to start at 
the same time. There are two departure platforms (one of 
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which is worked double), and two arrival platforms, with a cab- 
road between. Оп one of them is the Customs-office, for the 
Continental traffic. Connected with the station are sidings for 
spare carriages, a water tank, a coke platform, and an engine 
turn-table. The cab-road has only one point of ingress and 
egress, an arrangement which is objectionable, from its tendency 
to cause confusion. The roof is in two spans, and the suppor*- 
ing columns are placed between two lines of rails. 

At the West End Terminus of the London, Brighton, and 
South Coast Railway, at the same place, the booking-offices and 
waiting-rooms are placed at the dud of the station, and at right 
angles to the lines of rail. There are separate offices, platforms, 
&c., for the Crystal Palace traffic, to prevent crowding. Between 
the arrival platform is a cab-road, having a distinct entrance and 
exit. 

At the Euston Station, the booking-offices are placed on one side 
of the large entrance hall, from which access is gained to the two 
departure platforms. A glass roof shelters the entrance to the 
station. the New-street Station, Birmingham. is terminal- 
intermediate ;—intermediate for the London and North Western, 
and Midland Railways, and terminal for the Stour Valley line. 
Jt is in a cutting between two tunnels. The two main lines run 
viek the centre of the station, and the platforms are ap- 
proached by sidings, so that through trains are not stopped by 
the station traffic. The principal booking-offices are over the 
refreshment-rooms, and on a level with the bridge by which 
access is gained to all the platforms. The way is indicated by 
boards, at the top of each staircase leading from the bridge to 
several platforms, where fingerposts are placed to point out the 
destination of the several trains. An iron and glass roof, of 
considerable height, covers the station in one span. 

The Stafford Station, recently erected, is terminal for the 
Trent Valley, and Shropshire Union trains, and intermediate for 
the London and North Western Railway. Two main lines run 
through the centre, the platforms being approached by sidings. 
There are docks and sidings for the arrival, departure, and 
marshalling of trains for the London, Birmingham, T'rent Valley, 
and Shropshire Union lines. At the North end are the painting- 
shop, enginc-house, and all the usual conveniences required at a 
terminal station. Ata short distance from the passenger station 
are the goods station and the sorting sidings. These it is be- 
lieved, were first introduced by Mr. W.B. Barlow, M. Inst. 
C.E., on the Erewash Valley Railway, near Derby. When & 
mineral, or goods train arrives at Stafford, composed of tracks 
going to Birmingham, or to stations on the Stour Valley, or to 
the Shropshire Dion lines, the trucks are detached and put into 
their respective sidings until в suffieient number is obtained to 
form а train. This arrangement saves time, and enables thirty- 
six goods trains to be dispatched from this station in the course 
of twelve hours. There are in all five sidings, two on the up- 
side of the main line; but these are found insufficient to accom- 
modate the traffic; two for the coal-trade of the town; and 
there is one to the cattle wharf. 

The Newton Junction Station is terminal-intermediate for 
the South Devon Railway, and a junction for the branch to 
Torquay and Dartmouth. It is very conveniently arranged. 
The approach is by a single line of railway at one end; and 
there are three platforms—two for the main line traffic, and one 
for the Torquay and Dartmouth branch. Each‘ platform is 
easily reached by means of а bridge over the rails. The princi- 
pal offices are on the up-side ; and there is a small waiting-room 
on the central, or Torquay platform. Near the station are the 
repairing-shops, engine-sheds, goods-warehouses, &c. The 
carriage repairing shops, are supplied with. а traverser, b 
which the carriages are deposited on а short rail connected with 
a large ішінде at the end, and are then turned оп to any 
line, when required for use. 

The goods station of the Great Northern Railway at King’s 
Cross, comprises coal depóts and wharves, potato stores, engine 
sheds, repairing sheds, stores, stables, and all the necessary 
offices, buildings, and appliances required for the goods and 
mineral traffic ofthe Company. A portion of this site is used by 
the Midland Company, who have their goods warehouse and 
running shed on one side. The goods shed of the Great 
Northern Railway is placed at the south end, nearly in the 
centre of the station yard. There are fourteen lines of rails run- 
ning into it ; and there is a platform on each side for the receipt 
and despatch of goods. Оп the outside of the гай, but within 
the building, space is reserved for the vans engaged in collecting 
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and distributing the goods. The outer line of rails on the east 
side of the platform is used for unloading the trucks with the 
inward goods; and that on the west side for loading the outward 
goods. The inner lines nearest to these are used for the arrival 

oods trains, for empty trucks, and for making up trains for 

eparture. The trucks, after being unloaded, are taken, by 
means of turn-tables and cross-roads, to the departure side of 
the station, where the business of loading and despatching them 
is carried on. The platforms are commodious, aud each have 
two rows of hydraulic crancs, of alternately one and two tons. 
The receiving-offices are on the platforms, but the general offices 
are adjacent to the main building. The stables are under the 
platforms; by which arrangement а great saving of space is 
effected. The granary is at the south end of the goods shed, 
through which it is approached by two lines running through 
the centre; two other lines, one on each side of these, being 
reserved for full trucks. When emptied, the trucks аге 
removed by two lines, which run one on each outer side of 
the goods shed. The latter and the granary are supplied 
with water-communication through tunnels under the roads, 
to а basin on the south; and thence by the same means 
with the Regent’s Canal, so that lighters can receive or 
discharge their freights directly under these buildings. Оп 
the west of the goods shed are the coal depéts and staiths ; 
and а coal and a stone dock, also connected with the Regent's 
Canal Adjoining, are numerous private wharves for bricks, &c. 
On the north are the engine, repairing, and carriage-sheds. 
"There are eleven lines in the centre, at the extremity of the fan, 
in the repairing shed, with shops in the rear ; seven lines on the 
south, in the locomotive painting-shed ; and seven on the north 
in the carriage-shops. ‘The running shed is placed in the centre 
of the fan, іп front of the repairing shed, with which it communi- 
cates by through lines неа by means of a traverser. The 
potato-store and market occupy the eastern portion of the station, 
and are near the Midland goods shed. The whole is conveniently 
arranged, and the site is well chosen. 

The locomotive workshops of the London, Chatham, and 
Dover Railway are situated near the Stewart's Lane station, on 
the Metropolitan extension of that line. The works proper are 
enclosed by a wall. At the entrance from the railway, there is 
а building on the right, for the timekeeper and police. A single 
line connects the works with the main fine by means of points 
and crossings. Two parallel lines, running east and west, are 
connected with the several buildings by turn-tables. On the 
north of these lincs is a range of buildings, containing the engi- 
neer's offices, boiler-house, coal-store, grinding-shop, and turning- 


shop. On the south, under ono roof, are the boiler-maker's shop . 


and the lamp room. On the westis the erecting-shop, containing 
ten stalls on each side for engines, and a traverser which runs 
north and south. On the west of this building is a hooping and 
tyring shop, with a traverser connecting twenty lines near the 
north end of the carriage and wagon shop. Further west are 
the saw-mills; and near these at the extreme west, the engine 
for working them, and also a drying house and a boiler house. 
On tho south of the several buildings just enumerated are the 
stores. There are roads for spare trucks, &c., connected with 
the main line, and having а separate entrance. Adjoining the 
works, but not within the пране are the repairing shops, 
and a semicircular running shed, struck with a radius of 150 
feet, only the outside 50 feet being covered. Within this build- 
ing are twenty-one stalls for engines with their tenders. The 
turn-table in the centre is not covered, nor the forty roads 
radiating from it, each of which is sufficient for an engine and 
tender. It is connected with the main line by three separate 
roads. At the back of this shedisa shop for running repairs, 
with smithy, engine and boiler house, and engineer’s and fore- 
man's offices. line of rails connects the above shed with the 
works, through an engine weigh-house. 

The Britannia Carriage Works of Messrs. Brown, Marshall, 
and Co., of Birmingham, may be taken as successfully embody- 
ing the two great requirements of such premises, viz., suitability 
of site, and convenience of arrangement. 'lhe communication, 
by rail and water, is free and uninterrupted ; for a level junction 
with the London and North Western line, with ample siding 
accommodation, beside large wharfage on the Stafford and Bir- 
mingham Canal, affords access both to London and Liverpool. 
Their position is also central in regard to the district from which 
the necessary materials are obtained, being close to the borders 
of the Staffordshire coal and iron fields. 
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On the left are two smiths' shops, parallel with the public 
road beyond. Тһеве are intended for the supply of iron-work 
only ; this arrangement has proved advantageous, by obviating 
the necessity of interfering with the progress of the carriage 
work. To the right of the smiths’ shops are the bolt shops and 
the fitting shops ;1n the former all bolts are forged and screwed, 
and plates bevelled. The saw-mill and log-mill adjoin; here all 
the wood-work is planed, tenoned, and mortised, before passing 
into the carriage and wagon shops. In each of the latter are 
eight lines of rails and a traverser communicating with the 
siding. The carriage painting shop is placed next the erecting 
shop, and communicates with it, but is sufficiently removed from 
the smiths’ and the fitting shops to be free from dust or gases. 
It has four lines of rails, communicating with the traverser just 
mentioned ; and has attached to it the paint stores and trimming 
room. The carriage-body shop and wagon repairing shops, are 
provided with a traverser through the centre, and communicat- 
ing with the siding. The general stores stand in front of the 
wagon shop. А building in the yard is the shipping stores, 
where the packing and marking are completed. e Pario d 
and cases are run upon a tramway, to a crane placed by the 
inner siding. 

The foregoing have reference only to systems and establish- 
ments now in undoubtedly successful working. It should be 
understood, that it is impossible to lay down rules which shall be 
applicable to all railway stations. The formation of the ground, 
the nature and extent of traffic, the capital to be expended, 
and the views entertained by the directors and the traffic 
manager, will inevitably modify the arrangements in each case. 
Some requirements, certainly, are common to all stations, while 
others are only exceptional; but even in those which are more 
onless indispensable, no absolute rule can be given. Much 
therefore, must always be left to the skill and adaptive power of 
the engineer. Усё the Author would remark, in conclusion, 
that if, in addition to the essential qualities of a station—spa- 
ciousness, cleanliness, accessibility, and light—the trains are 
frequent, the fares moderate, and even low, and if attention be 

aid to the comfort of the passengers, the results can scarcely 

il to be satisfactory. 

————9——— 


DEPOSITION OF METALS. 


The following is the aecount given by Dr. Dullo, in the 
Journal d'Industrie, of the method ge in Germany for 
covering cast-iron objects with copper. The surfaces are cleaned 
with a brush and hydrochloric acid, and the objects are then 
left in water slightly acidified; they are afterwards placed in 
a bath composed of 25 grammes of oxyde of copper, 170 
grammes of hydrochloric acid, a quarter of a litre of water, 
and half a litre of alcohol. A regular deposit of copper 
takes place on the surface of the iron, the rapidity depending 
upon the proportion of the alcohol, which is the active agent, to 
the other ingredients. The iron may be coated with the aid of 
pure alcohol only, but in this case the deposit is very thin, and 
in the form of chloride of copper, which is converted in the end 
into metallic copper. ‘The chloride which adheres to the surface 
should be carefully brushed off after the operation, and the 
surface dried. If iron thus coated with copper is placed in a 
bath consisting of 10 grammes of chloride of iron and 1j litre of 
alcohol, in contact with metallic zinc, the surface is covered 
with a fine silvery deposit, which adheres firmly to the copper. 
Copper may also be covered with a layer of antimony by the 
following process :—Dissolve chloride of antimony in alcohol, and 
add hydrochloric acid until the mixture becomes clear, clean the 
copper well, and leave it in the bath for three quarters of an hour. 
The effect of the alcohol in the preceding processes is thus 
explained; it moderates the precipitation of one metal from its 
solution by another metal, and causes the precipitate to fall in 
an extremely divided state; when alcohol is used alone, without 
water, the coating of copper thrown down is reduced to 
the last degree of tenuity. It is recommended that when 
the work is finished it should be well washed, first in water, and 
afterwards several times successively with a solution of car- 
bonate of soda, and with weak hydrochloric acid, and finally 
carefully dried in a warm place. Тһе perfect silvering of vases, 
or plates of glass, is always a matter of some difficulty, and 
М. Е. Keichardt recommends the following method :—Prepare 
four solutions—first, 10 mes of nitrate of silver to 100 
grammes of water ; Second, an aqueous solution of ammonia, of 
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0:984 density; third, 20 grammes of caustic soda and 500 
grammes of water; and fourth, a solution of 25 es of 
sugar in 200 mes of water, to which is added a cubic centi- 
mètre of nitric acid, at 36°; and let the whole boil for twenty 
minutes. When cold add 50 cubic centimétres of alcohol, and as 
much water as will make up the total quantity to 500 cubic 
centimétres ; then take 12 parts of the first, 8 parts of the second, 
and 20 parts of the third solution, add 60 parts of water, and 
let the mixture stand for twenty-four hours; lastly, the solution 
No. 4 is added, when the whole becomes of a blackish tint, in 
consequence of the finely divided precipitate of silver which 
begins to fall. M. Reichardt has discovered that the deposition 
of the silver is greatly aided by motion, and that when the bath 
ia continually shaken the deposit on the inner surface of glass 
vases is always satisfactory, and he recommends that in silver- 
ing plates of glass they shall be placed in evaporating dishes, or 
other vessels, so that the sides may give an oscillating motion to 
the liquor in the bath when shaken. Іп acting on large articles 
he recommends the glass plates, or other objects, to be fixed 
within tubs or vats, which may then be rolled or rotated pretty 


rapidly. 
---Ф----- 


THE INSTITUTE OF CIVIL ENGINEERS. 


November 13th—The first Paper read was оп Ше“ Beaulis of the Em- 
ployment of Steam Power in Towing Vessels on the Gloucester and 
Berkeley Canal," by W. B. Ськовлм, M. Inst. О.Е. 


Іт was stated that this navigation was 16} miles in length, and level 
from end to end. The width at the surface varied from 80 feet to 100 
feet, with passing places from 150 feet to 200 feet wide, and at the bottom 
from 13 feet to 20 feet, while the depth of water was from 18 feet to 
18 feet 6 inches, Sea-going vessels up to 700 tons register, and draw- 
ing 16 feet, could by it reach Gloucester. Prior to the year 1860, {Неве 
vessels were towed by horses, at a cost of about one farthing per ton per 
mile, and at speeds varying from 1 mile to 3 miles an hour. At the date 
named, three steam tugs, fitted with high-pressure engine and screw 
propellers, were purchased complete for the sum of £3,000, and were 
placed upon the oanalto do this work. Two men and one boy were 
employed in each tug, and the consumption of coals in each was from 
16 cwt. to 20 cwt. every twelve working hours. In the four years 
ending the 25th March, 1865, 1,059,137 tons register of sbipping had 
been towed 16 miles, carrying 1,109,334 tons of goods, at a coat of 
26,400, including 15 per cent. per annum on the price of the tugs, to 
cover interest of money, repairs, and renewals. Applying this outlay to 
the tonnage of the vessels towed, it gave 1°45 penny per ton for 16 miles, or 
*0906 (about one-elcventh) of a penny per ton per mile,— being a saving 
of not far short of two-thirds as compared with the haulage by horses. 
In consequence of & larger and more regular trade in the six months 
ending the 26th September, 1866, the cost during that period did not 
exceed one-thirteenth of a penny per ton per mile. Applied to the 
goods conveyed in the vessels in the four years, the result was "0865 of a 
penny per ton per mile. The vessels were towed either singly, or in a 
train, according to ciroumstances. Sometimes as many as nine, ten, and 
even thirteen laden vessels had been taken by one tug at the rate of from 
3 miles to 34 miles an hour. The heaviest load after any one tug had 
been 1,690 tons of goods, in three vessels, which were towed along the 
whole length of the canal at a speed of 2 miles an hour. For the smaller 
class of vessels, the speed, as a rule, was restricted to 4 miles an hour, 

The employment of steam as а towing power had been found in 
nearly every way advantageous, The work was greatly economised. 
The vessels rubbed much less against the sides of the banks, the towing 
power being right ahead, and not on one side, as with horses. The wear 
to the ropes used in tracking was reduced; and vessels could be moved 
along the canal in weather which would have prevented horses doing the 
work. The speed also was increased ; and owing to this, there was now 
no deposit on the sides of the canal, which formerly took place, and was 
difficult to remove. At present the deposit was entirely at the bottom, 
whence it could readily be taken out by dredging. The only disad- 
vantage of this system, in a canal, the sides of which at the water’s edge, 
were unprotected, was the additional wear at that part, caused by the 
constant passage of the tugs, and by the “тап” of the water between the 
sides of the larger vessels and the hanks. This action upon the banks 
was contined to a space of about 18 inches only, one-half of which was 
below, and the other half above the water line, On this canal, a band of 
good weather-stone pitching, 2 feet wide, had completely prevented the 
injury, presenting а face along which the water ran harmlessly. It cost 
about 8180 per mile; but as a set-off to this expense, there was the 
diminished wear of the towing-path by the horses, which was con- 


siderable. 
The second Paper rcad was “ On the Employment of Steam Power upon 
the Grand Canal, Ireland," by В. Heat. 


It was remarkcd that on this system of navigation,which was 160 miles 
in length, the locks were 60 feet long’ and 13 feet 6 inches wide; а 
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depth of 5 feet 2 inches of water being maintained upon the св, but the 
trading depth of the boats was limited to 4 feet 3 inches. The width of 
the canal varied from 60 feet to 80 feet, shallowing at each side, 80 as to 
admit of about 30 feet of navigable breadth in the centre. Upwards of 
300,000 tons of goods are carried annually over this system, in and out 
of Dublin. 

It was observed that steam power was applicable to canal navi 
in either of two ways, and both had been attempted on the Grand Canal. 
First, by placing the machinery in the boats with the cargo; and, 
secondly, by employing steam power merely for towing boats or ba 
in trains. Trials had also been made with both a single and a double 
screw, but the latter was deemed to be unsuitable for canal purposes. 
In the first effort to introduce steam power, a vessel was designed to 
carry cargo as well as the machinery; but her carrying capacity was 
found to be во reduced, as to render the speculation unremunerative. 
Within tho last two years however, a system of hauling boate in trains, 
by small but powerful steamers, had been successfully brought into use 
on a long level of the canal, 251 miles. Тһе screw which had been 

roved to be the best, had a width of blade at the circumference of 32 
inches, cut away at the base to the extent that was consistent with 
strength ; the pitch was an increesing one, varying from ô feet 3 inches 
to 7 feet 9 inches. One of these steamers towed three Jaden boats, each 
carrying 40 tons of cargo, at the rate of 2} miles an hour; the pressure 
on the boiler being 60 lbs. per square inch, the number of revolutions 
75 to 80 per minute, and the consumption of fuel, which was опе part 
coal to three parts -of slack, being 112 lbs. per mile. The boats were 
60 feet long, and 13 feet beam, drawing when laden 4 fect of water. 
On that portion of the canal upon which steam power had been applied, 
horses had now been entirely withdrawn, and two steamers regularly 
performed a daily service both ways. 

On the river Shannon, the steamers designed to carry their own cargo 
had to pass through locks, which limited | their length to 72 fect and 
beam to 13 feet 3 inches. They carried 60 tons, with a draft of water 
of 4 feet 8 inches, and had been most successful, 


In the course of the discussion it was observed that a fourth steam- 
tug was now at work on the Gloucester and Berkeley Canal, and that in 
three weeks during the month of September last, four tugs had moved 
$5,280 tons 16 miles at a total cost of 8145 8s., being not quite one- 
sixteenth of a penny per ton per mile. Оп the Forth, and Clyde, and 
the Monkland canals, іп the year 1856, a ligbter, capable of carrying 
80 tous of cargo, was fitted with small high-pressure engines, placed as 
close to the stern as possible, and a screw propeller, Having proved 
successful, engines were subsequently applied to a luggage-boat carryin, 
36 tons, to one of the canal ice breakers, to masted lighters, for canal an 
coasting trade, carrying 120 tons, and to a mineral barge conveying 
60 tons on the Monkland canal, and 76 tons on tho Forth and Clyde 
Canal. All of these had answered satisfactorily, and had been precursors 
of seventy steamers now at work on the Forth and Clyde navigation, and 
from the canal to the contiguous sea coasts. Іп reference to the screw 
tug-boat, ‘ Birmingham,’ which had been employed, from 1856 to 
1865, in hauling the barge traffic upon the summit level of the Regent’s 
Canal,—where the sectional area ot the waterway traversed as com- 
pared with that of tho vessels navigating the canal was sbout 4 toi, 
except through the Maida Hill tunnel, for а length of 270 yards, where 
these proportions were 2 to 1,—it was stated that the cost of working 
that vessel for the eight months ending 31st Мау, 1865, was £344 2s, 
The distance traversed was 3,519 miles, the number of barges hauled 
2,023, the gross amount of cargo conveyed 59,738 tons, or with the 
weight of the barges 90,083 tons. The coet, including all charges, had 
been 1°96 shilling per train mile, 1:38 penny per ton of cargo, and ‘916 
of apenny per ton gross weight. On the River Severn steam-tugs had 
been used tor ten years; but now the moet efficicnt plan was considered 
to be that by which small direct acting engines were fitted ina barge 
capable of taking 40 tons of cargo, and of towing one, two, or three canal 
boats after her, according to the strength of the stream against which 
they had to contend. n the Weaver navigation, a canalised river, 
partly river and partly canal, the employment of steam power had been 
во profitable, that all sailing vessels and hauling by horses were being 
rapidly abandoned, when dependence would be placed upon steam ba 
alone. А series of experiments had been made on the Ashby-de-ls- 
Zoueh canal, for the purpose of determining whether the applica- 
tion ef steam power would beinjurious to the canal, particularly to 
the banks, when it was found that no prejudicial action took place, so 
long as the speed was limited to 3 miles or 34 miles an hour. 


Russo- American Telegraph.—Nearly the whole of the surveys 
on land and the soundings in Behrings Straits are completed. 
The following works will be completed this year, distributed 
amongst several sections. The line of telegraph will be length- 
ened 800 miles beyond the Port of Granley to Kvitchpok, and 
further in the valley of the Anadyr from its mouth to the Island 
of Anadyrik, from Okhotsk to Guijigumik, and, perhaps, to the 
junction with the Anadyr section. 
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THE ROYAL INSTITUTE OF BRITISH ARCHITECTS. 


Cratatn alterations having become necessary in the manage- 
ment of the affairs of the Institute of British Architects, it bas 
led to the reclassification of its office-bearers, and particularly 
to the appointment of a paid assistant-secretary. For this post 
we understand that the applications are numerous, including the 
names of several good men and true, the consideration of whose 
claims will be brought under notice at the meeting on the 
3rd instant. Without any disparagement whatever to the 
merits of other candidates, the list, so far as published, con- 
tains the names of at least two gentlemen who have special 
claims on the attention of the Institute, in consequence of their 
long connection with the Institution and the practical services 
they have individually rendered in furtherance of its interests. 
The name of Papworth is well known within the walls of the 
Institute, and the labours of Mr. John W. Papworth (one of 
the candidates to whom we refer) in conjunction with his brother, 
to improve and render more available gencrally, the accumulated 
treasures in the library, have been neither few nor unimportant. 
Mr. Е. Т. Dollman, the other gentleman to whom we allude, 
though his official connection with the Institute dates more 
recently than some of his brother officers, has, we believe, by the 
unanimous testimony of those best qualified to give an opinion, 
discharged in a very zealous and efficient manner the duties of 
librarian, to which he was elected some four years ago; being 
moreover an individual well and favorably known as an author, 
more especially in connection with his detailed and illustrated 
works, bearing upon medieval architecture. Mr. Dollman may 
therefore naturally consider that the services he has rendered 
in both capacities present more than an ordinary claim to 
notice, and that his experience in the post just vacated will add 
not a little to other recommendations. 

Among the candidates are Messrs. Edward Hall and С. Г. 
Eastlake, both known in literary circles, and Mr. F. Warren, 
Mr. Snell, and Mr. Wallace. 


— 
THE PROGRESS OF ENGINEERING. 


Tux Institution of Engineers in Scotland commenced the 
Session 1866-7 on the 31st October last, under Ше Presidency of 
Mr. 7. С. Lawrie, who delivered an introductory address, em- 
bodying an interesting sketch of the progress of scientific 
engineering. ‘The proceedings of this Institution are of much 
interest and utility ; some extracts fromthe President's address 
we append: — 

Great as were the advantages derived from the original form 
of the steam-engine, in shiek the same vessel performed the 
duties of steam cylinder and condenser, it is nevertheless an 
instrument immensely behind the modern engine. The inven- 
tion of a mechanical prime mover, which should be independent 
of the action of the wind, and which, not being fettered to 
situations where falls of water cxisted, could be placed anywhere 
and extended indefinitely, possessed plainly advantages wholly 
unattainable without such a prime mover, and was therefore 
fitted to produce an entire revolution in operations dependcnt on 
the excrtions of dynamic foree. Beyond the applications falling 
within the scope of a prime mover, such as the original form of 
steam engine, there existed even a wider range to which such а 
prime mover could not be profitably applied, and which, cora 
sequently, were as entircly shut out from that class of prime 
movers as if it had not existed. For these, the more perfect 
instrument in the modern stcam-engine is peculiarly adapted. 
In steam navigation, for example, the improved steam-engine 
is rapidly becoming indispensable. For that purpose the 
difference betwixt an engine which uses 4jlbs. of coal per 
horse power per hour, and one which performs the same work 
with Zlbs. is so great that in many cases while the one is 
very much wbat the circumstances and conditions require, 
the other is absolutely worthless. With the former the expense 
of the fuel would alone in many cases be a bar to its use; but 
when to the expense of the fuel із added the incomyatibility of 
burning 43186. of coal per horse power, with the requirements 
for carrying cargo, the application of such a prime mover is 
wholly out of the question, and brings into prominent contrast 
the advantages of the latter. And these advantages аге most 
prominently services rendered by science to the engineer. The 
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advantages obtained by expanding the steam, the advantages of 
surface condensation, and the advantages of modern superheat- 
ing, which constitute the improvements of the modern steam- 
engine, are due altogether to the scientific engineer. No one 
of the three has been the result of accidental observation, but 
has been due to elaborate and patient investigation. It is true 
that the amount of advantage derived from any one or all of 
these improvements has not yet been by common assent definitely 
ascertained, the experience of different engineers showing 
different results, arising, probably, to a large extent from in- 
accuracy of observation, and also to the different modes by 
which the advantages are sought to be arrived at. While, 
however, these different results are being discussed, questioned, 
and not unfrequently discredited among the doctors, the users 
of the steam-engine, the public, are plainly in practice someig 
all doubts by a steadily increasing demand for the improv: 
steam-engines, showing that, although different forms may yield 
different amounts of advantage, they all, in every racticable 
form; yield results of sufficient advantage to pe their 
extended application. The progress made by these improve- 
ments points palpably to the time, and at no distant period— 
within, probably, fifteen or twenty years—when in steam 
navigation, for every work, except it may be the shortest coast- 
ing voyages, the injection condensing steam-engine will be 
entirely obsolete. Оп a vast variety of stations the question is 
not one with a consumption of 4]lbs. of coal per horse-power of 
more or less profit, but it is whether there is to be or there is 
not to be steam navigation at all, and the advantages of steam 
navigation compared with sail navigation are so tangible and so 
great as to ensure the unremitting attentions of engineers to the 
entire removal of the remaining difficulties in the way of the 
improved steam-engine. The great ocean race from Ching 
which has received so much notice within the last few weeks, 
will undoubtedly, ін a very few years, lose its prominence, and 
be eclipsed by a race of far higher speed. 

The great and prominent improvement in the steam-engine, ая 
applied more partieularly to steam navigation, is the economy of 
fuel, and without that improvement all the others that have 
been made would have been worthless, but with thatimprovement 
others have becn of immense value, as in the change from the 
paddle wheel to the screw propeller. For many services, the 
paddle wheel was а most clumsy, inconvenient, and undesirable 
mode of propulsion. For all services, except, as yet, in shallow 
water, the screw je ller is nearly all that can be desired. 

Recently, a method of propelling ships by the reaction of water 
issuing from turbine water wheels, now commonly called the 
Ruthven mode of propulsion, has been revived, and has latel 
been tried in one of her Majesty's ships, the “ Waterwitch. ' 
This method of propelling ships is not without advantages 
peculiarly its own. For example, in many ships, and perhaps 
in all. the great power which a ship so fitted possesses 
in discharging an immense quantity of water, the result, it 
may be, of leak or injury, is of no ineonsiderable importance. 
Probably, a facility of manceuvring a ship so fitted is another 
advantage. But there аге no good grounds for believing that 
this mode of propulsion will be шоге economical in the applica- 
tion of dynamic effect or power, or in fuel, than the screw 
propeller, nor even that it will be so economical. In a 
comparison of the two modes of opus there are three 
elements which fall to be considered :— 

lst, The consumption of the power of the machinery due to 
the friction of the propelling instrument. 

2nd, The consumption of the power of the machinery due to 
ie art of it which is carried off by the water projected from 
the ship. 

3rd, fhe consumption of the power of the machinery due to 
the po ulsion of the ship, or that is developed in the propulsion 
of the ship. 

To compare minutely the friction in the two methods, it would 
„Бе necessary to know the surface, in each case, of the propelling 
instrument ; in the one case the surfaces of the screw propeller, 
and in the other the surfaces of the turbine whecl and the surface 
of the water passages. Even, however, without these measure- 
ments, it is plain that the screw propeller has the advantage to 
a large extent in this respect. The surface of the propelling in- 
strunient itself is manifestly in favour of the screw propeller, 
and the loss arising from the friction of the water in the water 
passages with the turbine wheel has no counterpart at all with 
the screw propeller. 
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With regard to the consumption of the power of the machinery 
in that part of it which is carried off by the water that is pro- 
jected from the ship, it is to be observed that with the screw 
propeller, if there be а sufficient number of blades, the whole 
water in the cylinder, of which the diameter is the diameter of 
the propeller, and the length the speed or space passed through 
b the ship, is driven off with a certain speed which measures 
the reactionary power obtained in that way for the propulsion of 
the ship. If this cylinder be reduced in diameter the water 
must be driven off with a higher velocity to maintain undimin- 
ished the reactionary power derived from that source; and, 
inasmuch as the power carried off by the water and wasted, not 
being developed in the propulsion of the ship, increases as the 
square of the velocity, plainly the higher the velocity with which 
the water is projected бала the ship the greater the power carried 
off to waste. Consequently, in this respect the turbine wheel plan 
adopted fin the “ Waterwitch,” in which the discharge orifices 
sre of small dimensions, comparatively, and, therefore, the velo- 
city with which the water is projected necessarily considerable, 
is inferior to the screw propeller. 

With respect to the consumption of the power of the machi- 
nery due to the propulsion of the ship, it is to be observed that 
with the screw propeller the power of propulsion is derived from 
two sources—the one being the reaction Tae to the water which 
is projected backwards from the ship, and the other due to the 
reaction of the water in having imparted to it the velocity with 
which it is projected from the ship. For example, suppose tho 
ship be propelled through the water by a propeller working in 
a solid, as it could be by having for illustration a propeller shaft 
of great length, then all the power of the machinery, with tho 
exception of that required for friction, would be employed in 
propelling the ship, and none would be carried off by water 

eing projected backwards from the ship, because none would 
be so projected. When, however, the propeller works not in a 
solid but in water, there is plainly reaction obtained for the 

ropulsion of the ship, first from the inertia of the water in 
ving velocity праг 16 it, and then there is reaction corres- 
ponding to that velocity. The reaction due to the inertia of the 
water in having velocity imparted to it is measured by the 
rapidity with which that velocity is imparted, and is represented 
by a quantity proportioned directly to the velocity, and inversely 
to the time in which the velocity is imparted, or in other worda, 
is represented by the expression the velocity divided by the 
time; and if, therefore, the time during which the velocity 
is imparted be reduced to one-half, or one-fourth, or one-tenth, 
or is infinitely reduced, then the reaction obtained from this 
source is increased twice, or four times, or ten times, or is in- 
finitely increased—that is, if the propeller imparts the velocity 
to the water with great rapidity, the reaction will be equal to 
that of the propeller working in a solid. With the turbine wheel 
the reaction obtained from the inertia of the water in havin, 
velocity imparted to it is plainly much inferior to that obtaine 
with the screw propeller. 

In all the three elements the screw propeller appears therefore 
to have the superiority. 

1st, In the friction of the rubbing surfaces. 

2nd, In the quantity of power carried off to waste by the water 
projected backwards from the ship. 

3rd, In the quantity of power which is developed in the pro- 
pulsion of the ship. 

And the extent of superiority depends upon the details of the 
manner in which the two methods of propulsion are carried out. 

The “ Waterwitch" has already been submitted to a trial on the 
Thames, and in the report on the subject which has appeared in 
the press, the performance has been greatly landed. The method 
of propulsion has becn lauded, and the machinery by which the 
method has been carried into effect has been also very consider- 
ably trumpeted. The facts, however, stated in the report do not 
afford the means of correct inferences respecting the result 
obtained, and the further experiments yet to be made are рго- 
bably desirable to elicitin actual practice the true character of this 
method of propulsion. 

Illustrations of the progress of scientific engineering could be 
multiplied to almost any extent. Within the last few years 
engineering been rapidly changing character. Formerly en- 

ineering was not nearly so much as now a succession of scientific 
improvements. Then it was enough in a sense to be a hewer of 
wood and drawer of water, and to travel ina beaten path; but 
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now it is far otherwise, engineering being in all directions full of 
novelties-—the dictates of science. The mode of communication 
between distant places is, we have seen, entirely new, and is the 
result of laborious, patient, and keen investigation of the occult 
laws ofnature. The mode of conveyance both by land and sea is 
full of the use of Nature’s hidden laws. The material which the 
engineer employs is rapidly being changed, stone беши зарет- 
anded by iron, and iron in many applications being displaced by 
steel, produced in a manner entirely new, and due to principles far 
from орда Defining an engineer to be an artificer on matter. the 
scientific nature of his employment is apparent, whether we con- 
sider him asa fabricator оз ея бог transmitting intelligence 
or for transporting the fruits of the earth; whether he be con- 
sidered as a fabricator of food in high agriculture, which is now 
in reality a manufacture ; or as a fabricator of coverings to pro- 
tect us from the inclemencies of the weather in the beautiful 
materials now constantly produced ; or as a fabricator adapting 
everything around us, beneath us, or over our heads, to the 
wants and comforts of man. It is no longer sufficient for the 
engineer to know by rote the successive steps necessary in the 
various operations which fall to be performed by him, and which 
when known, may all be classed under the denomination of hew- 
ing wood and drawing water. He must be acquainted with the 
principles or laws of nature upon which these various operations 
depend; he must extend the applications of these principles in 
new developments if he would. seek to keep abreast with the 
progress of modern engineering. It has been frequently alleged, 
and correctly so, that the task of deciphering Nature's laws, 
that is, of becoming scientific, is difficult of performance, and 
that any action taken upon a misapprehension of these laws is 
attended with disappointment and disaster. No doubt if 
erroneous steps be rashly made upon а misconception of the 
laws of Nature, the result will be i pointment and failure ; 
and in proportion to the rareness of t 
anderstanding these laws is the distinction of doing so. and the 
value of the reward due to success. These difficulties may 
furnish reasons for diffidence in undertaking the task, but they 
furnish no reasons for discrediting or under-valuing the labours 
of the successful explorers, which an inconsiderate view of the 
matter has not unfrequently encouraged. 


е capacity of correctly 


—— 


THE ARCHITECTURAL ASSOCIATION. 


Тив regular fortnightly meeting of this Association was held on the 
23rd ult., Мг. В. W. Edis, the President, іп the chair. The Secre 
stated that the register for architects’ assistants kept in connection wit 
the Association, had hitherto been kept opon free of charge to all comers. 
This was considered scarcely fair to members of the Association, and it 
was now proposed to alter the rule, so that while members continued to 
have their names placed оп the register free of charge, non-members 
would be charged a fee for obtaining the benefits of the Institution. It 
was proposed to charge a fee of ls. for registration, and 2s. 6d. to 
members of the profession who were suited with assistants. It was 
therefore proposed that the words “to be consulted free of charge” be 
left out from rule No.17. Between eighty and ninety assistants had 
obtained situations last year by means of the register. The proposal was 
agreed to, and the rule altered accordingly. e following gentlemen 
were elected members of the Association :—Messrs. William Alexander, 
Е. Skerritt, William Backhouse, Emile Brandau, James Winter, 
Е. Piercy, P. E. Hart, — Gibbins, W. Е. Walter, J. С. Taylor, W. 
Willis, M. Foster, Lewis Solomon Dale, У. L. Spiera, and Percy Oakden. 

The Secretary read the snnual report of the Committee of the Asso- 
ciation, for the session 1865-66, which showed that during the session 78 
members have been enrolled, and in the same period 23 resigned, making 
a total addition of 55 to the number of members. A summary of the 
papers read and of the business brought forward on each evening of last 
session was then given, and a unanimous vote of thanks was accorded 
to the officers for the past session. 

The annual report stated that—'' The library has increased in 
books and in the number of readers. A sub-committee was ap- 
pointed by the Association, to consider the whole question and 
on their report, it was resolved that the present subscription be 
abolished, and the library thrown open to all the members, and that 
а voluntary subscription of small sums be instituted towards increasing 
the number of books. A sum of #5 5s. Od. from the funds of the 
Association was voted to those of the library: The Committee hope tbat 
the members оа will make use of this important branch of the 
Association. The class of design continues to thrive, and tha eketahes 
and drawings contribnted speak well for the ability of the members, but 
although a great number of aketches were sent in, there were but four 
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gentlemen who were eligible for competition for the prizes; as having. 


contributed the requisite number of designs during the session. 

“The committee announce with regret that the voluntary examination 
Class has ceased te exist, especially as the sole cause was the scanty at- 
tendance of members, and which repeated efforts have been unable to 
overcome. Whether the present unsettled state of the architectural 
examination question deterred members from joining, or whetber the 
class was considered useless, it is impossible to say. The committee 
urge оп the members, the younger ones in particular, the extreme im- 
portance of this class and the benefit to be derived from it, and they atill 

оре that there will be sufficient spirit in the Association to resuscitate 
the class, or establish one for the stndy of practical subjects bearing on 
architectural art. The committee congratulate those of the members 
who successfully passed the examination in January last, and the mem- 
Бета generally, that out of the four gentlemen who paseed, three were 
members of the Association. 

“ During the session a letter was received from the Secretary of the 
sub-committee appointed by the Royal Institute of British Architects to 
consider the working of the examinations requesting to know whether 
any, and if any, what, change in the regulations was suggested, upon 
which a resolution was made suggesting that each gentleman passing the 
examination should be furnished with a certificate signed by the exami- 
ners, and bearing the seal of the Royal Institute of British Architects, 
setting forth the particular class іп which the candidate passed. As Ше 
same request was sent privately to those members of the Association who 
had passed, many detailed suggestions were made, which, had they been 
varried into effect, would have tended to popularize the examination, but 
although the sub-committee recommended the greater part of them, the 
committee regret that almost the whole were thrown out by the general 
body; во tbat few alterations from the former soheme will be made. 
While deploring this, they would still say, “ Со forward," as upon the 
spirit in which these examinations are taken up by tbe younger men 
must depend success. The committee urge on the members to present 
themselves as well for their own sakes, as for the profession at large. 

“Тһе class for the study of figure drawing which was established in the 
last seasion, has continued, and its progress in numbers, as well as the 
improvement of the members attending, has been satisfactory. This 
class differs from the otbers, inasmuch as it admits non-members of the 
Association, but the committee hope that some arrangement may be made 
whereby the subscription of the members may be reduced. 

** A class for the study of water colour painting and sketching was or- 
ganised under the direction of Mr. А, Penley. Theclase was necessarily 
limited in number, but the success has been very encouraging to all its 
members. The Committee remind the members of the rule that gives 
them the opportunity of forming classes for the study of various subjects, 
А good example having been set by the water colour class. 

** Upon one subjeot the committee expresa their disappointment. With 
а view to stimulating the members to exertions, prizes were offered by 
the Association, the Architectural Union Company, and Messrs. Edis, 
Tite, and Goodwin, for competitions for essays and designs, but соп- 
sidering the large numbers of members, the offers have not been responded 
to in the proportion that might have been expected. 

* *In the matter of finance, the Treasurer announced the Association 
entirely out of debt, and with a substantial balance in hand; which 
would be materially increased if the members would pay their sub- 
scriptions as they fell due, by which means a great amount of trouble 
and ex would be saved, and the committee would know exactly what 
fands they had to enable them to extend the usefulness of the Association. 
During the past session the committee have met three times, and from 
the vote that was passed at the last meeting, believe they have gained 
the confidence of their fellow members. They would beg the liberty of 
expressing their thanks to the President, Mr. Robert W. Edis, for the 
unexceptional attention and interest he has shewn in all that concerns 
the Association, and thoy have pleasure in seeing the rules во altered as to 
render him eligible to again serve as President for the ensuing session." 

The report concluded by stating that, “іп looking back on the former 
years of the Aseociation, it is almost wonderful to note the rapid progress 
that it has made, but while taking pleasure in this, it should he remem- 
bered that there is as much yet to be done. Our country is increasing 
in numbers aud wealth, and with it our own profession, therefore it 
behoves every man (and especially the younger ones), for their own 
benefit as well as for their own profession, to qualify themselves for their 
future work, and in few ways can this be more pleasantly and readily 
&coomplished, than by becoming м/ч! members of the Architectural 
Association." 

The Presipsnt, in moving the adoption of the report, said he must 
first congratulate the secretaries upon the elaborate and successful 
report which they had prepared. Оп the subject of the library, 
he considered that the change which had lately been effected in making 
the library free, and the subscription а voluntary one, was most bene- 
ficial. It was the only voluntary lending library of its class in London, 
and the members ought to do their best to mako it a good one. 
He thought if any members or their friends had duplicate copies of 
books, they ought to present one to the library, aud if every member in 
the Association gave а small sum annually to the fund, they might be 
sure thet such a oolleotion of books would be amassed, as would do 
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credit to the institution. It was not a matter of surprise that the 
voluntary examination class had ceased to exist. He was only sorry it 
had been discontinued, because it was а pre-eminently useful class to the 
members of the Association. It was а class which brought the members 
together for study of a varied character, and which engaged their atten- 
tion in subjects which otherwise might not come under their notice. He 
hoped that a class with similar studies would be resumed, whether under 
the name of a voluntary examination class or otherwise it did not matter. 
It did not behove the President, as a member of the Institute, to say 
anything against that body, but he confessed he thought it a very 
short-sighted policy which had led them to treat the “ Voluntary exami- 
nation scheme" in the manner they had done. The Institute Бад asked 
for suggestions for improving the examination scheme, and when а large 
number of valusble suggestions had heen sent in they had set them all, 
or nearly all, aside. The evils complained of were still in existence, and 
the examination was tantamount toa myth. He hoped that the question 
of architectural education would ere long be put оп а more’ satisfactory 
basis, and that ultimately there would be a compulsory, not а voluntary, 
examination of all professional students. The members of the Associa- 
tion would require to continue their efforts in memorializing the 
** bowers above," and if it wasfound thatthe Institute would do nothing 
in the way of granting a diploma or some other recognition, then it 
would be time for the Architectural Association to do something for 
themselves, Тһе President next remarked that it was a matter of regret 
that out of nearly 350 members of the Association only twenty-two 
belonged to the figure drawing class. This was a most important study, 
and deserved a great deal more attention from students than was 
bestowed проц it. He hoped many more would join. It was necessary 
for а thorough artistic culture to have a knowledge of figure drawing, 
and it would be found a very pleasant knowledge to have when sketch- 
ing, and one most essential and most important for the architect to 
possess, All things considered, he congratulated the Association upon its 
sucoess during the past session. The number of members had largely in- 
creased, and in numbers and union lay the Association's strength. By 
increase of numbers they would obtain, he hoped, inoreased power, and 
be able to obtain for themselves many things which at present they 
could only look forward to as things “ to be." 


Mr. RippmTT read the report of the library committee, which shows 
that during the past session, the number of books issued has considerably 
exceeded the number issued in any corresponding period. The annual 
payment hitherto of 2s. by every member using the library, had been 
remitted, and в general annual appeal to all the members for small sums 
is instituted, in order to form a fund for making some additions to the 
catalogue. Mr. Riddett in commenting upon the fact that the library 
was now free to all, urged the importance of contributing to the volun- 
tary fund. Unless the fund was properly sustained the scheme of a free 
library could not be carried on. During the past year a number of new 
books had been added and the committee hoped to increase the library 
still further during the ensuing year. 

Mr. E. B. Ferry read the report of the class of design, which showed 
that it had been very successful during the last session. The original system 
of giving a different subject for each fortnightly sketch has been returned 
to, the plan of a series of designs illustrating one subject (a large church) 
adopted during session 1864—1866, not seeming to meet with the ap- 
proval of the members, as a comparatively small number of drawings 
were sent in during that period. The total number of designs con- 
tributed amounted to 186. The mode of proceeding adopted at the 
meetings has been improved. Тһе Chairman commenced by passing 
round the drawings slowly to the members in rotation for their examina- 
tion, each thus having an opportunity of deciding what oriticism to make. 
After this, the chairman proceeded to criticise each design, exhibiting it 
to the members present to elicit remarks. 

The Prestpent observed that there had been a marked improvement 
in the olass during the past year, not only in the designs, but in the 
number of drawings given in, and he hoped the class would continue and 
increase, as ita objects were most essential. 

Mr. Tarver read the report of the figure drawing class as follows :— 
“Тһе Secretaries report that, in spite of difficulties by defection of 
members, the class has successfully attained the end of a second session. 
This is much to the credit of a majority consisting chiefly of the original 
members of the class, who preferred paying a slight extra subscription 
i instead of 7s. а month) rather than allow so useful an undertaking to 

all to the ground; and it should be borne in mind that up to the end of 
this second sesaion the subsoriptions never reached the amount allowed 
for—uamely, 108. а month—when the scheme was originally proposed. 
The best proof, however, of the success of the class, lies in the fact that 
it has entered upon a third session. Much praise and many thanks are 
due to Mr. Poynter for the very efficient and explanatory manner of his 
teaching, and the class has great cause to regret his resignation. The 
Secretaries express their thanks to Mr. Macdonald Clarke, head master 
of the West London School of Art, who has always rendered them 
етогу assistance in his power. The number of members who joined 
the class between October and Мау was 40. Amongst these wem a 
artista and decorators, but the bulk of the members belong to the A^ 
teotural Association," 
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Mr, L.W. Rimor inquired whether the Institute had taken any steps 
towards the formation of a School of Art in connexion with architecture, 
as suggested by Mr. Geo. Gilbert Scott. The President said he believed 
that the Institute bad not taken any action in the matter. 

Mr. J. D. MarRr ws, the Treasurer, read the balance sheet for the past 
session which showed the total receipts from all sources to be £176 0s. 24. 
and the expenditure £160 18s. 10d., leaving а balance in hand of £15 1s. 4d. 
He said it was a matter of privilege to say that the Association was out 
of debt. The committee had made a grant of £5 to the library, and had 
voted 25s. per month to the figure-drawing class. 

The Рнувіркмт, іп proposing the adoption of the balance-sheet, pro- 
posed a vote of thanks to tha Secretary (Mr. J. D. Mathews), for the able 
and earnest manner in which he tranancted the business of the Association. 

The balance-sheet was adopted, and the vote of thanks tu Mr. Mathews 
was unanimously carried. 

The Ривагрвмт read the report of the delegates to the Architectural 
Alliance Meeting on 3rd July, 1866, as follows :— 

* Two only of vour delegates to the Alliance. Messrs. Thos. W. Rick- 
man and Robert W. Edis, attended on the 3rd July last at its meeting in 
Conduit-street, and the meeting was occupied throughout the day, first in 
the consideration of the vurious resolutions of the allied societies relating 
to the propriety of making the bills of quantities part of the contract, 
with regard to which question, although it was generally admitted that 
it was one of much importance, and deserving of the attention of the pro- 
fession at large, it was not considered at present desirable for the Alliance 
to take any action thereon, involving—as any change in 80 important a 
matter must needs do—a very considerable amount of alteration in the 
present system ; but, at tho same time, it was a question which, without 
doubt, was receiving great attention, and one which was deserving of 
the serious discussion: and consideration of the architectural societies 
throughout the country. 

* Subsequently, attention was turned to the consideration of the form 
of contract promoted by the Birmingham Society. The position of the 
architect as regards the builder and his client, isone of so much complexity 
that it was felt that no conclusion could be at present arrived at which 
would enable the architect either to obtain a greater control over the 
builder than at present, and which might also take away from the archi- 
tect all responsibility as regards questions of disputo between his client 
and the builder after his certificate of completion'bad been given; and it 
was considered by ‹еуега] of the delegates that it would be undesirable 
for many reasons to make the bills of quantities form a part of the 
contract, inasmuch that any error therein on the pnrt of the survcyor 
would necessarily cause unpleasantness between tho architect and his 
olient, and, in reality, much power would be taken out of the architect's 
hands by such addition. It is only fair to add that, in the case of each 
of these proposed alterations, those who had actually tried them were in 
their favour. But in both these questions, your delegates have con- 
sidered them as eminently worthy of consideration and discussion by the 
several societies.” 

The Pnestpent observed that on the question of whether bills of 
quantiriss should form part of the contract, the Association delegates 

essrs. Rickman and Edis) held different opinions. At the mecting 
opinion was about equally divided, and the question was left in an un- 
settled atate. . 

The reports above quoted were in each case adopted, 


— 


RUSSIAN RAILWAY CARRIAGES. 


BusstAN railway carriages are thus described by the cor- 
respondent of the Times:—“ Тһе distances travellers have to 
RE in this country are so immense, and the weather is 

equently so severe, that the idea of giving & sort of domestic 
arrangement to the cars naturally occurred to a people labouring 
under such disadvantages. Russian railway carriages are little 
houses on wheels. In the first, and partly also 1n the second 
class, their interior may be described as а saloon, with all the 
necessaries, and some of the elegances, of such an apartment. 
It is furnished with looking-glasses, heated by porcelain stoves, 
and lit by lamps and candles. Along the sides soft divans are 
ranged; the middle is occupied by a mahogany table, and double 
windows with red curtains exclude not only the rude touch of 
the Hussian air, but also the aspect of the winterly sky. The 
company sits or lounges about, chatting, reading. or playing 
cards, chess, or dominoes. The day passes pleasantly enough, 
and as night comes the passengers betake themselves to rest 
almost as comfortably as at home. By a simple process the 
divans are made intc beds, and supplied with pillows by the 
attentive guard. Іп the first class the earriages are also pro- 
vided with second stories, so to say, reached by an elegant stair- 
case, and fitted with complete beds ; in the second, if there are 
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too many passengers to be accommodated on the divans, рагі o 
them are lodged in berths, which take the place of the rack pro- 
vided in England for hats and caps. At length everyone 18 
snugly ensconsed, the ordinary good wishes are exchanged, and 
it is night in the car. The guard and the driver only keep awake. 
During the twenty hours в passenger is whirled along between 
St. Petersburg and Moscow, the train stops twenty times at least. 
The stations are elegant buildings, painted red, with broad 
white facings round the windows and along the eaves. Without, 
the very picture of cleanliness—they are well-stocked re- 
ceptacles of the good things of this world within. The eri 
senger enters a large vaulted hall, scrupalously whitewashed, 
and paved with flags. On long tables a sumptuous repast awaits 
him, every plate over a lighted lamp to maintain the warmth 
equally necessary in this country for taste and wholesomeneas. 
The wines and beers of every clime are represented in numerous 
bottles, alternating on the neatly covered tables with steaming 
plates. The hall is in the bare, cold style so often met with in 
this country when pomp is not intended; but the viands are 

ood, the waiters ready, and their white gloves unexceptionable. 
ood not say the whole affair is dear. Such luxuries as these 
are still regarded and paid for as exotic in this distant latitude. 
The station is an oasis. . Round about, the aboriginal race of the 
country lives in wooden cottages, including the whole family 
and their quadrupeds too, in a single room.’ 


----»---- 


THE ROYAL ACADEMY. 


THE new regulations, long under deliberation, having received 
the needful sanction of her’ Majesty, are printed and cir 
culated, and will forthwith come into operation. They relate 
primarily to the number, nomination, election, and power 
of associates. The concession is made that the limit of 
twenty Associates may be exceeded; the minimum is fixed at 
that number, but the maximum is left undefined. Under this 
law, it will be possible to widen the area of the Academy, 80 as 
io make 3t commensurate with the art talent of the country. Ав 
to nomination of Associates & change has been effected. The 
old ordinance, which required a candidate to inscribe his name 
in а book, was regarded as needless and humiliating. This con- 
dition to election is now abolished, and in its stead а candidate 
will be proposed and seconded in writing by some friend in the 
Academy. Тһе elections will be then made from the printed 
lists of all the candidates, and the votes and names of the voters 
тау be known on demand of the majority. Associates are now, 
for the first time, endowed with votes, and thus vested writh 
power. The election of associates will take place in Janusry, 
and of Academicians in June and December, of each year. 
Though the number of Associates may be indefinitely multiplied, 
the prospective right to a pension can never be vested in more 
than twenty at a time. This safeguard will remain for long 
superfluous. Other reforms already resolved upon await the 
accession of space which the new building will afford. 


-----Ф%-- 


Coast Semaphores and Telegraphy.—The semaphores erected 
on the coasts of France have just been placed at the service of 
the commercial world. These semaphores being in relation 
with the whole telegraph system of the empire, captains of ships 


“шау now make known their wants, sends orders, and receive in- 


structions and news without the necessity of entering ports or 
harbours. or even of quitting their course for shallow waters. 
Elaborate instructions have been drawn up by the Ministers of i 
interior and of the marine, and sent to all the ports and chambers of 
commerce in France, for the regulation of the working of these 
coast telegraphs, the signals used being those laid down in the 
code of commercial signals for all the world, drawn up by а 
commission appointed by the English and French Governments 
conjoints and approved and adopted by Belgium, Italy, Spain, 
Portugal, and some other powers. A systein and code which, 
when completed, will place the ships ofall the world in direct 
communication with the territory of every nation, is certain of 
universal adoption. The English Government is now establish- 
ing semaphores along our own coasts on the same plan, and in 
connection with the same system of signals. 
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